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Rodgers, Samuel (BA, Astronomy & Astrophysics)

Can Regulating Large Satellite Constellations as Monopolies Improve Sustainability Standards

While Providing Effective and Equitable Internet Access?

Thesis directed by Prof. Lauren Blum and Prof. Zachary Donohew

Large satellite constellations (LSC) in Low Earth Orbit (LEO) provide the means to deliver
internet to previously underserved populations. The LSC’s economic potential combined with a
growing demand for internet access has led to multiple companies pledging their own internet LSCs
in hopes of capitalizing on this need. This, in addition to growing interest in LEO, risks destabi-
lizing the LEO environment if not regulated properly. The current U.S. Orbital Debris Standard
Mitigation Practices (USODSMP) are woefully outdated and only sporadically followed by oper-
ators. Furthermore, there are no licensing regulations for other key sustainability requirements,
such as propulsion and tracking. Accelerated growth of internet LSCs without proper regulation
will lead to an unsafe and unsustainable LEO environment. There needs to be a change in how
governments regulate private and public LSCs, in particular those providing internet telecommu-
nications. Internet LSCs are the fastest growing population in LEO, often directly competing for
orbits and broadband frequencies.

In this thesis I investigate whether the U.S. could apply aspects of terrestrial utility infras-
tructure to better regulate satellite internet. In particular, I question whether the U.S. government
could regulate internet LSCs as monopolies. Such regulatory control would allow the U.S. to better
enforce and revise sustainability regulations and ensure fair access to internet services. Viewing
internet as a utility, as a necessity of modern life to which all citizens deserve access, this thesis
proposes the U.S. license a single internet LSC from within its borders. I explored two potential
regulatory approaches: one based on the U.S.’s public utility system and one based on FEuropean
internet infrastructure. I then presented these approaches to five experts in the field of space

sustainability and solicited their feedback. From these results, I determined that both of my regu-



iv
latory approaches are not feasible in their current forms within the U.S.; however, both approaches
produce potential partial applications and variations of their initial design that may find traction.
This thesis concludes that adopting an interoperability framework in LEO would allow for precise
and targeted sustainability, technology, and capacity standards for each orbital corridor, empower
regulatory bodies to enforce these standards, and preserve competition among Commerical Satel-
lite Operators (CSOs). Finally, a government internet LSC competing against commercial internet
LSCs, akin to terrestrial municipal internet, would demonstrate technological feasibility, satisfy

equity requirements, and provide a baseline LSC for CSOs to compete against.
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Chapter 1

Introduction

“Gentlemen, my idea is as radical as the Constitution itself’.! With these words, Presi-
dent Franklin D. Roosevelt declared his intention to convert electricity from a privately controlled
amenity to a tightly regulated public utility.? Electricity’s growing importance to daily life, con-
gested competing electricity systems in urban areas, and scant service offerings to rural America
fueled a movement to better provide and manage electricity.®> This idea was not received with
open arms. The existing electricity companies knew that government entry into the market would
severely undercut their profits, if not knock them out of the business entirely. They labeled the
plan as “socialist” and the beginning of a slippery slope to a full communist revolution.? In the end,
the clear benefits of having electricity managed as a public utility overcame the desires of private
industry. From President Roosevelt’s actions came America’s modern electrical infrastructure and
the American public utility system.

Today, America is experiencing a similar dilemma with the internet. There is unequal access

between urban centers and rural communities,” with lagging quality and rising prices relative to

1. Eschner, 2017

2. For this thesis, I will be defining a public utility according to Colorado law, in particular CO Rev Stat §
40-1-103 (2016). To quote this definition: “The term ”public utility”, when used in articles 1 to 7 of this title,
includes every common carrier, pipeline corporation, gas corporation, electrical corporation, telephone corporation,
water corporation, person, or municipality operating for the purpose of supplying the public for domestic, mechanical,
or public uses and every corporation, or person declared by law to be affected with a public interest, and each of the
preceding is hereby declared to be a public utility and to be subject to the jurisdiction, control, and regulation of the
commission and to the provisions of articles 1 to 7 of this title.”

3. Eschner, 2017

4. Roll On Columbia the Documentary, 2005

5. Pollard & Martinez, 2021



other nations.® Spurred by the Covid-19 pandemic, when quality internet access became crucial
to the welfare and livelihood of millions of Americans, activists have been gathering support for
converting internet into a public utility.” The echoes of history are loud and clear with internet
utility: private companies argue that government interference suppresses private rights while public
advocates call for greater coordination of services and both affordable and equitable access to
internet. Bolstering the public argument is the stark divide between urban and rural internet
access. It is more costly for private companies to deliver internet to rural communities compared
to urban cities, and there are few incentives to build such infrastructure. Satellite-based internet
could bridge this gap and provide a way for internet to become a truly accessible public utility.

Satellite-based internet broadcasts internet from orbit, most successfully by Starlink. The
CubeSat and launch revolution® have made access to Low Earth Orbit (LEO) easier than ever.? As
a result, companies have begun launching constellations in LEO to offer services previously limited
to terrestrial infrastructure or blocked by a price barrier.!% If the U.S. were to pursue the conversion
of internet from a private service to a public utility, creating an internet LSC on the order of 10%
in satellite count could be an effective way to provide internet access to isolated suburban-rural
communities and transportation services (trains, planes, ships, etc.).!!

A government-administered large satellite constellation (LSC) in LEO could also allow for
easier implementation and continual revision of modern sustainability norms. While easier access to
LEO has opened the space economy to new endeavors, it has also led to an explosion in the number
of satellites in orbit.'? Competition is crucial for a healthy economy, the spatially limited nature
of LEO means that competition must be balanced against preservation of orbits for safe use and

for the use of future generations. It is these concerns that drive the field of space sustainability.?

6. Downes, 2015
7. Lazarus, 2020; Milano, 2021; Toh, 2020; Whipple, 2021
8. Jones, 2015
9. Weinzierl, 2018; Rao, 2019; Start-Up Space 2020, 2020; Low Earth Orbit (LEO) Satellites Global Market
Report 2022, 2022
10. Constellations are defined as a group of similar satellites operated by the same operator and working towards the
same purpose. Common examples include the Starlink internet constellation and NOAA earth imaging constellation.
11. Space-Based Broadband Internet Market — A Global and Regional Analysis, 2021
12. Count Evolution by Object Orbit, 2019; Space Sustainability Infographic, 2022; Kulu, 2022; Lewis, 2020; Pardini
& Anselmo, 2021



Space sustainability, can trace parts of its heritage to the works of Dr. Donald Kessler and the
Kessler Syndrome.'* The Kessler Syndrome is a theorized chain reaction where the collision of two
satellites in an over-congested orbit sparks a chain reaction of collisions caused by exponentially
growing debris. Such an incident will render orbital space uninhabitable for generations. As
deployment of satellites in LEO increases, so does the chance of a Kessler Syndrome.

How can the global space community avoid triggering a Kessler Syndrome? The risk of a col-
lision can be mitigated with appropriate regulation by government and proper behavior by satellite
operators. This includes governments updating their sustainability norms to reflect the current LEO
environment and operators practicing space situational awareness (SSA). SSA focuses on operators
maximizing all potential options towards minimizing collision occurrence. This includes greater
ground-based observation and tracking of satellites and debris, improving communication with
other operators, and minimizing one’s orbital footprint. While operators are ultimately liable for
implementing these behaviors, regulatory bodies can play a major role in promoting and enforcing
such behaviors. However, progress has been slow on improving sustainability standards, especially
in terms of regulation. The current U.S. space debris mitigation guidelines are outdated,'® and
the continually changing nature of LEO’s population combined with evolving technology makes the
creation of fixed sustainability standards difficult. If the U.S. regulated LSCs like monopolies it
could regularly and quickly update its sustainability standards.

How does this idea square with international law? When considering new space legislation,
one must ensure that proposals abide by the Outer Space Treaty (OST) and the International
Telecommunications Union’s (ITU) broadband allocation process. These are the primary institu-

tions which govern how, where, and when governments and CSOs operate in space. Addressing the

13. For this thesis I will be defining “Sustainability” as the ability to meet the needs of the present without compromis-
ing the needs of future generations. This is adapted from the Oxford English Dictionary’s definition of sustainability
(2b): “the property of being environmentally sustainable; the degree to which a process or en terprise is able to be
maintained or continued while avoiding the long-term depletion of natural resources” and is the definition used by
the UN (Report of the World Commission on Environment and Development: Our Common Future, 1987).

14. Kessler et al., 2010. Note, this is an update on his 1978 paper, adapting his findings to the changing space
environment.

15. U.S. Government Orbital Debris Mitigation Standard Practices, November 2019 Update, 2019; Chow, 2021;
Christensen, 2016; Undseth et al., 2020; Boley & Byers, 2021; Mitigating Space Debris Generation, 2022; Space
Sustainability Infographic, 2022



OST, my monopoly proposal falls safely within its regulations, noting in particular Articles I, II,
and VI.'® Article I states that access to outer space shall be “free for exploration and use by all
States”, meaning that so long as the State—in this case the U.S.—doesn’t restrict other countries,
it can self-regulate and create a monopoly. Along similar lines Article II states that no nation can
appropriate space while Article VI asserts that nations must bear responsibility for their nation’s
assets, regulating as needed.!'” Within its own borders, the US can set up an internet monopoly,
offering services to its citizens and any paying customers abroad. Such a monopoly does not prevent
other countries from launching their own satellites and regulating operators to their own standards.

Where the OST dictates the basic rights and restrictions of actors in space, the ITU facilitates
how actors communicate in space. The ITU allocates broadband frequencies to satellites in orbit,
working to manage their usage between state and private actors. The ITU’s Radiocommunication
Sector handles the allocation and management of radio-frequency spectrum from terrestrial and
orbital sources. Their goal is to “ensure rational, equitable, efficient and economical use of the
radio-frequency spectrum. .. including those using satellite orbits” for all potential actors.'® While
the ITU holds no enforcement power, the benefits of having a central agency allocating spectrum,
ensuring interference-free broadcasting for all parties is enough incentive for countries to abide by
its rules. For this reason, countries request frequency allocations from the ITU for each satellite
launched. These frequencies are determined by orbit, purpose, time of use, strength of broadcast,
region, and other factors laid out in the ITU Radio Regulations.'® So long as the U.S. registers
its selected internet LSC with the ITU and sticks to its allocated frequencies, then it can regulate
domestically as it pleases.

This thesis considers this context and asks the question: could the U.S. regulate an internet
LSC as a monopoly while offering quality, nationwide internet, implementing modern sustainability

norms, and keeping costs low without unreasonably stifling innovation? I will explore two possible

16. The Outer Space Treaty, 1966

17. Id.

18. Telecommunications Union Radiocommunications Sector Mission Statement, 2022
19. Radio Regulations - Articles - Edition of 2020, 2020



frameworks, one modeled after the U.S. public utilities system and one modeled after the European
internet infrastructure. Experts from across the space industry will then consider these frameworks
with respect to five sustainability goals, the desire for equitable access to internet, and the need
to keep the space economy strong and growing. I will then compile their responses as evidence,
analyzing and comparing opinions to draw conclusions. The combination of background research
with expert testimony, compiled by opinion, will inform a conclusion as to whether a monopoly-
centered regulatory regime is a reasonable option in its entirety, in parts, in a revised form, or

whether it should be eliminated from the pool of possible solutions.



Chapter 2

Background Research

There are two ways to test policy without implementation. The first is to run a simulation
using numerical data guided by parameters and functions (quantitative), while the second is to
source the opinions and criticisms of relevant experts (qualitative). I elected to pursue the latter

option for four reasons:

(1) The constantly shifting nature of the LEO environment and economy requires a human

expertise that can’t be found in data alone.

(2) A quantitative analysis would take more time than this thesis allows, as I do not have the

training to complete a quantitative economic and policy analysis.

(3) A quantitative analysis might not be able to measure sustainability, quality of product,

and innovation in sector, factors that are subjective by nature.

(4) For theoretical concepts human expertise provides the highest quality data. Interviewing

notable experts allows for all these criteria to be thoroughly considered and contrasted.

As a result, the data for this thesis comes from a series of interviews with relevant experts
from industry, academia, policy, law, and satellite operation. As this thesis relies on expertise of
participants, the interviews are non-anonymous, recorded, and each participant’s name and title

are included in Appendix B and this thesis’s analysis.



Preceding these interviews I conducted a six-month literary review, supplemented by informal
dialogues with colleagues in the field of space sustainability. My past research focused on imple-
menting sustainability norms through self-governance among CSOs. My existing expertise from
past research, much of which surrounded CSOs and self-governance, was not enough to compre-
hensively approach this thesis. This topic required additional review of anti-trust law and history,
the history of utilities and the internet, the economic reason for monopolies, and the history of
monopolies in space.! I brought my initial findings on these topics to experienced colleagues, with
whom I checked my understanding against their experience and knowledge.

This initial research phase produced a few key findings, and while not all supported my
proposal for an exclusive internet constellation within the US, they all supported the need to
propose and challenge this idea. Below I discuss these findings in brief. A list of additional

readings and sources I consulted for my literary review can be found in Appendix A:

2.1 Finding 1: INTELSAT

INTELSAT was one of the first satellite networks, holding an international monopoly on
satellite communications from its inception in 19642 until deregulation concluded at the end of the
1980s.> INTELSAT was a multi-national satellite constellation in geostationary orbit (GEO) that
offered international telecommunications via satellite. Prior to INTELSAT, international calls from
non-central cities had to be routed through major international hubs, increasing operation costs
and reducing call capabilities.* With INTELSAT someone could place a direct call to and from
anywhere on the globe, no routing required. International participation by governments, regulatory

priority within the US and abroad, and a high barrier to entry that private funding struggled to

1. For a detailed walk-through of the literary review, along with additional sources that may go unreferenced
directly in the main thesis, see Appendix A.

2. Agreement Establishing Interim Arrangements for a Global Commercial Communications Satellite System, and
Special Agreement (with Annex)., 1964

3. “Satellite Warfare: Undoing Intelsat’s Monopoly,” 1991

4. Levy, 1975. Footnote 2, “As President Johnson said in the 1967 policy message on telecommunications: ‘A
telephone call from Rangoon to Djakarta must still go through Tokyo. A call from Dakar, Senegal, to Lagos, Nigeria, is
routed through Paris and London.... Such an archaic system of international communications is no longer necessary.’
(Lyndon B. Johnson, ”Global Communications Systems,” Message to Congress, August 14, 1967)”



reach elevated INTELSAT to a successful monopoly.® However, this monopoly would not last.

