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Abstract

This paper proposes a fusion of two economic paradigms, the economic goods
framework and Total Economic Value (TEV), to structure the evaluation of complex
space programs. It illustrates the dynamic relationship between different types of
economic goods, including the institutional integration of manufactured private goods
into public goods. Drawing on methodologies from environmental economics,
particularly categories such as option and existential values, the approach addresses less
obvious outcomes of space activities that nonetheless significantly shape public
perceptions and judgments of program effectiveness. Current institutional developments
in space activities demonstrate the relevance of economic goods and value epistemology
as a framework for understanding and designing space policy.
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EU European Union

GPS Global Positioning System
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LEO Low Earth Orbit

NASA National Aeronautics and Space Administration
OST Outer Space Treaty

PGIC Public Goods Input Chain

PNT Positioning, Navigation, Timing

TEV Total Economic Valuation

1 Introduction

Since the first space launches in the late 1950s, the space industry has evolved into a
network of actors shaping interconnected value chains that form the core structure of the
space economy.

The growing dependence of global digital infrastructure on space assets [1], combined

with outer space's value as both a source of human inspiration and an infinite resource for

development [2], underscores the need to methodically integrate the space economy into
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the global economic system [3]. The conceptual foundations of this integration include
measuring the size of the space economy and understanding how its outcomes are woven
into the fabric of global purposeful activities.

Recent comprehensive works on measuring the global space economy include the
synthesis by Jones and Weeden [4], which compiles and compares methodologies and
metrics, and Crane et al. [5]. Bryce Technologies’ model [6] of the space economy,
featured in the Satellite Industry Association’s State of the Satellite Industry Report,
estimates the global space economy at approximately $415 billion, with more than 70%
attributed to commercial space services and equipment, while the remainder derives from
government space budgets.

The economics of commercial space equipment and services parallel those of the
international information and communication sector. Public space expenditures also
generate products and services, whether contracted out or directly produced by entities
like NASA, but their ultimate outcomes differ from private-sector value chains. Turning
to one of the fundamental concepts of microeconomics, the theory of economic goods,
we identify most outcomes of public-sector space activities as pure or impure public
goods [7], while noting that not everything produced by the public sector is a public
good, and not all public goods originate from the public sector. Given that the
relationship between public goods and the public sector is not one-to-one, we examine
more closely the place and role of public goods within the broader context and outcomes
of space activities.

The necessary distinction of the public good concept in studying the space economy
includes differentiating naturally existing resources and human-made products. The
“space as commons” framework builds on Ostrom’s fundamental classification [8] and
has been further developed in numerous works, including a critical analysis of space-
related aspects by Hertzfeld et al. [9] and a recent overview by Patton [10]. While this
perspective is essential for examining the legal and economic foundations of space
resource utilization [11], our focus will be on the second aspect, the classification of
space-related goods as human-made rather than naturally occurring.

Some sources [12-14] treat space exploration itself as a public good, while others [15]
emphasize that it generates specific types of public goods through various applications
and spillovers.

The additional motivation for categorizing space industry output stems from the historical
trajectories of global space programs and their resulting intersectoral developments. The
increasingly privatized approach in the U.S. [16], along with the specific institutional
dynamics in Russia [17] and, to some extent, in India [18], highlights the need for a more
transparent framework to structure the goods and value generated by space activities,
particularly in space exploration. Given the growing interdependence between public
goal-setting and corporate implementation, a more precise delineation of goods produced
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and their creators is essential. A good example is the concept of making humankind a
multiplanetary species [19], where corporate strategizing overlaps with the pursuit of
pure public good.

We apply approaches for structuring public goods from environmental and historical
preservation domains [20] to space activities, aiming to improve analytical transparency
and resolution. We find the concept of total economic value [21], including non-use and
option values, relevant for assessing most intangible outcomes of space exploration.

This paper contributes to conceptual/theoretical research across space policy, institutional
economics, and public value theory. It builds analytical clarity by synthesizing and
adapting frameworks to the evolving space sector, constructing a unified model for
interpreting the generation and evaluation of space economy goods across public and
private domains, rather than offering empirical data or normative policy
recommendations.

The text is structured to guide the reader from a general problem setting toward a detailed
analytical framework for understanding and evaluating the diverse outputs of space-
related activities. Section 2 presents a selective literature review, highlighting relevant
economic, institutional, and policy-oriented approaches to the recognition of economic
goods and value, with a particular emphasis on the space economy.

Section 3 proposes a typology of goods produced by space missions, discusses
externalities and public good characteristics, and introduces the Public Goods Input
Chain (PGIC). Section 4 turns to the Total Economic Value (TEV) framework and adapts
it to the space context.

Concluding Section 5 reflects on the institutional implications of the goods-generating
system’s evaluation, summarizes the main contributions, and suggests directions for
further research development.