What ended INTELSAT’s monopoly proved to be the success of airline deregulation. Prior
to deregulation, the government enacted price control measures on airline tickets, only allowing
unrestricted profit through secondary payloads such as mail and packages.® Faced with an oil cri-
sis, half-full flights, and rising prices, the Carter Administration and the Reagan Administration
deregulated the airlines. Prices dropped, air travel rose, and new companies entered the business.”
Successful deregulation of airlines pushed the U.S. to deregulate space access. Free market thinkers
at the time sought to solve the high cost of INTELSAT’s services by ending its monopoly on satel-
lite communication, opening the market to private companies. Advocates argued that commercial
companies could provide satellite telecommunication services more efficiently than INTELSAT.®
Heeding the desires of free market advocates, President Reagan announced the development of a
separate communications satellite constellation, citing national interests. Not wanting to lose the
international partnerships and coalition built by INTELSAT, he committed to continued collabo-
ration and consultation with INTELSAT as a legitimate competitor.’

Not all favored the end of INTELSAT’s monopoly. As detailed by Marcellus Snow in 1987,'%
US allies and pro-government advocates within the US stressed INTELSAT’s ‘natural’ monopoly as
a reason for its protected existence,'! citing the existing stability and international cooperation of
INTELSAT. Proponents argued that having INTELSAT remain a monopoly would be beneficial to
bloc cohesion, not separating countries into satellite owners, operators, and paying users.'? These

arguments were not enough to prevent deregulation, and since overcrowding space was a nascent

5. Levy, 1975; Fimea & Mann, 1986
6. Kahn, 1988, Soulier 2018
7. Kahn, 1988
8. Snow, 1987
9. Memorandum on International Communications Satellite Systems, 1984
10. Snow, 1987
11. Natural monopolies are defined as monopolies that form due to economies of scale, or when it becomes more
cost-effective for one entity to provide a service versus multiple competitors, when the consumer savings from splitting
infrastructure costs are greater than consumer savings from increased competition. It is assumed that a sustainable
natural monopoly needs no protection, as it is the natural result of market forces, however it is often the case that
traditional natural monopolies like utility companies gain protection from local, state, and federal government.
12. Id.



idea, legislators did not yet view space as a scare resource.'® Indeed by the 1990s INTELSAT faced
competition from various private companies, eventually going private itself in 2001.4

INTELSAT failed as a public monopoly because lawmakers did not consider space a scarce
resource nor consider telecommunications a public utility. Why restrict competition when there is
theoretically unlimited space to build competing infrastructure? It made sense to deregulate under
the assumptions of the time. In 2022, however, experts recognize that this assumption is false.
We now know space, particularly LEO, is a scarce and limited resource,!® and the requirements
of modern-day society have opened discussions regarding internet as a public utility.'® If the U.S.
shifts internet to a public utility, spearheaded by an internet LSC, then it is logical to consider the

existing U.S. public utility system.

2.2 Finding 2: U.S. Public Utility System

In the U.S.,'7 states and corporations jointly manage public utilities,'® granting one entity
monopoly rights over a set area.!” These entities are either government owned?’ or private cor-
porations beholden to tight regulation by the state’s public utility commission (PUC).2! Using the
State of Colorado and Xcel Energy (the state’s electricity and natural gas provider) as an example,
the state fixes how much Xcel can charge households for electricity and gas, declaring that no profit
can be made from these services. Instead, Xcel gains profits from the maintenance and development
of energy infrastructure such as power plants, wires, solar panels, and other forms of energy genera-

tion and transmission.?? Xcel charges the consumers a rate of return, usually spread out over years,

13. Matignon, 2019

14. Pelton, 2017

15. AMES Orbital Debris Program Office, n.d.; Macaire, 2017; Patel, 2019; Requirements on Space Debris Miti-
gation for ESA Projects, 2002; Space Debris Guidelines, 2007; U.S. Government Orbital Debris Mitigation Standard
Practices, November 2019 Update, 2019; Sampaio et al., 2014; Silbert et al., 2010; Undseth et al., 2020; Boley Byers,
2021; Lewis, 2020; Mitigating Space Debris Generation, 2022; Space Debris by the Numbers, 2022; Space Sustainability
Infographic, 2022; Pardini Anselmo, 2021

16. Litan, 2014; Rahman, 2017a, 2017b; Downes, 2015

17. Due to its unique approach to energy management, this thesis will not use Texas for any comparisons.

18. Here I include electricity, natural gas, water, and sewage systems.

19. Triedman et al., 2021

20. "Tennessee Valley Authority Act of 1933.” [48 Stat. 58-59, 16 U.S.C. sec. 831]

21. Public Service Company of Colorado Electric Tariff Indez, 2022

22. Brasch, 2022
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a contentious topic that has garnered accusations of wasteful infrastructure building.?® If the U.S.
government applies its public utility system to an internet LSC, it will need to find a reasonable
way to allow the monopolist a rate of return based on the nature of the LEO environment. This is
the job of the PUC.

PUCs hold substantial control over policy and standards, with some states using PUCs to

24 Members of PUCs are either elected by voters or

mandate a transition to carbon-free energy.
appointed by the state, and while PUCs are intended to be non-political, PUCs often support
political agendas. As pointed out by Triedman et al., PUCs that fall under industry control or
political agendas fail to effectively regulate and provide the best possible product to the public. If
LSCs are regulated like public utilities, the PUCs could negotiate fair rates while also requiring key
sustainability standards. While a space PUC may need to alter the monopolist’s profit mechanism
(if the LSC is operated by a private company), the concept holds substantial potential if the internet
LSC is part of a larger public utility internet infrastructure.

The U.S. is unique in how it allocates public utility management. Some states feature direct
government control (such as the Tennessee Valley Authority), some allocate a single company for
each utility (such as Colorado), and some have a more open market unique to their state (such as
Texas). However, contemplating internet as a public utility without mentioning how other countries

manage internet and other utilities would produce in an incomplete analysis. Thus, I turn to the

European internet infrastructure.

2.3 Finding 3: The European Internet Infrastructure

Unlike in the US, where internet service providers compete over who has the best infrastruc-
ture and service, most European countries?® operate under a service-only competition model.?6 In

this model the government constructs and manages the physical internet infrastructure, allowing

23. Id.

24. Brasch, 2022; Triedman et al., 2021

25. While the United Kingdom has formally left the European Union, this thesis will consider the United Kingdom
a European country with regards to internet infrastructure.

26. Yoo, 2014
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companies to provide competing services using that infrastructure. Each apartment and house can
connect their chosen company’s adapter to a government provided rack connected to the country’s
internet infrastructure. Through this adapter, the internet provider can channel broadband via the
infrastructure to the equipped house. As an example of how competition may vary, Company A
might charge higher rates for quicker services, while Company B charges half the price of Company
A but provides slower internet access. However, both companies deliver their services through the
same infrastructure.

It is well documented that European internet lags behind the U.S. in terms of coverage and
speed.?” As of 2013, the FCC found that 83% of Americans had access to internet at a speed
of 25 Mbps or greater,?® while Europe achieved a 62% connectivity rate for the same speed.??
Furthermore, the U.S. tends to have faster advertised speeds, reporting a median speed of 150
Mbps compared to 100 Mbps in Europe.?’ However, the price of broadband is generally less in
Europe than in the U.S., with a 2020 report finding average European monthly prices to be $44.71

3L This supports the common arguments regarding private vs.

compared to $68.38 in America.
public services; the private sector tends to provide higher quality service, but the public sector is

often more affordable.

2.4 Conclusion

This background research illuminates a few insights regarding what makes a monopoly suc-
cessful. INTELSAT succeeded when it provided a common tool that made international commu-
nication easier and supported the needs of many parties, but it failed when terrestrial and space
technology eliminated the need for it. The U.S. public utilities system works well when the PUCs

are well organized and empowered to regulate and modernize the utility system as needed but

27. Yoo, 2014; Cooper, 2022; Downes, 2015; Gruber et al., 2014

28. 2015 Broadband Progress Report and Notice of Inquiry on Immediate Action to Accelerate Deployment, 2015.
25 Mbps (megabytes per second) is considered the standard for basic internet operation, hence its use as a benchmark
minimum usable speed.25 Mbps (megabytes per second) is considered the standard for basic internet operation, hence
its use as a benchmark minimum usable speed.

29. Downes, 2015

30. Chao et. al., 2020

31. Id.
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fails when PUCs lose power to political agendas or industry influence. Finally, the European in-
ternet infrastructure provides more affordable but delivers internet to fewer households then free
market internet does in the U.S. Building on these lessons, this thesis creates two potential regula-
tory approaches in an attempt to provide quality, affordable, and accessible satellite internet while

empowering regulatory bodies to enact modern sustainability norms.



Chapter 3

The Initial Frameworks

The US and Europe have different systems, each with their own strengths and weaknesses;
there are lessons to be learned from investigating both. In this section I will adapt the US public
utility and European internet approach to LSC regulation in LEO. I will present two approaches
for regulating an internet LSC within the US as part of a larger internet-as-utility framework, with
each reflecting one of the two infrastructure and regulatory approaches. These frameworks become
the basis of later interviews with experts and professionals, evolving with their feedback. Below

are the original approaches.

3.1 Approach 1: the U.S. Public Utility System (The PU Approach)

Modeling an internet-LSC after the U.S. public utility system centers on the U.S. government
giving one company exclusive rights to operate and provide internet from orbit.! In this approach
the monopoly would be contingent on providing a base level of utility and internet speed, ensuring it
remains competitive with land-based internet. Furthermore, access would be nation-wide, providing
the same quality internet to all regions and communities.

The company would be regulated by a national public utilities commission (PUC), either

located within an existing department like the Federal Communications Commission (FCC) or a

1. As I will discuss later in my Discussions section, this idea opens the door to the National Champion concept.
This is when each country or bloc (like the EU) promotes one satellite internet provider. These national champions
would then compete on the global satellite internet market, with consumers able to choose from among the various
networks. This would both provide competition while also limiting satellite buildup in orbit.
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new department. The PUC would:?
e Determine the market price for services, calculating operational costs,
e Determine the profit percentage the monopolist can charge relative to a break-even price,
e Negotiate and regulate the break-even price plus the profit percentage,

e Monitor and evaluate the monopolist, ensuring they abide by the required sustainability

and equity standards along with other regulatory requirements,

e Perform audits of where the LSC needs maintenance and upgrades, and adjust the monop-

olist’s percentage profit depending on the success or neglect of said monopolist.

Following current trends of satellite internet usage,® the focus would be on providing rural
and off-grid access to areas where terrestrial internet struggles to reach. Being part of an internet-
as-utility plan, satellite would fill in the gaps, hence the rural focus. Thus, the PUC would negotiate
rates comparable to urban and suburban fiber-optics. The PUC should have an odd number of
members, be appointed by the President, approved by the Senate, and hold positions for a set

4 The PUC’s members should be a mix of scientists, engineers, policy experts,

number of years.
and economists. Their goal would be to take a holistic approach to internet regulation, balancing

consumer desires, business needs, technical requirements, and scientific understanding of the space

environment to best determine regulations.

3.1.1 Expected Challenges

The primary expected challenges of the PU approach stem from government overregulation:

stagnation, monopolist abuse, and mismanagement. With the PUC’s members being Presidentially

2. These duties are based off the Colorado Public Utilities Commission (Public Service Company of Colorado
Electric Tariff Index, 2022) and a report conducted by the Brown University Climate and Development Lab on how
state utility commissions can affect the transition to clean energy (Triedman et al., 2021)

3. Cooper, 2022

4. There are concerns surrounding presidential appointments and public service companies, so suggestions on more
effective membership selection processes are welcome. Concerns rise from the politicization of the Postal service and
the Postmaster General.
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appointed and Congressionally approved, this framework runs the risk of political influence causing
mismanagement. Managing interest groups and party desires will be a struggle, requiring careful
bureaucratic protection. In the same vein, the nature of government risks this LSC falling prey
to needless bureaucracy. The lack of corporate competition, driven by profits and competitors,
increases the risk of mismanagement. Such mismanagement can allow slip-ups to occur, for the
monopolist to gain undue influence, and for standards to drop, harming the consumer.® Any PUC
would need to balance insulating itself from outside interest groups while remaining cognizant of
changes to technology, consumer needs, and the LEO environment.

Regarding the monopolist, its unique position allows it to unduly influence the PUC, lobby-
ing for favored rates and contracts that could harm the consumer. Furthermore, the monopolist
has few inherent incentives to innovate and develop new technologies, as no one can threaten its
monopoly. There are potential remedies, such as rewarding profit based on the development of new
infrastructure,® but this runs the risk of encouraging unnecessary development of new infrastructure
purely for the sake of profit. While the government should encourage the monopolist to develop and
implement new technology, infrastructure development without improvement risks counteracting
the very sustainability desires that spurred this form of regulation.

These are just a few of the roadblocks and challenges I expected to encounter through my

interviews. While I listed the major challenges above, some other possible roadblocks include:
e Congressional deadlock creating a commission lacking full membership,
o Existing satellite constellations providing similar services,
e Broadband congestion in urban areas,

e Accurate auditing of the monopolist and fair price negotiations,

5. For a poignant example of bureaucracy and corporate influence, see the 2019 scandal involving the Boeing
737 MAX, where ethics were compromised and the system fell prey to a single interest group gaining influence. See
Herkert et al., 2020 for a detailed description of the engineering ethics compromised by the 737 MAX certification
process.

6. This is how the State of Colorado allows Xcel Energy, its gas and electricity provider, to generate profits.
Xcel Energy breaks even on services and maintenance, but can net a profit from the construction of new energy
infrastructure. For specific details, see the Public Service Company of Colorado Electric Tariff Index, 2022.
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e Foreign competition from nations who act as flags of convenience (lax regulations to en-
courage investment).”
3.1.2 Conclusion

The PU approach is native to the U.S., derived from existing institutions for inspiration.
The next approach originates outside of the U.S., taking its principles from European countries

and applying them to the American political structure.