2 Literature Review

Analyzing goods generation in the space economy and associated value-for-money
involves two major components. The simpler, more transparent one is associated with the
provision of intended goods and services through ordinary contractual transactions [22].
In these cases, the intended result is fully captured by the delivered product or service,
and the value created is realized within the completed transaction. However, such
activities may also produce externalities that extend their effects beyond direct exchange.
When consumers are households or businesses, the intended value chains end here, and
evaluation relies on straightforward market indicators [23]. However, this paper focuses
on space exploration, understood as activities oriented toward discovery rather than



application' and funded primarily, though not exclusively, from public expenditure. In
most cases, the state acts as both initiator and primary customer, defining objectives and
financing execution through public programs. Here, the intended result extends beyond
the supplied goods and services, encompassing collective outcomes such as scientific
knowledge, cultural or strategic gains, or other forms of non-market value.

When contract deliverables are sold to the state as part of national space exploration or
defense programs within the public goods input chain (see Subsection 3.2), the outcomes
require more specialized evaluation. Accordingly, specialized value metrics are critical
for outcomes that are not delivered directly through transactions between economic
actors.

The usefulness of space exploration can be assessed through several distinct approaches.
These approaches generally examine the generation of effects that vary in their tangibility
and measurability, aiming to articulate the “value for money” produced by exploration
efforts [24]. Four dominant perspectives frame this value by their effects, each
corresponding to a distinct type of good.

The first approach considers the direct productivity. It posits that space exploration yields
outcomes justifying investment. Fundamental scientific knowledge from exploration
missions is a central example [25, 26]. Ideally, these outcomes should align with those of
other endeavors in the public good domain. For instance, scientometric efficacy,
measured by the number and quality of research publications, is used to compare space
research missions with comparably costly megascience projects such as the Large Hadron
Collider or the International Thermonuclear Experimental Reactor [27].

The second approach deals with existential productivity. It suggests that the very conduct
and intensity of space exploration by a nation or international body serves as a public
good, regardless of how the results are measured. This value arises from societal
perceptions: space exploration enhances national prestige, projects symbolic leadership,
and contributes to broader dimensions of global competitiveness [28, 29]. The existential
metric is either applied independently or serves as a component of the TEV (total
economic value) measurement [20], which we further discuss in Section 4.

A third approach, often implicit in discussions of long-term exploration, views it as
expanding the domain of future utility — effectively generating potential value by
extending the scope of human activity. Crucially, this future use remains fundamentally
indefinite. Space exploration is often paralleled with American expansion into the
mainland, associated with the frontier concept and the broader idea of Manifest Destiny
[30]. Echoing this, Donald Trump invoked ‘our manifest destiny into the stars’ in his

' The Oxford English Dictionary defines exploration as ‘the action of travelling to or around an uncharted or
unknown area for the purposes of discovery and gathering information’
(https://www.oed.com/search/dictionary/?scope=Entries&qg=exploration). Thus, space exploration
encompasses human spaceflight and basic space research but excludes space applications.



2025 inaugural address [31]. The frontier is frequently cited as a symbolic foundation of
humanity's innate drive to explore, expand, and establish [32]. Yet the originator of the
frontier thesis, Frederick J. Turner [33], emphasized its instrumental value, writing: °...
The people of the United States have taken their tone from the incessant expansion which
has not only been open but even forced upon them.’ (italics added — D.P.) Hence,
acknowledging the historical continuity in territorial expansion into space does not
preclude the need to articulate its concrete motivations. In cases where these motivations
are not associated with particular utilitarian goals, as in today's space exploration, one
might consider them to embody option value, promising benefits deferred to an indefinite
future. It is worth noting that the frontier itself is no longer universally perceived as
positive. Schwartz [34] argues that ‘there 1s much room for skepticism about the role of
the space frontier with respect to cultural diversity, scientific innovation, and democratic
governance.” Moreover, these days the frontier narrative is often critically associated with
colonialist thinking [35].

Finally, the external productivity approach attributes the value of space exploration to the
positive externalities it generates, such as improvements in infrastructure, education,
scientific capability, and technological innovation. These second-order effects often form
the practical justification for public funding, particularly when the direct utility of
exploration may appear distant or uncertain [36].

These four perspectives are analytically distinct yet often overlapping; individual
programs can contribute to multiple value categories.

In this article, we rely on the theory of economic goods, especially in terms of public
goods, to jointly analyze the products and values produced during space activities. The
theory of public goods, as originally formulated by Samuelson [37] and expanded by
Musgrave [38], remains foundational for understanding the government’s role in
providing goods that markets typically under-supply — namely, those characterized by
non-rivalry and non-excludability, such as basic scientific research, free-for-all global
satellite navigation service, and planetary protection [39-48]. We consider space public
goods in more detail in Section 3.

In general, it is interesting to follow the different views in two major collective
monographs published three decades apart. The seminal Space Economics compendium
[49] mentions a concept of public good only in the context of the Landsat privatization
[50] and also as part of “quasi-public good” construction when discussing the industrial
spinoffs [36], while the contributors of recent Oxford Handbook on New Space Economy
[51] broadly refer to this category when discussing the role of economic sectors and
digital economy.