3.2 Approach 2: European Internet Infrastructure (The EI Approach)

This model attempts to apply the European internet infrastructure to the LEO internet LSC.
As such, the U.S. government would operate an internet-providing LSC, overseeing maintenance
and relevant updates such as new technology, higher speeds, and greater coverage. Through this
LSC, commercial entities could offer internet services, allowing for multiple companies to compete
for consumers and ensuring nation-wide access, fulfilling Article I. Each satellite would be equipped
with multiple broadcasting and receiving transponders, which companies can use to provide their
service. Consumers would then equip their chosen provider’s antenna (the rack-adapter of this
scenario) and receive service from their provider through this shared infrastructure. Funding for
this project would come from the taxpayer, however this could be recouped by offering additional
services internationally. Furthermore, contracting out the development and construction of the
LSC would help bolster domestic industry and employment.

The LSC would adhere to an open access agreement such that internet providers can use
the infrastructure to supply services to consumers and businesses. If the LSC were a highway,
the internet companies would be the freighter trucks delivering parcels to consumers. As with
highways, companies would pay a toll to use the LSC, a fee which would contribute to operation

and maintenance.® Under this open access agreement, the government could enforce net neutrality

7. However, as I will detail when discussing results from my meetings, this can be used as a solution to stagnation
and monopolist abuse.
8. As with most taxes, the cost of this tax would be borne by both the company and consumers, however with
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rules, preventing throttling and blocking of traffic for competition reasons and following a non-
discriminatory traffic management regime.? The direct control would also extend to implementing
sustainability regulations.

Regarding sustainability, this framework is the easier of the two to enforce. With the gov-
ernment controlling the LSC, it can enforce sustainability standards via law and policy, much akin
to the standard mitigation practices that U.S. missions currently follow.! In order to abide by
the sustainability metrics detailed in the next section, the U.S. would need to develop and imple-
ment more advanced SSA technology.'! A wide-scale adoption of SSA technology by a government
LSC would lower the cost of producing and purchasing said technology. This is where the greatest
strength of this framework lies, in setting precedent and developing SSA technologies for other
companies and countries to adapt, follow, and utilize. This is what is missing from the current U.S.
approach to debris mitigation guidelines, as a lack of precedent and implementable technologies

prevent widespread compliance.?

3.2.1 Expected Challenges

The most obvious challenge to this idea is the existence of U.S.-based internet LSCs such
as Starlink. For this approach to succeed, the government would need to purchase rights to or
nationalize existing constellations, something the U.S. has rarely done in modern times, although
there is precedent. Historically, the U.S. has only done this during times of war or extreme financial
strife. Considering the country’s aversion to government overreach and fear of socialism, such a
move would need to be extremely well-played and well-argued. While a market takeover in the
form of stock ownership exists for publicly traded companies, it is unlikely the U.S. government

would want to do this unilaterally without massive public support. It is more likely to negotiate a

the service-based competitive market driving prices companies would find this balance based off market prices.

9. Note that in the EU’s regulation there are three exceptions to these requirements: “compliance with legal
obligations; integrity of the network; congestion management in exceptional and temporary situations” (Detrekoi,
2018)

10. U.S. Government Orbital Debris Mitigation Standard Practices, November 2019 Update, 2019
11. See page 4 for a definition of space situational awareness (SSA)
12. Hitchens, 2020
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shared ownership with existing satellite internet providers, as done between the United Kingdom
and OneWeb.

There would also likely be pushback from the private sector, which does not want to compete
with the government. Americans tend to place the free market at a premium, not wanting govern-
ment interference outside of time of crisis. Americans historically have preferred venture-capitalist
backed endeavors, wanting the private sector to maintain control of revenue and costs. While des-
ignating internet as a utility may alleviate some aspects of this problem, a continued cultural shift
among influential Americans preferring a larger and more involved government might be required
to cement this approach’s success.

While these are the two major roadblocks I expect to encounter, some other challenges may

include:

e Competition with other public/taxpayer funding for development and launch; it would need

a secure way to gain back expenditures,

e US government’s historical inefficiency and history of cancelling projects,

e Contracting vs in-house for development, risk of contracting reliance for satellites, large

financial burden.

3.2.2 Conclusion

This method is a proven success for terrestrial internet, supporting most of Europe’s internet
economy today. Whether this approach could be successful in the U.S. will depend upon the
willingness of politicians and their business partners to support a government-controlled internet
infrastructure. If successful, this model could expand into U.S. terrestrial internet, combining the

vast existing internet infrastructure with greater oversight and regulation.
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3.3 Sustainability Goals

One of the objectives of these proposed approaches is to increase the sustainability of the
LEO environment. Over the last 15 years the number of active satellites and ensuing debris has
spiked, with objects above 100 kg increasing by a factor of 7 and objects above 10 kg by a factor of
10 or more.'3 Between 2019-2021 the number of active and inactive satellites in LEO has increased
by more than 50%.'* The existing U.S. orbital debris mitigation standard practices (USODSMP),
while last updated in 2019, have gone mostly unchanged since 2001,'® with many of the critical
requirements still unchanged. There has been a sustained call from industry and academia to
update these practices to reflect the current state of LEO.'® At the same time, there is no way for

the U.S. to enforce its existing standard practices once a satellite is in orbit,”

resulting in less than
50% of operators following the USODSMP in its current form.'® And with the value of the space
industry expected to continue growing into the future,'® there is no better time than the present
to improve the sustainability of LEO.

Pulling from my background research, I have chosen five sustainability goals to use as metrics
of success. Each regulatory approach will be judged based on how well it can satisfy these sus-

tainability goals. These goals are intended to address five major problems present in the existing

USODSMP. They are as follows:

(1) Establishing a maximum risk tolerance regarding conjunctions and standardizing how oper-
ators assess risk. This targets miscommunication regarding collision avoidance and differing

assessments of how risky a conjunction may be.

13. McDowell, 2020

14. Id.; Boley & Byers, 2021

15. U.S. Government Orbital Debris Mitigation Standard Practices, November 2019 Update, 2019

16. Boley & Byers, 2021; Christensen, 2016; Chow, 2018; Davies & Woodburn, 2021; Foust, 2021a; Kahn, 2021;
Lewis, 2020; Macaire, 2017; McDowell, 2020; Mitigating Space Debris Generation, 2022; Rao, 2019; Space Sustain-
ability Infographic, 2022; Undseth et al., 2020; Young, 2007; Pardini & Anselmo, 2021

17. Smith, 2018

18. Hitchens, 2020

19. Commercial Space Activities, 2021; Jones, 2018; Lag, 2019; Low Earth Orbit (LEO) Satellites Global Market
Report 2022; 2022; Rao, 2019; Roberts, 2020; Space-Based Broadband Internet Market — A Global and Regional
Analysis, 2021; Start-Up Space 2020, 2020; Undseth et al., 2020; Weinzierl, 2018
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(2) Mandating standard transponder tracking, requiring that all satellites have active transpon-
ders attached so their location can be precisely determined by other operators. This ensures
that other operators know the location of all satellites in their proximity and desired orbital,

decreasing unknowns and increasing the capacity of each orbital.

(3) Tightening of deorbiting protocol, in particular reducing the 25-year rule to five years or
less. This goal aims to decrease net congestion by more rapidly removing satellites once

their mission has ended.

(4) Increasing the durability of satellites to minimize shedding debris and mandating reusable
rockets for launch. Having more secure satellites that shed fewer parts and using reusable
launch vehicles will lead to a reduction in debris propagation, specifically high-velocity

particles too small to track with telescopes.

(5) Mandating standard propulsion requirements such that all satellites have a base-level of
maneuverability to avoid debris and collisions. This allows operators to determine more
easily who should move in the case of a conjuncture as well as ensure all satellites can

maneuver around incoming debris.

These five goals do not address all sustainability objectives;?° however, if a regulatory ap-
proach can accomplish these goals, it can likely accomplish the rest (such as active debris removal).
In addition, these goals were intentionally left open-ended in their final execution, as each regu-
latory approach will tackle these goals in its own manner. Furthermore, defining exact criteria
for each goal would be a foolish task, as the space sustainability community is still debating the

metrics of success as well as how to accomplish each goal.

20. For a detailed generalized sustainability framework, see the U.N. Long-term Sustainability Goals for Outer
Space Activities (United Nations Office for Outer Space Affairs 2021 Annual Report, 2022).



Chapter 4

Methodology

As discussed earlier, this thesis employs a qualitative analysis, collecting data through a series
of interviews with relevant experts. These interviews were non-anonymous, semi-scripted, and
recorded. As the data relies on the authority of experts, I kept these interviews non-anonymous.
Guided by the historical lessons from INTELSAT, the current state of LEO activity, and the
existing regime of space policy and law, I drafted a series of questions intended to spur productive
conversation. I presented each expert with the same preamble, set of questions, consent form,
and preliminary framework. The preamble and questions can be found in Appendix B with the
interview briefs, and the consent form and preliminary framework in Appendix C.

I designed these questions to be conversation starters, seeking back-and-forth discussions
focused on each participant’s expertise. I encouraged participants to ask their own clarifying
questions, as I did the same. The interviews were designed to last between 30-45 minutes, however
some extended longer at the participant’s request. Through my questions, I had the participants

judge each regulatory approach on three categories:

e Efficiency — How well each approach can maximize the productive use of LEO and the

quality of the internet product.
e Equity — Ensuring fair access to space and the internet product being regulated.

e Sustainability — How durable these regulations are in keeping LEO a viable, safe, and

marketable operating domain in the long run according to the five goals listed above.
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I recruited participants through two methods: I either had a pre-existing connection, or they
were referred by a mutual third party, often by another participant. Each participant filled out a
consent form agreeing that their name, position, and comments could be used in this thesis. These
comments were then compiled and analyzed in isolation and in holistic context.

In the next section I will breakdown the results from each interview, setting the stage for

analysis of the discussions.

4.1 Participants

e Chris Kunstadter— Global Head of Space at AXA XL. Mr. Kunstadter specializes in space
insurance, activities, and their associated risks, seeking to use risk analysis and insurance

to make space a safer place.!

e Dr. Brian Weeden— Director of Program Planning at the Secure World Foundation. Dr.
Weeden directs strategic planning for future-year projects to meet the Foundation’s goals
and objectives, and conducts research on space debris, global space situational awareness,

space traffic management, protection of space assets, and space govemanee.2

e Daniel Oltrogge® — Center for Space Standards and Innovation Director and Director, COM-
SPOC Integrated Operations, COMSPOC Corporation. Mr. Oltrogee is the Director of
Ansys Government Initiative’s Center for Space Standards and Innovation research group
and Program Manager for Space Data Center, providing on-demand SSA for global space

community spanning all orbit regimes, including 60% of operational GEO satellites.*

e Dr. P.J. Blount — Lecturer in Law in the School of Law and Politics at Cardiff University.

Dr. Blount’s primary research areas are international space law, with a focus on space

security and cyberspace law and governance.’

1. Mr. Kunstadter’s interview, introductions

2. Dr. Brian Weeden — Secure World Foundation, n.d.

3. Mr. Oltrogge provided a written response to my script. Our conversation expanded on particular answers he
provided.

4. Oltrogee, 2022

5. PJ Blount Cardiff University Bio, n.d.
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e Dr. Darren McKnight — Senior Technical Fellow at LeoLabs. Dr. McKnight focuses on
developing technical solutions and encouraging global behavior that leads to sustained space
operations assurance through limiting the risk of debris collisions hazard to space systems

in Earth orbit.®

Note: for the remainder of this thesis I will cite interviews in this fashion, ”Participant’s

Interview, Question Number. For example: Mr. Kunstadter’s interview, Q2.1.7

6. Dr. Darren McKnight LeoLabs Bio, n.d.

7. P. J. Blount, personal communication, August 1, 2022; C. Kunstadter, personal communication, July 6, 2022;
D. McKnight, personal communication, August 18, 2022; D. Oltrogee, personal communication, July 21, 2022; B. C.
Weeden, personal communication, July 12, 2022.



Chapter 5

Analysis

From my discussion with the five experts, I’ve determined that neither of my
potential frameworks are viable today in the United States in their initial form. How-
ever, they may be viable in partial form or if modified, and I believe there are mer-
its to regulating internet as a utility. The effects of both approaches on potential
sustainability regulation can be applied to other regulatory frameworks, particularly
with regards to standardizing technology and mandating greater compliance through
greater government oversight.

Both frameworks would ensure internet access for poorly serviced rural areas, the success of
a satellite constellation, consistent and fair prices, emergency government operation and control
in times of crisis, and reduce the number of satellites in orbit. Even so, all experts are concerned
that the PU approach! would stifle competition. Dr. McKnight is uncomfortable with lack of com-
petition, noting that “competition is what usually improves performance and improves service.”?
Dr. Weeden and Dr. Blount cite a lack of existing enforceable infrastructure restrictions typical of
utility creation, with Dr. Blount attesting that the government would have to “create the reason
in order for there to be a monopoly”.? The EI approach received similarly mixed reviews. For

example, Mr. Kunstadter recognizes the benefits of government standardization but struggles with

balancing the serviced-based competition against the risks of a single-source, government-operated

1. Twill reference the U.S. Public Utilities approach to an internet LSC as PU and the European Internet approach
as EL

2. Dr. McKnight’s interview, Q1.2B

3. Dr. Blount’s Interview, Q2
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infrastructure.?

Both approaches would be successful at implementing sustainability norms within the U.S.,
particularly reducing the total number of satellites in orbit and the price of standard collision avoid-
ance technology. According to Dr. Weeden, “neither [approach] has an inherent advantage over the
other”, a claim countered by Dr. Blount, who notes that that “the PU model. .. is more suited for
sustainability. .. [because| it actively reduces the number of satellites in orbit”. Regardless, both
approaches succeed in enforcing sustainability standards. In addition, both approaches allow for
quicker updating and revision of these sustainability standards as conditions in LEO evolve. This
ability is crucial for maintaining a sustainable LEO environment, as the failure to easily address
and update sustainability standards is one of the largest flaws in today’s sustainability regulations.
However, since neither of these approaches extend beyond the bounds of U.S. law, Dr. Blount
rightly raises concerns about the ‘free space’ issue, with other constellations outside of the U.S.
abusing the U.S.’s self-restriction.

From these discussions came potential variations of my frameworks: a National Champions
model, a Partial Government Ownership of internet LSCs centered around the PU approach, and
a regulated Interoperability Framework inspired by the EI model, courtesy of Dr. Weeden, Dr
McKnight, and Mr. Oltrogge respectively.” Of all the approaches and variations, I believe
the Interoperability Framework is most viable and widely acceptable while accomplish-
ing the needed efficiency, equity, and sustainability goals. Furthermore, establishing a
government internet LSC within the Interoperability Framework may help to lower the
price of satellite internet and provide faster speeds, forcing the competition to lower
their prices and innovate new technologies. I will consider the responses to both frameworks,
identifying their strengths and weaknesses, and follow with a discussion of potential variations to
each approach. I will then revisit the concept of internet as a utility, applying evidence collected

in the interviews to examine its viability.