Although linking space activities with the concept of public good is common, the
interpretation varies based on each researcher's approach, assuming they even recognize a
public goods category (not all do; see, for instance, [52, p.137]) for a sharp criticism of



the public good category as such). Given increasingly complex, interconnected
intersectoral relationships [53], we argue categorical harmonization and transparency are
essential for theoretically understanding the space industry’s economic output.

In the next section we continue to economic goods, the first critical element of our view
at space economy structuring.

3 Classifying Goods in the Space Economy

Section 3 proposes a typology of goods produced by space missions, discusses
externalities and public-good characteristics, and introduces the Public Goods Input
Chain (PGIC) as an analytical tool to trace how combinations of private and intermediate
outputs may culminate in public value.

3.1 Conceptual and Methodological Foundations

A widely adopted classification of economic goods is presented by Ostrom [8, 41] in the
form of a quadrant chart. This matrix classifies private goods, public goods, club goods,
and common-pool resources (commons) based on two attributes: consumption rivalry and
excludability. A good is excludable if individuals can be prevented from consuming it. A
good is rivalrous if consumption by one individual diminishes others’ ability to consume
it [44]. Table 1 summarizes four basic types of goods and provides the most obvious
examples from the space economy domain.

Table 1. Quadrant of economic goods with example produced goods from the space
domain

Rivalrous Non-rivalrous
Excludable Private Good Club Good

Personal satellite Direct-to-home TV

communication Satellite navigation

Commercial Earth remote differential

sensing

Space tourism,

Non-excludable Commons Public Good

(not produced goods) National security
Fundamental space research
Civilian navigation field

Even if a public good is most often provided by the state, this classification reflects the
goods' nature, not the economic sector (public or private) that produces or manages them.

Goods-based typology is helpful for analyzing key aspects of the modern digital
economy [54], the organization of science [55], global development [56], and the



governance of shared resources [57]. These areas are directly relevant to the analysis of
space economics [58].

Applying this quadrant model to space, however, requires refinement. Specifically, we
address the distinction between public goods and club goods when analyzing complex
domains such as space activities, national defense, or education. Although such services
are often considered public goods [7], examples such as national defense — clearly non-
global — and space programs pursued for national prestige [59] suggest that their benefits
are limited to specific populations (typically citizens). Pirtle [35] cites the original NASA
mandate asking: ‘How should NASA work to the ‘benefit of all [humankind]’... Who is
included in that statement and how should they be involved?’

Territorial scope of a good's applicability is not an explicit criterion in the standard
rivalry-excludability matrix, though it often appears implicitly in related discussions.
Beetsma [60] discusses a European defense as ‘a public good when the public of
reference is the citizens of the EU.” The idea of ‘public of reference’ in conventional
public goods, even if not identified as such, has led to the development of the global
public goods framework [43, 61], which explicitly removes these constraints. It has also
stimulated interest in regional public goods [62].

Critically, territorial limitation for public goods functions similarly to club good
excludability [63]. In both cases, access to a non-rivalrous good is limited to a defined
group: citizens of a nation, inhabitants of a country, residents of a geographic area (as
with street lighting), or other defined populations. In the case of limited (non-global)
public goods, this boundary is set primarily by physical factors (geography); in club
goods, it is enforced through designed exclusion. Thus, we define limited public and club
goods as non-rivalrous and non-excludable within the group limited by either physical
access (for limited public) or designed exclusion (for club)?.

There is also an additional category of merit goods. We follow Fioritto & Kollintzas’s
[64] definition: merit goods are goods ‘provided by the government on paternalistic
grounds (e.g., individuals ought to consume them even if they (could) would not, acting
on their own self-interest).” Here, merit goods are an intentionally produced subset of the
full continuum of public goods, including government-owned space infrastructure and
science research data.

On this basis, we further consider two types of space-related public goods, including
territorially limited public goods and club goods, which may both be regarded as impure
public goods in this context, which differ by their production value chains. The first type,
merit public goods, includes public goods that are target outcomes of contracts and
programs, most often government ones. The second type, spillover public goods, includes

2We do not delve into the subtle issues of limited public and club good differentiating for more complicated
cases, for instance, when citizenship is a limiting factor and recommend insightful work [63] to those
interested.



public goods generated as externalities, the indirect results of other goods’ production.
An example is the general stimulation of national economic activity resulting from space
industry operations.

While originally linked to addressing market failures [65], recent perspectives emphasize
a proactive role of the ‘entrepreneurial state’ in producing certain goods and assuming
risks associated with innovation [66]. Given the vast scope and lack of consensus
regarding the state’s role, this paper focuses on the constructive aspects of goods
generation in the space sector, drawing on empirical observations of existing projects and
programs rather than analyzing sectoral dynamics.

Goods structure details what is produced; value frameworks detail the purposes for
production [67]. The value of produced private goods is relatively straightforward,
typically defined by market transactions. Evaluating public goods, both pure and impure,
1s more complex. Two well-established categories of public goods are national defense
and fundamental science. Although less tangible than satellite application-related private
goods, both have a long tradition of value-for-money assessment based on the decades-
long (if not centuries-long) methodological base of public finance [68, 69].

However, the value of public space activities extends beyond defense, basic research, and
industrial externalities. There is more to be considered. Scholars propose various
paradigms for holistically evaluating space exploration beyond traditional metrics. Baum
[70] introduces ethical dimensions, while Lawrence et al. [71] incorporate considerations
of space environmentalism. In this paper, we propose a framework to discuss the full
continuum of values delivered to different beneficiaries by goods generated through
space activities, with particular emphasis on the ‘hidden’ value of space exploration that
traditional paradigms do not capture.

3.2 Institutional Integration of Merit Public Goods

Private and public goods differ in consumption: non-rivalry and non-excludability (the
latter applies only to public goods) define them. Despite these differences, both private
and public goods must be produced first. Production involves both the physical
deployment of infrastructure and the creation of an institutional environment governing
consumption through specific rivalry and excludability attributes. In the space economy,
a good’s nature is shaped by consumption modifications at the value chain’s end.
Complex, multilayered technical and organizational systems in Earth observation,
satellite communication, or global navigation may yield component public goods that
serve national defense or commercial markets, depending on how procurement and
distribution are fine-tuned [72].

The physical deployment and operation of infrastructure producing public or private
goods do not fundamentally differ, especially given the growing role of public-private
partnerships and Anything-as-a-Service models [73]. Typically, the industry produces



goods and services that are private goods by nature. In the most common case of merit
good production, governments contract with industry to produce these goods/services,
add public-sector value (e.g., via state-owned enterprises or military organizations), and
convert the result into public goods (pure or impure).

We introduce a new category: Public Goods Input Chain (PGIC), a sequence of
intermediate goods, services, and resources required to produce a public good, excluding
the final institutional integration phase that converts these inputs into the publicly
accessible, non-excludable final good. It encompasses all material, technological, and
human capital essential for creating the public good.

The PGIC is instrumental in clarifying the separation between the tangible production of
public goods and the institutional frameworks that govern their consumption. Traditional
economic models often blur this line, making valuation difficult. We use the PGIC
framework further in discussions of value chain structures in the space economy.

While not ontologically novel, PGIC’s utility lies in differentiating the production
segment of the public good’s value chain from the institutional phase that establishes the
consumption mode, thereby defining whether the created good is private, public, or club.

PGIC highlights elements directly involved in production, such as infrastructure,
technology, labor, and raw materials, before incorporation into policy/governance
frameworks making the good available to society. Private firms or state-owned
enterprises typically produce these intermediate goods; the final public good benefits all
individuals within the ‘public of reference.’

The reusable Crew Dragon spacecraft demonstrates how a single production and
operational chain can serve different institutional contexts. The Public Goods Input Chain
(PGIC), covering design, manufacture, integration, and launch, stays technically uniform
across missions, though individual procedures and objectives vary.

Under NASA’s Commercial Crew Program [74], Crew Dragon flights support ISS
operations within a government-led PGIC that sustains collective human-spaceflight
infrastructure. Within this setting, commercial activities such as Space Tango’s
biotechnology work, Redwire’s manufacturing facilities, and the iBOSS modular system
illustrate how private actors function inside a publicly managed research framework
through the National Laboratory mechanism.

Privately financed missions such as Inspiration4 [75] and Polaris Dawn [76] use the same
PGIC but combine private outcomes - corporate visibility, technological validation, and
mission participation - with deliberately public components such as scientific and
biomedical research or philanthropic fundraising supporting merit- or public-good-
oriented activities. Educational and outreach effects are treated here as co-produced
externalities, positive spillovers accompanying public communication and engagement.



The PGIC concept, therefore, shows that technically similar supply chains can yield
different mixes of intentionally produced goods, depending on institutional integration,
the "last link" connecting production to its final public or private outcomes.

3.3 Externalities and Spillover Public Goods

Spillover public goods arise as side effects (externalities) of public or commercial
programs.

The GPS satellite navigation system exemplifies the transition from a club good to a
public good. Initially a military club good providing positioning, navigation, and timing
(PNT) signals, GPS gained public good status after Reagan permitted commercial airline
use (1983) and Clinton stopped degrading civilian accuracy (2000) [77]. GPS as a public
good might be considered a positive externality resulting from the military system
operations.

Benefits (e.g., free navigation) spill over to non-contracting parties (global population,
businesses) who do not pay for the development and operations. This unaccounted
benefit is an externality, an unintended side effect of the primary contract purpose
(national defense), additionally adopted for civilian/commercial use without
compensating original stakeholders.

Internalizing this externality may involve licensing agreements or user fees, public-
private partnerships to share costs and benefits, or taxes or fees on companies heavily
relying on the publicly built system for commercial operations.