4. Mr. Kunstadter’s interview, Q2.1, 2.2, & 5
5. Note: Italics indicate the variation’s label. For example, ” National Champions” refers to the entire variation
while the standard ”national champion” refers to the chosen organization.
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5.1 The Public Utilities Approach

5.1.1 Strengths

The PU approach would keep operations under private control, allowing the monopolist to
seek efficiency and innovation in the pursuit of greater profit.> Dr. McKnight, although maintaining
the preference for no monopoly, notes that if the internet LSC is “owned by [a] private company”
it would operate with less bureaucratic drag, potentially increasing efficiency and cost-effectiveness
compared to the EI approach. If the PUC bases its rates off terrestrial internet prices, this drive
for greater profits would, by classical economic theory, encourage the monopolist to innovate and
increase efficiency. Furthermore, Dr. McKnight points out that the greater flexibility of a privately
operated LSC would allow for quicker reaction times when non-national security crises arise, as
there is less bureaucracy to manage.” I note that the desire for private operation falls in line with
the traditional U.S. mentality of preferring private control of goods and services, a benefit which Dr.
Blount believes makes the PU approach slightly more viable over the EI approach.® Dr. McKnight
believes it would be easier to convince Congress to implement a privately managed utility rather
than a government-based program.’ In addition to ideological reasons, Congress may be able to
offload much of the work to its private partner. Perhaps most importantly, there already exists
a fully functioning internet LSC in LEO: StarLink. Should Congress wish, Mr. Oltrogge points
out that they could grant monopolist rights under the PU regime to StarLink at any time.'® The
shorter implementation time and private operation allowed in the PU approach made this approach
the preference of Mr. Oltrogge and Dr. McKnight.

The advantage of a public-private partnership extends to regulating sustainability standards.
Dr. Weeden and Dr. Blount both commend the PU approach’s fusion of government regulation and

business practicality with regards to establishing and enforcing sustainability standards. They note

Dr. McKnight’s interview, Q2.1
Id.

Dr. Blount’s interview, Q5.1
Dr. McKnight’s interview, Q5
Mr. Oltrogge’s interview, Q2.1

COLXIP

=
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that the PU approach would demonstrate that private companies can operate an LSC according
to modern sustainability norms'' while being informed by business practices.!? In theory, the
monopolist would strive to lower its operational cost as much as possible. In doing so, they would
seek to launch the minimum number of satellites needed to achieve its service goals. In the EI
approach, the government has less of an incentive to maximize each satellite’s efficiency, as the
burden of cost overruns fall on the taxpayers. Dr. Blount confirms that “the PU model. .. actively

reduces the number of satellites in orbit” more so than the EI approach.!?

5.1.2 Weaknesses

The biggest weakness of the PU approach is its lack of competition. Mr. Kunstadter worries
that regulation of an internet LSC like a public utility would create the same problems as regulation
of the airlines in the ‘70s and ‘80s did, when fixed profit margins proved to be a barrier to lower
prices and better services.' In his words, if “the heavy regulatory layer... didn’t help civil
aeronautics”, then why will it help with managing LEO? While I see his point, I would argue that
airlines don’t have to contend with a similar spatially limited environment and were bound by
a more established international operational regime than exists in LEO. Furthermore, planes are
temporary inhabitants of the sky, while satellites occupy space for years. Similarities exist between
the industries, and there are valuable lessons to be learned from the over-regulation of airlines, but
the physical differences in environments limit the value of direct comparison.

Mr. Kunstadter also fears the monopolist will try and vertically integrate, controlling every-
thing from R&D through to operations.'®> We currently see this with SpaceX, which can develop,
launch, and operate entirely in-house. While the desire to increase profits can lead to innovation
by a monopolist, Mr. Kunstader argues that the open market would make innovation a ‘must have’

rather than an option. Should competition be introduced, the former monopolist would need to

11. Dr. Blount’s interview, Q3.1

12. Dr. Weeden’s interview, Q3

13. Dr. Blount’s interview, Q3

14. Mr. Kunstadter’s interview, Q2.; Kahn, 1998
15. Mr. Kunstadter’s interview, Q2.
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innovate or risk losing business. He states plainly that the PU approach would “definitely [stifle]
competition, not just in operators but in satellite manufacturing”, a claim that I must agree with in
concept. Mr. Oltrogge shares Mr. Kunstadter’s concern, noting that a poorly regulated monopoly
“can stifle innovation and. .. limit the quality of service that the customer is able to obtain.” 6 The
government could solve this problem through performance reviews and rigid quality standards, as I
referenced in my original framework, but the PUC would need to be extremely insulated from the
interests and influence of the monopolist. Otherwise, this regulatory approach risks falling into the
same trap as the Boeing 737 MAX incident, where industry influence created a failed and deadly
product.”

In addition to the lack of competition, Dr. Weeden notes that “if we are going to adopt
either of these two solutions we would essentially have to go and tell the other companies to [either]
remove their stuff from space” or let the government buy out its satellites.'® On top of this, the
U.S. would need to revoke any planned launches for competing U.S.-based internet LSCs. He is
rightly concerned that this would receive incredible industry pushback and require extreme action

by Congress; he does not believe that the political momentum and public support would be there

for such a dramatic move.

5.1.3 Variations

As noted above, one of the largest weaknesses of the PU approach is its lack of competition.
However, it does not prevent international competition. Internet LSCs from other countries can still
offer their services within the U.S., as the orbits of other LSCs pass over the western hemisphere.
Dr. Weeden points out that government-sponsored internet LSC can compete against each other on
the international market, describing this as the National Champions approach.'® If participating
countries each agree to have one national champion that competes on the international market,

all agreeing to sustainability standards, then this would provide competition and improve the

16. Mr. Oltrogge’s interview, Q2.2
17. Herkert et al., 2020

18. Dr. Weeden’s interview, Q2
19. Dr. Weeden’s Interview, Q2.1
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sustainability of the LEO environment. The international competition would also allow the return
of a for-profit system, encouraging innovation. Meanwhile, government sponsorship would allow
national PUCs to moderate prices and monitor sustainability practices. Furthermore, this would
allow countries to maintain access to a flexible, non-terrestrial, and protected internet highway.

When presented with this variation, Dr. Blount noted how the National Champions model
could prevent the “free space” issue from arising if applied internationally.?? In short, the free space
dilemma is the fear that other actors will abuse the self-restraint of others to greater exploit a shared
resource. If countries agree to compete among government-sponsored internet LSCs, then there are
fewer parties that need to be consulted when making international sustainability commitments,
decreasing the chance of a free space free-rider.

Dr. McKnight argues that there could be a national security imperative to have satellite
internet under partial government operation. In the case of crisis events like space weather, hacking,
and military conflict, he suggests it might be wise to have 15% of infrastructure owned and operated
by the government for emergency internet access. As we have seen in the Ukrainian conflict,
StarLink satellite internet has been crucial in delivering needed information, and as a result suffering
hacking and jamming from the Russian government.?! Relevant to the U.S., the government could
use this emergency internet capability to provide communication in disaster zones for easier search
and rescue, as happened with Starlink during Hurricane Ian.??

Although Dr. McKnight recognizes that the National Champions approach does allow for
protected emergency satellite internet, he questioned whether “it has to be one or the other”
— whether it must be either a government sponsored monopoly or a commercial free-for-all.?3
Countering Dr. Weeden, Dr. McKnight put forward the idea of Partial Government Ownership

for all internet LSCs. This seeks to address the lack of competition as well as the self-imposed

handicap against competing international LSCs by having the government become a participant in

20. Dr. Blount’s Interview, Q2.2
21. Duffy, 2022

22. Singh, 2022

23. Dr. McKnight’s interview, Q5.1



30

each CSO’s LSC. If Congress chooses to empower the FCC accordingly, part of the licensing process
could include the U.S. government optioning to own and operate a minority quantity of the internet
LSC.2* The company would then reserve a percentage of satellites (15%) for exclusive government
use. This would allow the U.S. government to protect satellite internet from external stimuli such
as space weather, hacking, and emergency internet deployment, or to use its share for cost-assisted
internet programs, providing internet for those who cannot afford market prices. Through this
usage, the government could more easily enact the five sustainability goals, requiring the propulsion
and transponder technology for operational reasons and the launch, risk tolerance, and deorbiting
standards for security reasons. This would allow for multiple U.S. satellite internet companies
to exist in LEO while still achieving the listed sustainability goals. However, I am concerned by
Dr. Blount’s comments on the PU approach which highlight the largest sustainability loss due to
partial government ownership: there would be duplicate internet LSCs, resulting in increased traffic
and congestion.?> The Partial Government Ownership variation fails to reduce the net number of
satellites in orbit as it allows multiple competing internet LSCs. Unless this variation includes
greater regulation to ensure that CSOs launch the most efficient number of satellites, minimizing
redundant satellites, this variation fails to accomplish one of the key sustainability goals. I see this

variation needing more research to conclude whether it can reduce unnecessary congestion.

5.1.4 Conclusions

There are aspects of the PU approach that are valuable, but it is not viable in its current form.
It keeps control in the hands of the private sector while allowing greater government oversight for
sustainability regulations, equity requirements, and negotiated usage rates. However, it eliminates
competition. It also poses a massive legal and logistical challenge, with the establishment of a
single monopoly requiring the take-over and license-revoking of other internet LSCs. If the U.S.

government wanted to apply the PU approach, then the National Champions variation holds real

24. Id.
25. Dr. Blount’s interview, Q3
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potential since it allows for international competition, forcing the U.S. company to innovate with
the support of government investment. If regulators want to take a softer stance, then the Partial
Government Ownership variation remains an option. This would allow regulators to reap the
benefits without losing competition. Looking into this variation with Dr. Blount, I realize this
would come at the cost of no direct moderation of the LEO population, negating a key purpose of the
increased government control. The PU approach is a moderate form of government control, one that
may be more palatable to influential Americans but faces heavy legal obstacles. However, should
government control become politically viable, then new possibilities for regulation emerge. To
explore the results of total government infrastructure control, this thesis investigates the European

Internet approach.

5.2 The European Internet Approach

5.2.1 Strengths

The EI approach addresses the PU approach’s greatest weakness: it “helps facilitate... some
level of competition”, an advantage highlighted by Mr. Oltrogge.?6 Multiple internet providers can
use a shared satellite network, competing on service instead of infrastructure. Such competition can
encourage serviced-base innovation, such as maximizing broadcast efficiency, antenna technology,
and provider capability. Mr. Kunstadter echoes Mr. Oltrogge’s recognition of the benefits of
competition, noting that the serviced-based model will provide consumers with choice.?” Building
upon their consensus, Dr. Blount notes that the government-provided infrastructure combined with
service-based competition forces prices towards a market equilibrium. In theory, this should result
in prices lower than an infrastructure-based competition model would produce.?® He also adds that
the open-access infrastructure of the EI approach would allow the U.S. government to ensure fair
and protected internet access, establishing a more diverse and accessible internet infrastructure.

In the same vein, Mr. Kunstadter points out that more government control would allow

26. Mr. Oltrogge’s interview, Q3.1
27. Mr. Kunstadter’s interview, Q5
28. Dr. Blount’s interview, Q5
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for easier implementation of sustainability goals.?? The LSC would likely fall under control of
the FCC, which would establish the sustainability regulations. The government’s operation of
the LSC would set a precedent for the satellite industry at large, demonstrating the feasibility of
sustainability goals. If the government sets a maximum risk tolerance and deorbiting timeline,
creating and legitimizing a consistent set of sustainability regulations, industry will likely follow
its precedent.® In particular, “having [an equipped] government monopoly. .. will bring down the
costs” of tracking transponders and propulsion devices, as highlighted by Mr. Kunstadter.3! The
equipment that the government LSC purchases for its satellites will lower manufacturing costs for
the rest of the industry. This would remove notable financial barriers formerly preventing private
companies from equipping modern collision avoidance technology, increasing the sustainability of
LEO across the board. Direct government ownership would guarantee satisfaction of equity and
sustainability criteria and facilitate a new form of commercial competition through service-based

internet packages.

5.2.2 Weaknesses

All three of the participants actively working in the private sector (Mr. Kunstadter, Mr.
Oltrogge, and Dr. McKnight) fear that government control will be inefficient and more expensive
than private control,3? while Dr. Weeden expressed concern that America’s fear of government
control may be too difficult a barrier to overcome.?® Dr. McKnight believes that the lack of profit-
incentive and the complexity of government bureaucracy would “lead to over-budgeted costs and
[a] loss of efficiency”, barriers to deploying and maintaining a complex technical system.?* The
slower rate of innovation could mean that service providers don’t find a satellite arrangement or
set of capabilities that best fit their desired product. Although Dr. Blount recognizes the potential

of the EI approach, he cautions that unless the constellation is properly planned out and updated

29. Mr. Kunstadter’s interview, Q3

30. Chambers, 2009

31. Mr. Kundstadter’s interview, Q3

32. Mr. Kunstadter’s interview, Q2.2; Mr. Oltrogge’s interview, Q2.2; Dr. McKnight’s interview, Q2.2
33. Dr. Weeden’s interview, Qb

34. Dr. McKnight’s interview, Q2.2
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regularly, the LSC may not meet the evolving needs of the service providers.?® He details how the
satellites would need to be modular, adapting new transponders and antennas over time, or be over-
engineered to accommodate future service providers and their needs. Both would require additional
funding, whether from taxpayers or businesses. To overcome the political squabbling that would
ensue, there would need to be a restructuring of the way the U.S. licenses and regulates satellites,
either vesting greater authority in the FAA and FCC or consolidating these new responsibilities in
a single organization.?® Both options require additional administrative costs in terms of funding
and time spent properly structuring such a regulatory body.

Reinforcing and restructuring regulatory power are not the only costs associated with a shift
towards government ownership of internet LSC infrastructure. Dr. Weeden’s acquisition problem
rings as true for the EI approach as it does for PU: the U.S. government would need to buy out or
nationalize existing internet LSCs such as StarLink.3” While possible, Dr. Blount and Dr. McKn-
night point out that this would require a seismic shift in tolerance for large government programs
and the nationalization of companies among influential Americans and representative in power.3®
Steve Lohr of the New York Times wrote in 2008 that the U.S. has historically disliked large gov-

39 with existing programs

ernment programs outside of times of war or intense economic stress,
under constant threat of cancellation or defunding.*® While there is a cultural shift towards larger
government among members of the Democratic party, as seen in the rise of Democratic Socialists
in Congress,*! this is far from the majority. To make the EI approach feasible as initially pro-

posed, it is clear to me that the U.S. would require a greater cultural and political tolerance for

government-controlled industries.