3.4 Typology of Outputs in the Space Economy

Figure 1 illustrates the genesis of major types of goods in the space economy, originating
from ‘physically manufactured’ core private goods. Beyond merit public goods, we
include two types of spillover goods. Both arise during the core private goods
manufacturing. Spillover public/club goods — accessible beyond core private good
customers and contractors — emerge as positive externalities [63]. In contrast, spillover
private goods relate to industry development as a side effect of producing core private
goods [36].
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Figure 1. Economic goods in the space economy

A special category is platform-subsidized quasi-private goods. These services are offered
free or at low cost via a platform, financed indirectly (e.g., through advertising or data
licensing), fostering broad ecosystems. Google Maps, closely related to Earth remote
sensing, is a well-known example. We include this category due to its growing
prominence and its classificatory complexity within the traditional public/private
framework.

The next session considers values and valuation and introduces our suggestion of
adopting the Total Economic Value framework. At the end of Section 4, we use the
presented goods structurization for cross-referencing with values.

4 Valuation Through the Total Economic Value (TEV) Framework

Section 4 turns to the Total Economic Value framework, adapting it to the space context
and expanding it to capture both direct and indirect values, including option, heritage,
existential, and bequest values.

4.1 Applying TEV to Space Economy Goods

Beyond the tangible outcomes like commercial or military use, space endeavors produce
scientific knowledge, indirect effects (both internal and external, as noted by Bach et al.
[36] and others), and complex public goods. These public goods range from national
pride to comprehending humankind’s unlimited developmental future in space.

This value arises from goods generated either as externalities of specific projects or
intended outcomes of activities, most often by the public sector, which take the form of
impure public goods limited by access (Section 3). Despite frequent references to
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education, inspiration, and intangible benefits linked to space programs, these elements
remain conceptually underdeveloped.

Comprehensive identification and evaluation of indirect value are crucial: they underpin
the continued legitimacy of the public sector as a core actor in space exploration. A
robust framework accommodating non-market effects tailored to the space domain, but it
must remain compatible with evaluative methodologies used in other policy fields.

Given the acknowledged importance of the existential dimension of space economy [2,
p.1], along with other forms of indirect value previously discussed, we use the framework
of Total Economic Value.

Figure 2 summarizes the conceptual relationships among direct and indirect components
of TEV relevant to space activities; it does not imply a quantitative aggregation
procedure, which would require a separate methodological framework.

Total Economic Valuation

(TEV)

Use Value Option Value Non-Use Value

Direct Use

Indirect Use Heritage

Bequest

Figure 2. Framework of Total Economic Value (compiled from [20, 21])

TEV accounts for tangible benefits gained from the direct and indirect use of goods and
services, and intangible benefits that exist regardless of direct consumer engagement [21,
78]. Traditionally applied to environmental considerations within cost-benefit analyses of
development projects [79], it also has the potential for evaluating other complex
socioeconomic phenomena.

It provides a structured framework for assessing the full range of value generated by
goods and services, especially when traditional market valuation fails to capture their
broader societal impact. TEV distinguishes use values (benefits derived from actual or
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potential use) from non-use values (importance of a good or service independent of its
consumption).

Use values are typically divided into two categories. Direct use values arise from
immediate interactions (e.g., utility gained from using a service, product, or public
infrastructure). Indirect use values capture secondary benefits (e.g., environmental,
educational, or systemic advantages from a good’s existence).

Option value is the value of preserving the possibility of future use.

Non-use values are independent of use: existence value (knowing something exists),
bequest value (leaving it for future generations), heritage value (its relevance to present
identity or continuity). Together, these categories ensure that the TEV framework
encompasses both measurable utility and more abstract, but socially relevant, sources of
value.

A novel aspect is the recognition that goods that give rise to all included types of value
can be purposefully generated, rather than treated as given inputs. Thus, their value not
only justifies efforts to preserve them but also supports investing in their creation.

Applying this framework provides a holistic perspective on the value created by space-
related activities. This structured approach is crucial for understanding consumption
patterns and evaluating long-term economic impacts beyond immediate commercial
outcomes.

Use values in private and public goods are a practical category for assessing the
commercial component of the space economy. In contrast, option and non-use values
capture the broader societal and economic effects of an asset or service, irrespective of
whether individuals personally utilize them.

Applying the TEV to created goods entails significant challenges. Created goods, such as
space infrastructure and technological systems, differ fundamentally: intentionally
designed, dynamically evolving, and embedded in complex institutional and value chains.
These distinctions raise the need to reconsider how traditional TEV components—use,
option, and non-use values—are defined and measured in this context.

The TEV framework identifies the full spectrum of potential value categories rather than
their quantitative measure. In practical decision-making, these values must be considered
relative to the costs, risks, and opportunity constraints associated with each alternative,
but the cost—benefit comparison itself lies outside the present conceptual focus.

The following subsection illustrates this by focusing on option value, examining how
temporal uncertainty and long investment horizons shape value realization for created
goods.

4.2 Option Value in Created Goods: Temporal Framing
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Option value [20] reflects willingness to invest in maintaining access for potential future
use, despite lacking immediate benefits. For created goods, such as advanced
infrastructure or emerging technologies, the temporal dimension is especially salient.
Often, the expected payback period for these goods extends beyond conventional
planning or forecast horizons, challenging standard investment appraisal methods.

Comparing hypothetical extraterrestrial infrastructures illustrates this. A lunar base
mining Helium-3 [80], once a popular candidate for thermonuclear fuel, exhibits use-type
characteristics, with foreseeable and reasonably planned payback. This enables private
investment via commercial returns and discounted cash flow valuation. Nonetheless,
substantial risks remain—technological, market, and regulatory uncertainties—that continue
to challenge investors despite the clearer economic outlook. In contrast, a Mars colony
[81], as seen today, embodies option value: its potential benefits, such as terraforming or
resource exploitation, are distant and fundamentally uncertain. These features place the
Mars settlement beyond typical private investment horizons, necessitating sustained
public funding justified by long-term societal interests and intergenerational equity.

Evaluating option value thus demands frameworks incorporating temporal uncertainty,
irreversibility, and institutional capacity to manage long-term commitments. This
temporal and institutional perspective is essential for adapting TEV methodologies to
capture the unique valuation challenges posed by created goods with extended and
unpredictable benefit horizons.

China’s strategic planning document [82] exemplifies this. It integrates diverse
exploration fields, such as aerospace, deep sea, and deep Earth, under a unified ‘Future
Space’ framework, treating them as a single spectrum distinguished by differing time
horizons. Such integration aligns with the concept of option value, which emphasizes the
significance of maintaining access to uncertain future opportunities across domains with
variable and often extended temporal profiles.

4.3 Non-Use Values: Intergenerational Connection

Non-use values are traditionally subdivided into existential, bequest, and heritage values.
Among these, the existential value of space exploration is the most frequently discussed,
often associated with grand visions such as space colonization, transhumanism, and
terraforming [84]. However, the TEV interpretation is more restrained: while popular
discourse links existential value with survival and continuity of humankind and
civilization, the canonical TEV framework designates existential value to goods whose
worth lies in the mere knowledge of their existence.

In environmental contexts, existential value reflects awareness that a site/object exists —
even if inaccessible for any form of use, including aesthetic appreciation. Similarly,
celestial objects like Saturn’s rings hold this value. Yet a crucial distinction arises: the
environmental TEV model primarily aims to justify conservation efforts against
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anthropogenic destruction, whereas the suggested space exploration TEV framework
seeks to encompass the full array of benefits and values that humanity associates with
actively performed extraterrestrial endeavors and goods created in this way.

We argue space exploration embodies distinct locational existential value based on
‘awareness of accessibility’ rather than solely ‘awareness of existence.’ Its worth is
framed as ‘It is good that it is accessible to humankind’ rather than ‘It is good that it
exists.” This emphasis on accessibility complements the traditional notion of existence,
serving a similar functional role in the valuation of space exploration despite diverging
from the classical existential value definition.

Bequest and heritage values complement this, intersecting with concepts like the
common heritage of humankind [84]. Bequest value transmits non-use values (e.g.,
national pride and social identity) to future generations; heritage value inherits
accomplishments/cultural identity from ancestors.

Non-use goods encapsulate critical ‘intangible social affection’ underpinning space
programs. Launius [85] summarizes multiple surveys: ‘.while Americans may not know
much about the space program, they have a largely favorable opinion of it—over 70
percent say they have a favorable impression...The American public has long held
generally positive attitudes toward the space program, but is not very familiar with its
details.” Mahoney [86] notes that ‘for most people, space exploration is, and will forever
remain, primarily an emotional pursuit.’

Another example is sustained Russian human spaceflight through the politically and
economically challenging 1990s and 2000s [87]. A recent survey [88] reveals enduring
public interest in space exploration and its specific facets. More broadly, values tied to
intergenerational continuity hold special significance in cultures where preserving social
values and achievements across generations forms a cornerstone of national identity and
policy frameworks [89].

This conceptual exercise connects value types to underlying goods via temporal
distinctions. It differentiates use, option, and non-use values for created goods by time-to-
utilization profiles: use value corresponds to goods with predictable, though possibly
variable, timing of benefit realization; option value involves goods whose time to value
generation is fundamentally uncertain or depends on unforeseeable developments (such
as “black swan” events [90]; and non-use value pertains to goods whose benefits are not
associated with utilization as such and therefore lack a definable time of commencement.
This demonstration serves as a foundation for further refinement in adapting TEV
methodologies to created goods.

4.4 Cross-Referencing Goods and Value Categories

This subsection attempts to map economic goods produced by space activities to core

components of the Total Economic Value framework. Table 2 is structured with rows
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corresponding to the primary categories of generated goods (see Subsection 3.4) and
columns representing the principal elements of the TEV framework (see Subsection 4.1).

Evaluation applies to specific goods at a particular value-chain tier. Since it reflects
consumer value, evaluation depends on the consumer type and the utility derived from
the good. The same good holds different values for different consumers. For instance, a
communication satellite holds different values for its manufacturer, operator, and user—
contract revenue, operational efficiency, and service utility, respectively — illustrating that
evaluation depends on consumer type and context. This contrasts with environmental
TEV, which evaluates natural objects holistically for all users and ‘no-user’ beneficiaries.