35. Dr. Blount’s interview, Q2

36. Id.

37. Dr. Weeden’s interview, Q2

38. Dr. Blount’s interview, Q5.1; Dr. McKnight’s interview, Q5.1

39. Lohr, 2008

40. See the repeated attempts by the Republican party to defund or cut back entitlements for a cultural under-
standing.

41. Lowery, 2020
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5.2.3 Variations

When discussing the EI approach, Mr. Oltrogge proposes a different “flavor”, one centered
around an interoperability framework.*? In short, the government would define the framework
in which the LSCs operate, allocating the orbital corridors in which each LSC can reside. This
would limit buildup in each corridor, and if there are limitations based off the corridor’s position
and ITU broadband allocation,*3 then it’s on the company to innovate accordingly. Instead of
the government providing a shared LSC through which service providers can use transponders
attached to each satellite, the government ‘owns’ the orbital corridors** and operators can claim
those as their transponders/racks. In contrast to the government owning the satellites, Mr. Oltrogge
emphasizes that his Interoperability Framework “allows multiple LSC operators to live within that
framework but in constrained and pre-coordinated ways”, swapping them out and upgrading as
needed. Meanwhile, the control and classification of the orbital corridors for specific uses empowers
regulators to tailor sustainability regulations for each orbital. The interoperability framework could
include standards of communications, crosslinks between orbit regimes, maximum orbital capacity,
different altitudes serving different parts of space infrastructure, and criteria on how to best allocate
corridors.

With the Interoperability Framework, multiple internet LSCs can exist in safe, tightly regu-
lated spaces while competing on both infrastructure and service, a selling point discovered through
back-and-forth conversation with Mr. Oltrogge. LSCs will have the ability to innovate within the
regulations provided by the U.S. government and the constraints of the orbital corridor’s broadband

allocation as detailed by the ITU. 4°

42. Mr. Oltrogge’s interview, Q2.1. This and his response to Q5 will be the primary interview sourced for this
section. It should be noted that Dr. Blount also supports this concept, as cited in his answer to Q5.1

43. Regulation of Global Broadband Satellite Communications, 2012; International Telecommunications Union Ra-
diocommunications Sector Mission Statement, 2022

44. Within the current international regulatory framework, the U.S. government would need to apply for these
orbitals and their respective frequencies through the ITU as well as apply for a set number of satellites in each.
This would give them the international standing to operate within these orbitals and use the associated broadcasting
frequencies. The size of the orbital, the size of the constellation, and the allowed frequency would all be restrictions
within which the commercial LSC operator must innovate and adapt.

45. This concept can be expanded internationally if desired; countries could agree to empower the ITU to allocate
specific orbital corridors to specific uses across nations, uses such as internet LSCs, assigning the corridors to operators
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Since the government regulates these corridors, they could set appropriate sustainability
standards, updating as needed over time. The US can vary these requirements based on the
conditions of each corridor, as the intensity with which all five sustainability goals need be applied
will vary based off altitude and existing capacity. For example, a corridor at 350 km will have fewer
end of life propulsion requirements than a corridor at 600 km. Control of the corridors would also
allow the U.S. government to monitor and enforce the sustainability regulations that the operator
agreed to before launch. As of right now, there is “no regulation of on-orbit operations by the
FAA or any agency”,*6 so once a constellation is in orbit, no U.S. agency monitors the satellite and
ensures that operators follow the agreed regulation.*” Should the U.S. set up this interoperability
regime, it would have an easy way to monitor and ensure that operators behave appropriately.

This variation on the EI approach does have weaknesses. The international community,
specifically the I'TU, would have to accommodate the U.S.’s preference for specific orbital corri-
dors and frequencies for its LSCs, an issue that has been historically controversial.® However,
if the international community follows suit, establishing their own orbital corridors and/or shar-
ing parameters, then not only will there be a new standard for global LEO sustainability norms,

but a more comprehensive structuring of LEO’s capacity and usage. I find this idea to be very

encouraging.

5.2.4 Conclusion

The EI approach holds the potential to accomplish every goal, but its success depends on its

execution. Shifting from a privately-owned infrastructure to one owned by the government requires

directly. This, however, would need additional international momentum and is outside the scope of this thesis beyond
being mentioned. Currently, the ITU can only regulate broadband frequency. However, this power has the added
effect of limiting which orbits satellites can use, as they must avoid sharing an orbital with satellites communicating
on the same frequency.

46. Smith, 2018

47. In the EU, the EU SST monitors the behavior of operators from member state, so there is precedent to follow
should the U.S. wish to monitor the behavior of its operators (Services — EU SST, 2022)

48. For examples of controversial preemptive claims of orbital space, see Tonga’s attempted claim of 16 geostationary
satellite spots (detailed in an Edmund L. Andrew’s Dec 1990 article in the New York Times) and the international
backlash to the filing for 300,000 satellites by the Rwandan government in 2021 (as reported on by Jeff Foust in
SpaceNews on Dec 14th of that year).
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careful planning, structuring, organizing, and implementation. This will likely require a shift in how
the U.S. government operates and could involve a steep learning curve, and it will be expensive; the
biggest barrier to the EI approach is the government itself. If the government wishes to accomplish
similar goals but cede control over the LSC(s) to CSOs then it should establish an interoperability
framework. This would still require an overhaul of how the U.S. allocates orbital space and how
it regulates operators, but it would allow for increased influence over operator behavior and the
orbital population while still allowing for competition and innovation. Even with this reduction
in overall control, the government could set standards for internet access and distribution across
its orbitals, requiring CSOs to reserve a percentage of internet capacity for those in marginalized
or impoverished populations, and redirect internet to disaster zones in times of crisis. Of all the
approaches and variations, I believe the Interoperability Framework is most viable and
widely acceptable while accomplishing the needed efficiency, equity, and sustainability

goals.

5.3 Revisiting Internet as a Utility

Both of these frameworks hinge on the idea of internet becoming a utility, recognizing that
the internet is a necessity of modern-day life that must be protected from exploitation and provided
to all. Every participant acknowledged the importance of internet to the function of daily life and
the expectation that it will be available. Dr. McKnight humorously illustrates this point with an
analogy to “utilities” at Starbucks: “If you go to Starbucks and use the internet. it’s like using light:
you don’t get charged for light, you don’t get charged for water, for using the toilet!”*? Every expert
recognizes the gap between urban internet availability, quality, and price when compared to rural
internet, and that something must be done to address this divide. However, the experts also note
the importance of competition to provide quality service and support innovation. A company could

offer 5G broadband streaming as an alternative to cable-internet (a technology Dr. Blount used

49. Dr. McKnight'’s interview, Q1.2B
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in the past),’ or someone could source internet from a satellite, as this entire thesis details. The
dichotomy of internet being necessary for modern life and unequal in its availability, quality, and
price, combined with the need for competition to provide innovation has led me to a conclusion not
explicitly stated by any participant but one drawn from comparing their responses: a government
internet option. I suggest that there should be a government option to compete against commercial
providers, at the local, state, or if satellite-based, national level.

This may seem similar on its face to the Affordable Care Act and the government option for
healthcare,® however there is ample evidence to suggest that this is not an exact copy. Municipal
internet already exists across the U.S., where local governments establish non-profit companies
to compete against commercial providers.®> In Longmont, CO the city operates and manages its
own fiber-optic internet company as a nonprofit, offering equal or quicker internet speeds than
its fiber-optic competitors at lower prices across the board.?® The same situation plays in other
Colorado cities, including Fort Collins, Loveland, and Estes Park. Colorado is not alone in this
development: municipal internet is sprouting up across the U.S. as local governments compete
against private businesses. These publicly-owned networks often beat commercial competitors in
price®® and speed.?® Having competition from local governments who treat internet as a utility
appears to work.

This concept can be applied to satellite internet and its focus on rural areas. A government
internet alternative may help to lower the price of satellite internet and provide faster speeds, forcing
the competition to lower their prices and innovate new technologies.’® Of all the variations on my

initial PU and EI frameworks, the concept of government competition best suits the interoperability

50. Dr. Blount’s interview, Q1.1

51. Affordable Care Act, 2010

52. Institute for Local Self-Reliance, 2021

53. CenturyLink Internet Plans, 2022; NextLight Residential Internet Plans, 2020; Xfinity Internet Plans, 2022

54. Talbot et al., 2017

55. Snapshots Fact Sheet, 2021

56. For reference, StarLink costs $110 a month in addition to a $599 upfront cost for in-home setup while boasting
download speeds of 50-250 Mbps and upload speeds of 10-20 Mbps (Gerhardt, 2022). As stated by every participant,
competition will force lower prices, faster speeds, and higher quality internet. As municipal competition alludes, a
government alternative for satellite internet would accelerate this process.
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framework.5” One of the orbital corridors could house a government-owned internet LSC, competing
with commercial entities occupying other corridors. Pulling from terrestrial comparisons, this
would help lower prices while forcing innovation. And since the Interoperability Framework creates
specialized sustainability regulations for each corridor, this addition would cause minimal disruption
to the overall sustainability of LEO. In fact, it could provide a baseline against which CSOs must
compete and would set an example for what behavior the government expects from each orbital
corridor.

This thesis, and its collected data, points to the internet being a utility, but not in the same
manner as electricity, sewage, and water. Rather, the rational for making internet a utility is the de-
sire to ensure affordable, accessible, and quality access to all citizens through a combination of com-
mercial and government providers. If policymakers desire intranational competition among
internet LSCs, the most logical route may be to implement the textitInteroperability

Framework while reserving an orbital corridor for a competitive government-LSC.

57. The National Champion variation of the PU approach is less flexible in accommodating government competition,
as any intranational competitor would by nature break the concept of a national champion. Regarding the Partial
Government Ownership idea, the addition of a governmental competitor would turn the concept into a weakened and
arguably less-effective form of the Interoperability Framework.
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Conclusion

This thesis began by asking whether the U.S. could regulate an internet LSC like a monopoly
in such a manner that the LSC offers quality nationwide internet, implements modern sustainability
norms, and keeps costs low without overly stifling innovation. Postulating internet as a utility,! I
drafted two frameworks, one based on the U.S. public utility system and one inspired by FEurope’s
internet infrastructure. I presented these two regulatory approaches to five experts in space indus-
try, law, policy, and sustainability, soliciting their opinions and criticism in one-on-one interviews.
The quality and detail of each conversation surpassed my expectations.

From these conversations I have determined that neither of my original regulatory
frameworks are currently feasible for implementation within the United States.? The
Public Utilities approach would stifle competition beyond an acceptable level and faces roadblocks

revoking the licenses of unlaunched competitors to the likely monopolist: StarLink. Meanwhile,

1. See the criteria for being considered a utility explained in the introduction and revisited in my discussion section
“Revisiting Internet as a Utility” for clarification if needed.

2. It is worth mentioning that the proposed original PU and EI approaches may find further success in fields
outside of internet LSCs. Each expert gave alternative applications on where they see a government-supported
space monopoly succeeding, with Earth imaging, weather data, and scientific constellations all receiving interest.
Dr. McKnight and Mr. Oltrogge both highlighted Earth imaging as a potential successful application of the PU
approach. With its ubiquitous and increasingly important use, combined with a minimal desire from everyday persons
to pay for such a product, having a single supplier supported by the government, with fixed rates for government
and commercial use, would allow the company to maintain profit and operations while assuring free and accessible
data for citizens. Dr. Weeden and Dr. Blount saw similar potential with Weather data. While already provided by
the government free of charge, the growth of weather-monitoring capabilities could benefit from a hybrid-commercial
operation. Regarding a general scientific satellite constellation, Dr. Weeden further believes that the EI approach,
with its ability to be accessed by all who wish and flexibility to accommodate multiple attachments, may be the
perfect fit for equipping a comprehensive and capable scientific satellite constellation for scientists across the U.S.
and the globe to utilize. Whether the U.S. public utility, European internet, or either of their variations would work
for these alternative uses merits additional studies.
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the European Internet approach risks falling prey to the bureaucratic curses of cost overruns,
lagging innovation, and slow speed of operation, and must overcome America’s cultural aversion to
government-owned businesses. While both regulatory approaches would create a more sustainable
LEO environment and be capable of achieving all five sustainability goals, my thesis sought to find
a solution that is both sustainable and politically possible; these two original frameworks do not
fully achieve both criteria.

This is not to say that my thesis is a wash. By exposing their weaknesses, both approaches
produced partial positive results and policy lessons, as well as spurred the development of more
feasible variations. As they analyzed the public utilities approach and its effect on competition,
participants highlighted the need for less expensive satellite internet and continual innovation. This
led to consideration of the National Champions concept, where the U.S. supports a single com-
mercial internet LSC to compete on the international stage against other country’s constellations.
Along similar lines, the Partial Government Ownership and operation of commercial internet LSCs
by the government would allow for greater regulatory control, ensuring LSCs practice and follow
their mandated sustainability regulations and reserving part of each LSC for federal use, whether
this be for national security purposes or cost-assisted internet programs. Likewise, discussing the
efficiency flaws in the European Internet approach pointed us to the Interoperability Framework
concept. In this concept, the U.S. controls a monopoly on its ITU-approved orbital corridors and
licenses their usage out to commercial LSCs, thus providing competition while ensuring adherence
to sustainability regulations. It is this final variation, the Interoperability Framework,
that I see as the most effective, efficient, and politically feasible among all frameworks
and approaches considered, enough so that it could be reasonably adapted into policy
today.

The consideration of these frameworks confirmed the need for modern sustainability regula-
tions within the U.S. government and increased authority to enforce these norms. In particular,
the participants desired a modern and administratively consistent set of sustainabil-

ity regulations and guidelines regarding space debris, collision avoidance, risk management,
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active debris removal, and satellite tracking. While the participants did not want these regulations
to be applied through the PU or the EI frameworks, they recognized the need for these regula-
tions. They also acknowledged the need for increased monitoring and enforcement of sustainability
requirements, albeit to different levels of control. As Mr. Oltrogge noted, there is no agency em-
powered to monitor and ensure that operators follow the sustainability guidelines and regulations
to which they agreed prior to launch. While much smaller in terms of government involvement
than either of my frameworks, the need for an empowered agency resonated across all discussions.