Most physical outputs are core private goods associated with direct use value, whereas
merit public or club goods are intentionally developed to serve collective needs.
Distinguishing direct from indirect use values often depends on system architecture and

purpose.

The widely held notion that ‘space exploration has existential value’ can be formalized as
a spillover public good — ‘Awareness and Recognition of Extending Human Knowing
and Presence in Space’ — which, lacking contractual deliverables yet being non-
excludable and non-rivalrous, fulfills the criteria of a public good. Within the TEV
framework, its existential value is a non-use value derived from mere knowledge of this
collective endeavor. Analogous spillover goods arise from public perception of corporate
or technological contributions to exploration.

We also include a non-obvious pair of goods related to extraterrestrial resources to
illustrate the suggested differentiation between option and bequest values when it comes
to created goods. Option value applies when future utilization is feasible under current
institutional and legal frameworks, regardless of technological or economic hurdles,
which may evolve independently. Bequest value applies when institutional or legal
frameworks currently preclude utilization, preserving the good for future generations who
may benefit once those frameworks change. For example, ‘IP and technologies for space
resource excavation’ may align with either option or bequest value, depending on
interpretation of the Outer Space Treaty (OST) [91]. Under a restrictive reading that
precludes commercial exploitation, such goods represent bequest value — preserved for
future use once frameworks change. Under a permissive interpretation, they represent
option value — future benefits feasible within existing law.

This mapping provides a basis for developing evaluation models to rank goods —
especially those with non-use values — and potentially to associate them with quantitative
indicators within the TEV framework. Although preliminary, this represents, to our
knowledge, the first attempt to apply TEV systematically to the space economy and its
outputs, and it may serve as a foundation for further multidimensional ‘value-for-money’
analyses in space exploration.

Table 2. Goods and Value Categories in the Space Economy
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Good Types

Use values

DU

IU

Option
values

Non-use values

EX

HE

BQ

Core Private

Spacecraft, systems, equipment & constellations

Enabling infrastructure and data ecosystems supporting
multiple applications

Commercial satellite services

Third-party applications

Human capital

X | X |X| X |X

Emerging technologies

IP and technologies for space resources excavating
(permissive OST)

IP and technologies for space resources excavating
(restrictive OST)

Spillover Private

Pilot deployments and prototypes enabling near-term
commercial use

New technologies and capabilities

Emerging applications

Collateral IP

x

Knowledge transfer

Merit Public (incl. territorially limited)

Government civilian & military space infrastructure

Earth observation & navigation services with public
access

Open-access data platforms

Scientific knowledge

X |X| X | X

Global space situational awareness

National security assurance

Space-environment sustainability assurance

Weather-forecasting capability

Public education and outreach

X | X | X |X|X

Spillover Public (incl. territorially limited)

Incidental environmental monitoring data

Indirect benefits from public-private partnerships

x

Stimulation of economic activity

x

Awareness and recognition of extending human
knowing of and presence in space

Awareness and recognition of outer space as an infinite
potential resource for humankind

Entrepreneurial inspiration to increase involvement in
space activities

Awareness and recognition of national input into the
historical achievements in space activities
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Use values Non-use values

Option

Good Types
P DU | IU | values | EX | HE | BQ

Awareness and recognition of transferring the national
achievements in space activities to future generations

Merit Club

Licensed technical standards actively used within
membership groups

Collaborative development platforms with controlled
access

Spillover Club

Spillovers from club innovation X

Awareness and recognition of corporate (group) input in
space activities

Platform Subsidized

x

Free-access digital platforms
Citizen science contribution

x

DU - direct use; IU — indirect use; EX — existence; HE — heritage; BQ - bequest

4.5 Measuring Challenge

Associating goods with value is a necessary step toward developing detailed valuation
methods that enable comparisons across space projects and with initiatives in other
domains, such as fundamental science, environmental protection, or cultural heritage.

For direct-use private goods, valuation follows traditional market-based approaches,
relying on ex ante pricing and supply—demand dynamics.

Option value differs from anticipated future value primarily by its temporal uncertainty.
While future profits are typically discounted over time [92], the TEV framework captures
the subjective value of potential use at an indefinite future moment (see [77] for an
overview). Beyond contingent valuation, option value can be modeled by treating the
discounting period as a stochastic parameter. The state usually assumes funding
responsibility for programs with such indefinite horizons [93].

Non-use values are usually assessed through expert-based approaches such as Delphi
surveys and benefit transfer [94], or contingent valuation methods, including willingness-
to-pay and stakeholder consultations [95]. Survey techniques are popular for assessing
existential values [85, 88, 96], but they present specific challenges in the space domain.