All this can be achieved if the U.S. government adapts the Interoperability Frame-
work. Designating orbital corridors for each application of LEO allows for streamlined management
of launch and operations requests, including broadband allocation. With like-LLSCs located in the
same orbital corridor, regulatory agencies can draft specific and targeted sustainability standards,
taking into account the corridor’s altitude, active and inert population, technologies present, and
physical restrictions, updating the standards as the orbital evolves. Furthermore, such alloca-
tion will allow government and industry to easily establish standards of communication, crosslinks
between orbit regimes, and provide domestic and international operators with clear information
regarding where U.S. satellites will be and what maneuvering capabilities they have, a crucial need
for global space sustainability. Finally, the physical allocation of LSCs to specific orbital corri-
dors would create a consistent and predictable schedule for Earth-based astronomical observation,
potentially avoiding satellite interference with celestial imaging. This thesis encourages U.S.
policymakers to adapt the Interoperability Framework with the assistance of academics
and industry, and calls for further study to refine its parameters, determine how best
to allocate orbitals, and the exact sustainability standards to keep each orbital safe

and prosperous for the needs of today and tomorrow.
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Appendix A

Appendix A: Additional Background Research

This appendix will cover topics not discussed in the main thesis which I reviewed in prepa-
ration for this thesis. My literary review helped focus my thesis’s topic, narrowing its scope and
particular argument, as well as filling in the intellectual gaps needed to address monopolistic regu-

lation.

Al First-Mover Advantage and Common Resources

I began my literary review with a deep dive into the first-mover advantage, institutions for
governing common resources, and how the two interacted. The first-mover advantage is the idea that
those who first enter a market have a sizeable advantage compared to later enterprises. This idea
follows a logical thought: those who first discover a new technology, market, product, or resource
often get the first attempt at capitalizing on its value. There are instances where those who enter
a market at a later date and grow to dominance, such as Sony and Microsoft with the PlayStation
and Xbox pushing out legacy acts like SEGA. There is a concern that first movers can use their
favorable position to engage in anti-competitive behavior, particularly with common pool resources.
As the internet LSC is a recent development in LEO, and LEO is a shared global commons, I wanted
to improve my understanding of the intersection between the first-mover advantage and common
pool resources. The resources below provided that information and informed the explanation above

(note: some of these sources I cite in the thesis and can be found in my bibliography):
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A.2 Natural Monopolies in Low Earth Orbit

Next I researched the concept of natural monopolies and their potential in LEQO, leading to
an investigation into public utilities. Natural monopolies are monopolies that grow from economies
of scale, where as a company’s customer base expands its service becomes cheaper to provide.
These monopolies are considered natural because they could theoretically arise without government
interference because of consumers seeking the least expensive product. The most common example
of this are public utilities such as water, gas, sewage, and electricity. Once a company has erected
the required infrastructure to provide a utility service, each additional household serviced lowers the
average shared cost of maintaining the infrastructure. This literary review illuminated that most

utilities came to be because competing infrastructure led to a sub-optical allocation of resources,
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enough so that the government directly manages particular utilities. It was this discovery combined
with a growing cultural shift for internet to be treated like a utility that led me to suggest internet
as a utility in this thesis. Furthermore, with LEQ’s orbital space being a limited resource, the
infrastructure restriction of LEO introduced an argument for a single internet LSC within the U.S.

Readings can be found below:

A.2.1 References

Baumol, W. J. (1977). On the Proper Cost Tests for Natural Monopoly in a Multiproduct Industry.
The American Economic Review, 67(5), 809-822.

Brasch, S. (2022, April 21). Is Xcel Energy making too much money? Colorado voters could get the
chance to decide [News|. Colorado Public Radio. https://www.cpr.org/2022/04/21/colorado-xcel-
energy-profits-utilities/

Depoorter, B. W. F. (1999). REGULATION OF NATURAL MONOPOLY. University of Ghent, 35.

Joskow, P. L. (2007). Chapter 16 Regulation of Natural Monopoly. In Handbook of Law and Economics
(Vol. 2, pp. 1227-1348). Elsevier. https://doi.org/10.1016/S1574-0730(07)02016-6

Litan, R. (2014). Regulating Internet Access as a Public Utility: A Boomerang on Tech If It Happens.
The Brookings Institute, 4.

Lohr, S. (2008, October 13). U.S. not always averse to nationalization, despite its free-market im-
age. The New York Times. https://www.nytimes.com/2008/10/13/business/worldbusiness/13iht-

nationalize.4.16915416.html
Milano, B. (2021, April 20). Should the internet be treated like a public utility? [University]. Harvard

Law School. https://hls.harvard.edu/today/should-the-internet-be-treated-like-a-public-utility /
Mosca, M. (2008). On the origins of the concept of natural monopoly: Economies of scale and competi-
tion. The European Journal of the History of Economic Thought, 15(2), 317-353. https://doi.org/1
0.1080/09672560802037623
Posner, R. A. (1978). Natural Monopoly and Its Regulation Competition and Regulation 21 Stanford
Law Review 548 (1969). Journal of Reprints for Antitrust Law and Economics, 9(2), 767-864.
Public Service Company of Colorado Electric Tariff Index (p. 457). (2022). The Public Utilities

Commission of the State of Colorado.
Rahman, K. S. (2017). Regulating Informational Infrastructure: Internet Platform as the New Public

Utilities. Georgetown Law Technology Review, 2(2), 234-251.

Smith, M. (2018). A Space Law Primer for Colorado Lawyers Part 2: U.S. Space Law. The Colorado
Bar Journal, 47(45), 15.

Snow, M. S. (1987). Natural monopoly in INTELSAT: Cost estimation and policy implications for the
separate systems issue. Telematics and Informatics, 4(2), 133-150. https://doi.org/10.1016/0736-
5853(87)90007-4

Symonds, E. (2019). COMPARING AND CONTRASTING SPACE AND CYBER GOVERNANCE IN
MULTILATERAL FORUMS AND U.S. POLICY INITIATIVES. Univeristy of Maryland - School
of Public Policy, 68.

Thierer, A. D. (1994). Unnatural Monopoly: Critical Moments in the Development of the Bell System
Monopoly. Cato Journal, 14(2), 267-286.

Toh, S. B. (2020, June 17). Council Post: The Argument For The Internet As A Utility: Is It Time To
Change How It’s Delivered? [News]. Forbes. https://www.forbes.com/sites/forbestechcouncil/2020
/06/17 /the-argument-for-the-internet-as-a-utility-is-it-time-to-change-how-its-delivered/

Triedman, C., Lukens-Day, E., Hinh, A., & Ball-Burack, N. (2021). Can State Utility Commissions
Lead in the Clean Energy Transition? Lessons from Six States. Brown University Climate and
Development Lab.



50

Wells, T. (2016). Exploring the Space for Antitrust Law in the Race for Space Exploration Notes.
Washington University Global Studies Law Review, 15(2), [i]-402



Appendix B

Appendix B: Script and Interview Briefs

B.1 Script

Introduction
Thanks for participating in this project. I will be asking you a set of questions regarding
regulating large satellite constellations and whether regulating them as monopolies could be an
effective manner at encouraging sustainable practices in low Earth orbit. Prior to this interview I
sent you the frameworks for two possible regulatory approaches, one modeled after the US public
utilities structure and one modeled after the European internet structure. I will be asking you
questions regarding the general concept as well as these two specific frameworks. Feel free to ask
any clarifying or follow-up questions anytime during this interview, as I will be doing the same.
For the record, could you please state your name, your current occupation, your area of
expertise, and whether you are speaking on your own behalf or on behalf of another organization.
Questions
Q1: Absent of the two frameworks presented to you, what are your thoughts on monopolies in
space?
Q1.1: Are LSC’s “natural” in the sense that the more customers served, the less expensive they
become to operate (are they economies of scale)? Q1.2: Are artificial barriers needed to create a
monopoly in space?
Q1.2B: What are your thoughts on internet as a utility?
Q2: Turning to the two concepts laid out, what are your general thoughts on each?
Q2.1: What are the strengths/fast paths of each concept?
QQ2.2: What are the weaknesses/roadblocks of each concept?
Q3: Regarding the sustainability goals, which of the two concepts do you think will better imple-
ment these goals overall?
Q3.1: Are certain goals better suited for one of the two concepts?
Q4: Are there any specific large constellation uses that you see this approach working well for other
than internet?
Q5: Which of the two concepts seems more viable in today’s setting?
Q5.1: What would need to be changed to make the other more viable?
Q5.2: Are there any other frameworks you think might be applicable or worth investigation?
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B.2 Interview Briefs

These interview briefs are a combination of direct quotes and paraphrases. Whenever possible
I tried to include the original quote, however the back-and-forth nature of these interviews made
it so many important data points are best presentable as paraphrases.

Question 1: Absent of the two frameworks presented to you, what are your thoughts
on monopolies in space?

CK: “Monopolies in any regime are inevitable”. However, if they actively seek to avoid
competition, blocking potential competitors who present no issues of safety or danger to systems
and/or people from entering the industry, then regulation should step in. If a monopoly arises as a
natural occurrence of the domain and doesn’t prevent competition or stifle innovation, then there
is no problem.

BW: In short, “They’re hard”. There are only really two historical monopolies, GPS and
Space Surveillance Network (SSN). Despite multiple attempts by the U.S. to make GPS a monopoly,
other countries developed their own GPS systems, with a multitude of systems existing today.
The story is similar to the SSN, except this network had private competition as well as other
governments, causing further disruption of the monopoly.

DO: “I am not convinced that new large constellation operators automatically become a
monopoly, as other large constellation operators would be able to field similar systems that could
compete. But as a practical matter, there are aspects of taking up the “capacity” of the space
environment”

PJB: “That depends on what [I (Mack)] mean as a monopoly in space.” If you are treating
one company as a monopoly, giving them granted rights, there might be some problems. We give
monopolies to utility companies because competing infrastructure is damaging to the public. The
cable-internet monopoly limits infrastructure but not competition. A company could offer 5G
broadband streaming as an alternative. There is nothing to keep others out of the space market,
you can easily launch into space. With Starlink, they have claimed certain orbits, but other orbits
are available. The “question would become whether or not this monopoly thing can hold in the
sense that... it doesn’t accomplish the same ends that we seek when we [instate monopolies for]
public utilities.”

DM: “Sounds bad.” To him it means that people get their way unconditionally. “That’s
not what we want in space, we want people to work as a community.” Gut is bad, but could be
convinced.

Q1.1: Are LSC’s “natural” in the sense that the more customers served, the less
expensive they become to operate (are they economies of scale)?

CK: From the point of view of the satellite operator, “LSCs do have economies of scale”.

BW: In one way they are: servicing range. Imagine a satellite company just serving the U.S.
Because LEO satellites are orbiting the entire surface, 80% of the time the satellites are not going
be over the US, meaning this time goes wasted. In that context, if you get customers in other
countries to sign up, you now get additional revenue and service for no additional infrastructure
costs. Conversely, the opposite is true with regards to service density. Getting more customers in
the same geographic area doesn’t scale, instead you get “capacity strain” (slower speeds). Density
of users in the same area are a problem. Geographic diversity gives economy of scale, service density
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does the opposite.

DO: “Yes, I believe they are economies of scale, in that once you have fielded a large constel-
lation with global coverage, it can likely easily accommodate global need. This would then serve
to reduce the cost burden for any replacement satellites or ground infrastructure enhancements are
upgrades.”

PJB: “They depend on an economy of scale”. The question is: do you have the market for
your service. Rural America has a market, while NYC will never have a market for people who
need StarLink. He is not positive that we are seeing enough customers for StarLink to have an
economy of scale. Unless we partition orbital space according to uses, we will have enough space for
competition. He agrees with Mr. Oltrogge’s idea of monopolies by orbital. This would be natural
in terms of infrastructure. This would have to go through the ITU or some international body.

DM: “It depends.” It varies depending on the matter and the problem being addressed.
It might make more sense for earth imaging but not necessarily for internet satellites (due to
technological refresh/improvement costs). You need to look at the field in question, it is not an
assumed economic law for all constellations.

Q.1.2.A: Are artificial barriers needed to create a monopoly in space?

CK: If there is only one organization that wants to engage in a particular activity, that is a
monopoly by default. There is bound to be a dominant or a few dominant actors among the rest,
along with smaller operators, due to the complexities of space operations.

BW: Yes. Under the OST countries are able to freely use space; internationally there are
no monopolies. Within a country a government can choose who they license, creating the needed
barriers.

DO: “When you look at the technology required to design, build, launch, operate, and dispose
of large constellations, barriers already exist that can prevent less mature or advanced space faring
countries from using space at a large constellation level. That’s not to say that artificial barriers
do not already exist, but there are enough technological and financial barriers that naturally occur
which can lead to monopolies in space.”

PJB: Yes, see response regarding the need for international agreement in Q1.1

Q1.2.B: What are your thoughts on internet as a utility?

CK: No response to this question.

BW: He doesn’t think the US will treat internet as a public utility in its entirety. There
are existing proposals in Congress for net neutrality,! should they pass he believes this would be
the closest the US would get to regulating internet like a utility. However, if the US did regulate
internet accordingly, he’s not sure if it would have a huge impact on overall internet LSCs.

DO: “There are places in the US where the public utility is not well thought of, and customers
are frustrated by the lack of capabilities and unreliability.”

PJB: There would need to be a justification based on infrastructure restrictions, where the
development of multiple internet networks would harm society. It could help balance the urban-
rural broadband access.

DM: We are moving that direction already in terms of communal use. You don’t get charged
for the internet, light, water at Starbucks. “If you go to Starbucks and use the internet. it’s like

1. Net Neutrality and Broadband Justice Act of 2022, 2022
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using light: you don’t get charged for light, you don’t get charged for water, for using the toilet!”
However, he is not inherently onboard with the lack of competition from a utility-based regulatory
approach. Competition in cable TV lowered the prices, competition improves performance and
services. “Competition is what usually improves performance and improves service.”

Question 2: Turning to the two concepts laid out, what are your general thoughts on
each?

CK: He doesn’t think the PU approach is appropriate for space. Looking at the example of
airlines in the 70s and 80s, the intense regulation with fixed profit margins proved to be a barrier
to lower prices and better service. “The heavy regulatory layer... didn’t help civil aeronautics”.
He believes regulating an internet LSC like a public utility would run into the same problems as
the airlines did.

Regarding the EI approach, it will be hindered by the speed of the government; Nothing in
the government moves quickly”. Why should every taxpayer pay a general user-fee for a service
they do not use?

BW: Overall, both have significant drawbacks. However, “there may be a benefit from
not having duplicate efforts.” Having a single constellation would increase the chance that the
constellation would be a success, whether privately (as in the PU) or publicly (as in the EI) operated.
He doesn’t want the satellites of folded companies staying in orbit, as that would only further the
congestion problem. Moving onto the drawbacks, a U.S. providers only approach would present the
capacity problem mentioned in Q1.1, urban population density would struggle. Furthermore, the
U.S. has already issued licenses for multiple private internet LSCs, revoking or buying out those
licenses may not be possible. “We’ve already said yes to all this stuff [permits to orbit]. So, if we
were going to adopt either of these two solutions we would essentially have to go and tell the other
companies to remove their stuff from space. That’s a huge regulatory and political challenge. I'm
not even sure the U.S. government has the authority to do this after giving them a yes”

DO: “The question would be how you might take these two frameworks and somehow incorpo-
rate the existing large constellations which already have a lot of inertia, customer sets, capabilities,
and VC engagement.”

PJB: Regarding the PU approach, there needs to be a compelling reason behind infrastructure
restriction. One would have to “create the reason in order for there to be a monopoly.” Congress
could do this, giving authority to the FCC. The US is a lassie faire government by nature with
regards to business. Looking at the failure of net neutrality, he’s not sure whether the US has the
appetite for regulating internet.

The EI concept could be a thing. A government satellite could be equipped with multiple
transponders for various service providers. One of the big problems with EI in space is innovation.
We see crazy satellites competing in orbit. Will the government put up a satellite that meets my
needs as a service provider? Can I deliver the kind of service I want with the government satellite?
Companies want to sell services from their satellites, a safer investment for each company.

DM: He leans more towards the U.S. version vs. the European version, fearing government
oversight. “I want it to be owned by the private companies.” Excessive government oversight could
lead to a few problems: they would be slower at adapting technological advancements (delays in
procurement process), and fear of lack of quality (looking at Veteran Affairs). But it also means



95

that the technology would be safer than if commercially used.

Q2.1: What are the strengths/fast paths of each concept? CK: For the PU and EI
approach, strengths could include assuring availability and access to customers. It ensures that a
system will be in place, not ensuring it will be a quality system however.

BW: Blessing one company as the sole provider in exchange for restrictions on profit (the PU
approach) may be the natural occurrence if the demand for satellite internet is not as robust as
people imagined; a monopoly could occur purely from lack of demand. Other countries are taking
this approach (Canada with TeleSat,? China with the China Satellite Network Group,®> OneWeb’s
minority ownership by the British Government* ). Dr. Weeden refers to this as the “National
Champions” approach, where one company gets exclusive support and licenses from a country to
be their provider. This could grow to where each country has their company compete on the
international stage to service, going the profit route, or restrict just to in-country access based off
security reasons.

Regarding the National Champions approach, he sees this as plausible both commercially
and as a way to enact sustainability norms. If countries agree to have one national champion who
competes on the international internet providers market, all agreeing to sustainability standards,
then this would preserve competition as well as improve the sustainability of the LEO environment.

DO: “The strength of the US Public Utilities approach could be that we already have a large
constellation in existence, and if the US government could succeed in convincing that operator
[SpaceX with StarLink] to become the operator for the LSC, then potentially it could be quickly
realized. .. A potential strength of the European model could be that it would promote innovation,
competition, and choice amongst the user community.”

“Concept 2A:% There could be benefits to a slightly different “flavor” of this European model
for the LSC topic, whereby the government provides an interoperability framework that allows mul-
tiple LSC operators to live within that framework but in constrained and pre-coordinated ways.
One might think that this is effectively what we have in place today with the FCC approving large
constellations submitted by different operators. But the difference could be that the government in
concept 2A would first define the framework which defines the interoperability between approved
large constellations satellites, rather than having them being separate, standalone entities and capa-
bilities. And orbits, and inter-constellation interplay, would be coordinated and orchestrated.” The
government allots orbitals. This framework could include standards of communications, crosslinks
between orbit regimes, different altitudes serving different parts of infrastructure, etc. There needs
to be a way to prevent excessive fees, prove that the fees/rates you are charging are reasonable and
not exploitative.

PJB: “The US has a broadband infrastructure problem.” These ideas could solve this rural-

Approval in Principle — Telesat Canada (COMMSTELLATION), 2015

Jones, 2021

Department for Business, Energy, and Industrial Strategy, 2022; Eutelsat and OneWeb to Combine, 2022

Dr. Blount expressed support for a similar version of this idea. His take on the 2A concept goes as follows:
the U S. recognizes we need better broadband infrastructure so they put out proposals to companies to fill in the
gaps. Companies compete for these contracts. This could also solve a tangential issue. In the U.S., regulation
and licensing is bifurcated and fractured; The FAA, FCC and others all have different processes. T hrough this
contractual competition concept the U.S. could streamline their regulatory structure and install controlled privately
operated domain monopolies, taking the 2A approach Mr. Oltrogge laid out for orbital space and expanding it across
all broadband gaps.

oUW
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urban connection divide, being connected is crucial to modern day life. “this [satellite monopoly]
could help solve this broadband issue by spreading connectivity across the nation... that is some-
thing of value to the U.S. and in particular to the U.S. economy.” Another benefit is its ability to
reduce the number of LSCs in orbit, we need more orbital space. “It does allow us to reduce the
number of these megaconstellations in orbit... which is good for orbital space.” Treating internet
like a common carrier, especially with satellites, could level the price difference between rural and
urban areas. By taking the costs and spreading them across different areas, you might get a better
infrastructure. Within the U.S., the only legal barrier is finding the legislative momentum. We
can have Congress create a monopoly, but it’s likely that this would be unpopular with the current
Congress. “That law is not going to be easily forthcoming.”

DM: PU approach keeps it somewhat capitalist, where the private company owns the system,
making the process cost effective and efficient. “I want it to be owned by the private companies”
He wants to keep the system under private control, and the PU approach allows for this in some
capacity.

Q2.2: What are the weaknesses/roadblocks of each concept?

CK: For the PU approach, “The weaknesses are the burden of government oversight, the
regulatory infrastructure... definitely stifling competition, not just in operators but in satellite
manufacturers”.% Also, a big risk of vertical monopoly unintentionally forming. How do you make
sure that the operator is charging a fair price when there is no yardstick to compare the price
against? What do you do when someone says they can operate an internet LSC for less?

Many of the same problems will plague the EI framework. There will be a stifling of com-
petition, an immense cost to operate, and a slower speed of operation than a privately-operated
LSC.

BW: No response, answer reflected in Q2.

DO: “One obvious weakness of the U.S. Public Utilities approach is that it can stifle innovation
and. .. limit the quality of service that the customer is able to obtain, precisely because competition
has been eliminated... A potentially big weakness of the European approach... is that the
government would develop and operate the large constellation, and the government is often not
very efficient, timely, or innovative in deploying such technically complex systems. We would likely
anticipate very large cost overruns, issues with legal battles contesting the award of such systems
to a single contractor, and administrations that could change every four years that prioritize and
then subsequently deprioritize such a project.”

PJB: A problem could be the “free space” issue, with other constellations outside of the U.S.
abusing the U.S.’s self-restriction. “just because we do this thing with internet doesn’t mena that
other satellites will come into this orbital space” The National Champions model could solve this.
Furthermore, not everything fits the common carrier qualification. Federal legislation could solve
this, but the U.S. lacks the political momentum at this time.

DM: EI approach could lead to over-budgeted costs and loss of efficiency.

Question 3: Regarding the sustainability goals, which of the two concepts do you think
will better implement these goals overall?

6. Mr. Kunstadter argues that we already see this occurring with SpaceX, who can produce the satellite and the
launch vehicle while operate both. This combined with their favorable government position and existing infrastructure
has resulted in a lack of vertical competition.
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CK:

(1) Risk tolerance: The government may come up with standards, but these standards may
become outdated in a few years, “Developments in space happen very quickly.” Case and
point, “look at the 25-year rule.” You don’t want to force a standard; they should be
developed by industry. “Not a matter of public policy.” Neither is advantageous.

(2) Transponder tracking: “Having this government monopoly... will bring down the cost
of these transponders” as they become mass produced; “it will make [the transponders]
ubiquitous and a de facto standard.” Either one would do that. In PU, the operator may
ask the government to pay for it. In EI, the government would definitely pay for it, bringing
down the cost of production and purchase.

(3) Deorbiting: The pressure of crowded space is going to drive people to reduce the 25-
year. rule. In the second case (EI) the government could influence the deorbiting timeline
by setting a precedent. Should the government deorbit all their satellites within a set
timeframe, then this could become the industry standard.

(4) Reduction in debris creation/propagation: Reusable rockets are the new standard. How-
ever, there is more we can do, improving later stages. This is a development occurring
regardless of whether a government-backed or government-owned LSC goes into orbit.

(5) Propulsion requirements: Similar to transponders, through the EI model the government
can demonstrate propulsion effectiveness by using the systems themselves. This would
build confidence in the technology as well as reduce the cost of purchasing and developing
in-orbit propulsion systems. For PU: most LSCs will have propulsions; they are too big to
not have it. We already see propulsion systems on StarLink and OneWeb, though there
could be improvements in these systems.

BW: Neither one has an inherent advantage over the other regarding sustainability norms.
The PU approach may be slightly more plausible as it removes industry as a middleman for standard
setting, but “governments haven’t always been great stewards of space”. He’s not convinced that
the government operating constellations (EI) themselves will be more effective than the government
supervising a private company (PU).

DO: “Because both of your proposed approaches advocate for a single LSC, I don’t necessarily
see a benefit to sustainability for one approach versus the other.”

PJB: “The PU model... is more suited for sustainability... it actively reduces the number
of satellites in orbit”. The PU approach can accommodate for competition so long as we keep the
infrastructure the same. Meanwhile, the EI model can better reduce the price of services, having the
government swallow the infrastructure bill. However, the EI system may not inherently contribute
to a reduced capacity. Does it precludeother satellites or just bring the cost of internet down?

DM: End of Life and tracking are the two most important, and he would like to add remedi-
ation/active debris removal (ADR) to that list. These goals, in particular ADR, may not best be
solved with my regulation, wrong tool for the job. This should be left to the market but encouraged
by reclamation credits or funding for private companies to remove debris. If the government wanted
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to enact ADR via regulation, the EI approach may be more viable. However, the PU approach
could allow private innovation with ADR technology.
Q3.1: Are certain goals better suited for one of the two concepts?

CK: Goals centered around the proliferation of sustainability technology will be best suited
to the EI approach, as the purchase and usage of such technology will lower the cost for others.
The implementation of deorbiting/end-of-life procedure might also be easier to implement through
the EI approach. The other, more standard-based goals (reduction in debris, risk tolerance) are
equally suited for both concepts, though.

BW: Neither concept has a comparative advantage.

DO: “Again from the perspective of overall capability to the end user and innovation, the
European approach helps facilitate at least some level of competition, which I see as a necessary
aspect of a healthy regime.”

PJB: It all comes down to legislative momentum. If the U.S. pursues the PU route, then it
would demonstrate that private companies can be sustainable. The EI route may not. Internation-
ally, if sustainability is the concern, I'm not sure if a single nation restricting themselves will solve
the capacity issue. We will run into the flag of convenience problem. Sustainability is not possible
unless everyone signs on.

DM: Gave no answer for this question, instead stressed the importance of ADR. “You could
potentially give companies credits for going and removing 5,000 or 10,000 Ibs of debris, which they
could sell to these new constellations” to make space for their new constellation.”

Question 4: Are there any specific large constellation uses that you see this approach
working well for other than internet?

CK: While not an LSC, there is precedent for a PU setup with launch vehicles. Before the
entrance of SpaceX and other launch providers, the United Launch Alliance (ULA) provided launch
vehicles to the U.S. government at fixed rates, having a monopoly over launch services.

BW: He could see both approaches working for scientific objectives. There have been ideas
floated of an El-style constellation where scientists could equip sensors for public use. This follows
precedent of governments sponsoring scientific research, which is not inherently profitable. Re-
garding commercial endeavors, the U.S. Government would need to find an infrastructure that the
economy provides.

If we investigate a model where a utility is provided, such as imaging and weather prediction,
there could be a national security justification for such an LSC. This somewhat exists with NOAA
weather imagery: the government owns and operates the satellites, releasing the data to the public
for other governments and companies to use as they please. There is a similar situation with
Maxar Technologies, which holds a technological advantage over high-resolution space imaging.
This advantage is weakening, the rapid innovation in the imaging/remote sensing field combined
with the growing variety in demand and application has made the idea of a monopoly less and
less appealing. A common-cause LSC that grows as other companies innovate could be a partial
solution.

DO: “Potentially mapping and earth observing, however both of these aspects depend heav-
ily upon the users requirements and a single system may not be able to meet individual user
requirements.”
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PJB: To some extent we have this model with weather satellite right now (not privately
operated). The government operates the weather satellites, the data is sent out as a public good.
This doesn’t prevent other operators from collecting and selling private data, but they cannot
compete with satellites providing free data. People don’t want to pay for this data, it is in the
public interest to keep weather satellites free (better situational preparedness, information, access
to models). Outside of telecom and internet, applications may be limited.

DM: Earth Imaging is a direct commodity to Google Maps, but not a direct commodity to
the average person. However, the average person uses Google Maps in their daily life. “Constella-
tions that support voice communications probably would work.” In general, if you don’t know the
infrastructure is in space, it could potentially work as a government-managed space-based utility. If
we don’t think that it’s from space, you're not aware, then it has become an infrastructure success;
the utility is ubiquitous.

Question 5: Which of the two concepts seems more viable in today’s setting?

CK: EI seems more viable as PU is anticompetitive. Government will support industry by
buying products from industry. He doesn’t like it though, as private companies can do better than
the government. The EI approach seems more viable but not ideal.

BW: The PU approach, specifically in the form of National Champions, could be viable,
however he doesn’t see the EI approach working in the U.S.

DO: “Both of these approaches have a huge roadblock in terms of figuring out how to address
these existing large constellations. I don’t really see a single large constellation as having the
flexibility to meet all user requirements, which calls into question the efficacy of both approaches.

That said, given what I believe is a requirement for healthy competition and options for the
end user, I believe the European approach is better suited to an LSC framework, but only if that
competition exists at the LSC level (2A), as opposed to your current proposal of the government
developing and operating the LSC itself.”

PJB: The PU Model seems more realistic unless you do EI Concept 2A. If you want broadband
to be affordable, and satellite is the key to that, the government needs to have a hand in organizing
infrastructure. They can bring prices down to an affordable point and establish a more diverse and
accessible internet infrastructure.

DM: “It’s very culturally dependent.” The PU approach is best for the US, the EI is best for
other countries which are more interested in government involvement.

Q5.1: What would need to be changed to make the other more viable?

CK: “PU approach could only be more viable if you allowed more providers”. This would
be a bloodbath; a lot of lobbying efforts and constituency issues would complicate and entrap
this process. Regarding the EI approach, the government would have to let commercial operators
operate it, then CSOs could provide feedback on operation methods.

DO: “Potentially a [contract competition] between a couple of LSC’s might help ensure that
the US Public Utilities approach meets user requirements and gets us the capabilities we all would
like to see.”

PJB: We need a cultural shift in how we view governance in order to make the EI model
work or to bring any international agreement on applying these concepts globally.

DM: “From the utility perspective... does it have to all be based on a monopoly approach
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or really can 85% be that way [commercial] and can 15% be dedicated government?” There could
be a national security imperative to have internet protected from external stimuli as a PU. “Does
it have to be all one or the other?” Internet is great for everything, but in the case of space
weather, hacking, security, it might be wise to have 15% owned and operated (reserved) by the
government for emergency internet access. During times of significant turmoil, you will want
a secure government pipeline.” It could be through this national security imperative that the
government installs sustainability norms and helps to mediate internet prices, as they themselves
would be a customer. “There’s probably always something you’re going to want to have a bit of
a pure government play on.” For the EI approach, the U.S. would need a cultural shift in the US
towards socialism.

Q5.2: Are there any other frameworks you think might be applicable or worth inves-
tigation?

CK: He would want to take the government out of operations, giving control to commercial in-
dustries, but promote new technologies, thereby providing competition and preventing a monopoly
from forming. Today, we are ending up with a monopoly (StarLink) due to their technological
advantage. Anyone can copy StarLink, but few have the resources to do so. So long as they don’t
use their monopoly position to screw the customer, this should be fine.

DO: Option 2A, mentioned above (Q2.1).

PJB: “There is going to be a need at some point for the ITU to address carrying capacity.”
The ITU has authority over frequencies and associating orbital slots for certain frequencies. The
ITU tightly regulates frequency in GEO as this is a shared orbit, but they are more relaxed in LEO
due to its multiple orbits. Frequencies are beginning to overlap, however. Soon there will need to
be a regulatory shift, applying the stricter regulation seen in GEO to LEO.

DM: The idea of vouchers could be a market-based way to encourage ADR. Assume that
US/China/Russia aren’t going to do anything about their junk. Have companies receive vouchers
based off how much debris they remove. For example, should a company remove 1 kg of debris from
orbit they may receive a voucher to leave up 0.5 kg of their own debris, thereby net-reducing total
orbital debris. Another option could be requiring companies to remove debris before orbiting their
own satellite and to remove the satellite you intend to replace. Overall, we need a net-decreasing
amount of mass in space. Leave no trace principle.

7. For an example of this importance, look at the hacking and jamming of StarLink satellites servicing Ukraine
(Dufty, 2022)
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Appendix C: Presented Frameworks and Consent Form

C.1 Presented Framework:

Objective: To see if large satellite constellations can be regulated in a similar manner to
monopolies, and if so, if this regulatory framework would be more or less effective at implementing
modern sustainability norms.

Defining criteria: I will judge based of three criteria: Efficiency, equity, and sustainability.

e Efficiency pertains to how well these regulations can maximize the productive use of LEO
e Equity focuses on ensuring fair access to space and to the products space can offer

e Sustainability indicates how durable these regulations are in keeping LEO a viable, safe,
and marketable operating domain in the long run

Test constellation: a U3 CubeSat constellation (10x30 cm) on the order of 104 in size
offering a set service within the United States. For this study, the service is internet. There are
two possible setups that I will be considering: the US public utilities approach and the European
internet approach. Regardless of the approach, the LSC will be the same.

The Regulation: Depending on the approach the regulations will differ. The two ap-
proaches being considered are the US public utility approach and the European internet approach.
These regulations are more holistic and avoid full detail, as that is beyond the scope of this study.
Therefore, they will stay frameworks. Both feature a single LSC offering exclusive services, it is
the delivery methods that differ. The two regulatory approaches will be discussed in greater de-
tail later. Both regulations will be part of an internet-as-utility network, approaching internet as
a non-profit enterprise. The satellite network would complement terrestrial-based infrastructure,
acting as one appendage of a larger internet infrastructure.

Sustainability Goals:

e Maximum risk tolerance regarding conjunctions, standardizing risk assessment.

e Transponder tracking, requiring that all satellites have active transponders attached so
their location can be precisely determined.
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e Stricter deorbiting protocol, i.e., reducing the 25-year rule to five years or less, decreasing
net congestion.

e Reduction in debris propagation, having more secure satellites that shed fewer parts and
reusable launches.

e Propulsion requirements, all satellites must have a base-level of maneuverability to avoid
debris and collisions.

C.1.1 The US Public Utilities approach

Overview: A single company would develop and operate the LSC. Service would be orga-
nized around a public utilities commission, very similar to what occurs at the state level. The
commission would act at a “union” for citizens to establish fair usage rates as well as fulfill other
duties. This would work in tandem with terrestrial internet infrastructure.

The Monopoly: One company would be selected to develop, launch, and operate the
LSC. This company would have exclusive rights to provide LEO-based satellite internet within
the US. The company would be responsible for maintaining this network and upgrading it as
needed. However, their profits would be tied to a percentage of the revenue, not based off of the
development of new infrastructure as is the case with most US public utility agreements. This
change in incentive works towards the sustainability goal of this approach, protecting LEO from
overcrowding. The rates and percentage profit would be determined by a national public utilities
commission.

The National Public Utility Commission: Modeled after state public utility commis-
sions, the commission (as I will refer to it) will monitor, regulate, and evaluate the monopolist. Its
duties would encompass the tasks below among others:

e Determine the market price for services, calculating operational costs

e Monitor and evaluate the monopolist, ensuring they abide by the required sustainability
and equity standards along with other regulatory requirements

e Determine the profit percentage the monopolist can charge relative to the break-even price
e Negotiate and regulate the break-even price plus the profit percentage

e Perform audits as to where the LSC needs maintenance, upgrading, and adjust the per-
centage profit depending on the success or neglect of the monopolist

The monopoly should be contingent on providing a base level of utility and internet speed, en-
suring it remains competitive with land-based internet. Furthermore, access should be nation-wide,
providing the same quality internet to all regions and community. This follows the requirements of
space activity to be on a basis of equality, per Article I.
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The commission would have an odd number of members, be appointed by the President,
approved by the Senate, and hold positions for a set number of years.! The commission’s members
should be a mix of scientists, engineers, policy experts, and economists.

Expected Problems:

This approach runs the risk of falling into similar traps as existing state public utilities
commissions. In particular, any Presidentially appointed, Congressionally approved commission
risks becoming politicized and partisan or falling under the sway of lobbyist. The commission
should be advocates on behalf of American citizens, the consumers, but if not properly set up and
protected, could fall under the influence of the monopolist, leading to inefficient outcomes in terms
of sustainability and market efficiency. Some other possible problems include:

e Congressional deadlock creating a commission lacking full membership

Existing satellite constellations providing similar services

Broadband congestion in urban areas

Accurate auditing of the monopolist and fair price negotiations

C.1.2 The European Approach

Overview: This model pulls from the precedent sent by European countries on how they
manage terrestrial internet. While the large size of America may have proved a blockage to this
approach in the past, the flexibility of space may alleviate this restriction. This network would
work in tandem with terrestrial internet infrastructure.

The Monopoly: The US government develops and operates the LSC, being liable for its
maintenance and relevant updates (new technology, higher speeds, greater reach, etc.). The tax-
payer would pay for the development and launch with an expected return on investment via taxes
for service usage. Since the government is controlling the LSC, sustainability standards can be
enforced upon itself by law and policy, much akin to the standard mitigation practices that Us
missions currently follow. This would likely fall under the FCC’s control. The Agreement:
Companies can use this LSC under an “open access” agreement. Open access means that internet
access providers can use the infrastructure to provide internet services to consumers and businesses.
However, the open access agreement means no throttling or blocking traffic and following a non-
discriminatory traffic management.? Companies can use the LSC infrastructure to offer internet
services without having to put forward the money to build, maintain and operate the network,
instead with a percentage of revenue going to the government for usage. This tax would go towards
system maintenance and updates. Some other important points:

e Contract for the LSC usage would include clauses to restrict ballooning of prices

1. There are concerns surrounding presidential appointments and public service companies, so suggestions on more
effective membership selection processes are welcome. Concerns rise from the politicization of the Postal service and
the Postmaster General.

2. Note that in the EU’s regulation there are three exceptions to these requirements: “compliance with legal
obligations; integrity of the network; congestion management in exceptional and temporary situations” Open Internet
— Shaping Europe’s Digital Future, n.d.)
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e The aim is for the open access to allow greater competition, keeping prices low, as there is
a lower barrier to entry. The monopoly is used to prevent a monopoly.

e Since the government is operating the satellite, they can force themselves by law to follow
the criteria below, setting the standard.

Expected Problems:

Most of the European approach’s anticipated problems come from the difference in market
culture. Americans place the free market at a premium, not wanting government interference.
Americans historically have preferred venture-capitalist backed endeavors, not opposed to govern-
ment money, but wanting the private sector to maintain control of revenue and costs. Below are
some additional problems this approach may encounter:

Desire for private sector control

Competition with other public/taxpayer funding for development and launch; it would need
a secure way to gain back expenditures

US government’s historical inefficiency and history of cancelling projects

Contracting vs in-house for development, risk of NASA-like contracting reliance, large
financial burden

C.2 Script
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Title of research study: Can Regulating Large Satellite Constellations like Natural
Monopolies Effectively Increase Sustainability Standards

Investigator: Samuel Rodgers
Purpose of the Study

The purpose of the study is to determine whether regulating large satellite constellations
(LSC) like natural monopolies can allow policy makers to implement and enforce
sustainability standards more effectively. The growth of LSCs in Low Earth Orbit (LEO) has
raised concerns surrounding overcrowding, space debris proliferation, and increased risks of
collisions and conjunctions. The regulatory body has not evolved to match LEO’s population
growth, and companies have little incentive to act sustainably with respect to this increase.
Pulling from how governments handle terrestrial economies of scale (utility companies being
an example, or internet in European companies), approaching the development of LSCs from
this economy of scale perspective may allow governments to implement greater sustainability
standards.

| will be drafting up two draft frameworks for regulating natural monopolies in space at the
national (US) level. | will be using satellite internet as the service of choice for this research.
The first will be for a privately developed and operated LSC with exclusive internet providing
rights, regulated through a national public utilities commission (the American utilities model).
The second will be for a government developed and owned LSC through which private
companies can offer internet services. These two approaches will be judged based off 5
sustainability goals:

1. Standardized risk assessment, including maximum risk tolerance

2. Transponder tracking

3. Debris propagation standards

4. Propulsion and maneuverability requirements

5. Stricter deorbiting protocol
Judging the potential of this regulatory approach will either add an additional tool to solving
the space sustainability issue or eliminate an ineffective option.

We expect that this interview will last between 30-45 minutes. This interview will be recorded
and non-anonymous. We expect about fifteen people will be in this research study.

| have read the section above and understand the basis for this study: (initial here)
Explanation of Procedures

Three weeks prior to the interview we will send you the draft frameworks to be read and
reviewed along with the questions that will be asked in the interview.
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The interview will begin with a statement marking the beginning of the recording, reminding
you that you have the right to strike a comment from the record at anytime. Following this, the
interviewer will ask you who is being interviewed, their profession, and whether you speak as
an individual or on behalf of an organization. The interviewer will then walk through each
question, taking notes and comments, allowing for you to ask clarifying questions, and follow
up questions from the interviewer to clarify comments. At the end of the interview the
interviewer will announce the end of the recording and ask you if you wish to change any
comments or strike anything from the record.

After the interview we will send you a transcript of the interview and provide you with 72
hours to correct, clarify, or strike any comments from the record.

| have read the section above and understand the interview’s procedures: (initial here)
Voluntary Participation and Withdrawal

Whether or not you take part in this research is your choice. You can leave the research at
any time, and it will not be held against you.

At any time, you may request to be removed from the study. If so, all of your comments will
be discarded and deleted, and your name will be removed from the study.

The person in charge of the research study can remove you from the research study without
your approval. Possible reasons for removal include: change in occupation, loss of authority,
inappropriate comments, conflicts of interest.

I have read the section above and understand my right to withdraw my participation at
anytime: (initial here)

Confidentiality

This is a non-anonymous interview. Your name, occupation, and title will be used in the final
publication, as it is your expertise and authority on the subject matter that is critical to this
research. What you say in the interview may be quoted and used as evidence for this study’s
final conclusion.

Information obtained about you for this study will be kept confidential until presentation of this
honors thesis. Research information that identifies you may be shared with the University of
Colorado Boulder Institutional Review Board (IRB) and others who are responsible for
ensuring compliance with laws and regulations related to research, including people on
behalf of the Office for Human Research Protections. The information from this research may
be published for scientific purposes.

| have read the section above and understand that this study will be non-anonymous and that
what | say in the interview may be cited: (initial here)

Payment for Participation
You will not be paid to be in this study.

Contact for Future Studies
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We would like to keep your contact information on file so we can notify you if we have future
research studies we think you may be interested in. This information will be used by only the
principal investigator of this study and only for this purpose.

Please initial your choice below:

Yes, you may contact me for future research studies. The best way to contact
me is: (enter preferred telephone number and/or email address)

No, you may not contact me for future research studies.
Questions

If you have questions, concerns, or complaints, or think the research has hurt you, talk to the
research team at zachary.donohew@colorado.edu and/or lauren.blum@]lasp.colorado.edu

Signatures

Your signature documents your permission to take part in this research.

Signature of subject Date

Printed name of subject

Signature of person obtaining consent Date

Printed name of person obtaining consent