First, most TEV studies evaluate naturally existing public goods: landscapes, ecosystems,
or heritage sites, rather than intentionally created non-use goods [67]. Second, space
infrastructure costs far exceed those of preserving terrestrial or heritage assets in an
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object-to-object comparison, complicating direct stakeholder surveys, especially when
beneficiaries are the national or global population [97]. Finally, generating new non-use
goods is inherently more complex than maintaining existing ones. Existential value,
while secondary, remains notable in human spaceflight programs, where social
preference studies confirm persistent public support [19, 88, 98].

At present, comprehensive valuation methods primarily legitimize option and non-use
values rather than provide operational tools. Before quantification, recognizing these
intangible benefits in planning frameworks is critical [99]; qualitative expert ranking may
suffice initially, while developing quantitative models remains a demanding next step
[100].

We conclude this initial examination of TEV adaptation for the space economy and
proceed to the institutional implications of the proposed frameworks.

5 Application and Conclusion
5.1 Institutional Implications

To demonstrate the relevance of applying public goods and TEV concepts, this section
considers the features of today’s global space-economy landscape, emphasizing the
renewed salience of public goods and the need for multiparametric evaluation methods
beyond purely monetary approaches.

Space securitization has accelerated markedly since 2022 amid resurgent multipolarity.
Governments, especially in Europe, which is experiencing its most serious security crisis
since World War I, are relearning public-goods discourse and reclaiming proactive roles
in deploying additional layers of satellite infrastructure [101]. This shift has sparked
fundamental debates about the institutional understanding of emerging roles and
challenges in the space domain [102].

The growing threats to the long-term sustainability of space underscore the urgent need
for rigorous research to substantiate international regimes and collaborative projects
aimed at mitigating space debris and orbital congestion [103]. Given the “first-come,
first-served” legal regime governing popular near-Earth orbits, particularly low Earth
orbit, preventing catastrophic debris chain reactions exemplifies a rare pure global public
good. Near-Earth space is thus frequently conceptualized as a commons [104].

The momentum gained by private enterprises, catalyzed by early NASA public-private
partnerships, has led to a growing push from companies such as SpaceX and Blue Origin.
They assert a role in space resource exploration and broader space exploration activities
[105]. The anticipated human-LEO transition from public to private actors [106], coupled
with imminent deployment and operations of lunar infrastructure within a complex
public-private environment [107, 108], further strengthens the call for greater legal
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autonomy. Their pursuit of independence necessitates reconsidering the role of non-
public actors in producing public goods and the legal framework that restricts significant
private entities from full autonomy in space, requiring them to operate under the
jurisdictional umbrella of their respective states [109, p. 389].

Finally, two homophonous yet distinct subfields illustrate different applications of public-
goods logic. Planetary protection, concerned with safeguarding extraterrestrial
environments from contamination following Earth spacecraft landings [110], parallels
canonical environmental TEV modeling. Meanwhile, planetary defense, which involves
protecting Earth from hazardous near-Earth objects, exemplifies the potential for
deploying a previously unseen form of pure public good with defense characteristics
[111].

5.2. Operational and Policy Applications

The combined PGIC-TEV framework (as well as each construct individually) has several
analytical and policy-level applications that can be summarized across four functional
domains.

Research and Analytics.

An in-depth analysis of the production of various types of economic goods during space
activities aligns conceptually with contemporary research paradigms in public-choice
theory [112] and welfare economics [113], thereby expanding the epistemological
foundation of space economics. The TEV-PGIC framework provides an additional lens
for analyzing new projects in the public and private domains, enabling a clearer
understanding of stakeholders’ interests, incentives, and investment directions. Together,
these analytical perspectives form the foundation for applied domains such as evaluation,
communication, and strategy.

Evaluation and Budgeting.

The TEV-based approach allows for the evaluation of space-exploration programs in a
broader context and the justification of their value across a wider spectrum of societal
impacts, thereby structuring the argumentation for setting priorities and allocating
resources. This is particularly useful when discussing high-level preferences for various
areas of non-commercial, non-market activities in the formulation of public budgets.

Communication and Public Perception.

The TEV framework can also be used to structure public discourse, helping to separate
symbolic and existential values from market-based arguments. This framework helps
shape more balanced communication strategies between agencies, businesses, and society
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by linking measurable results to cultural and existential values, which is especially
important when discussing missions with a strong symbolic or inspirational component.

Strategy and Policy.

A focused look at the common features and differing characteristics of generating various
types of goods in the public and private sectors is particularly relevant in the context of
the private sector’s ongoing expansion into domains of space activity previously reserved
exclusively for governments — including space exploration [105], habitable LEO
infrastructure [106], and the commercialization of various forms of space situational
awareness [114]. A PGIC-focused approach helps project architects identify intersections
between public and private interests. This is particularly useful when designing
architectures of shared-value creation in public—private partnership projects such as IRIS?
[115], where a common supply chain supporting the creation of physical and
organizational infrastructure eventually branches to generate value for distinct
commercial and public users.

5.3 Summary of Contributions

To summarize the preceding analysis, we highlight the following key contributions that
advance the understanding and development of space-economy scholarship and
governance doctrine.

1. Comprehensive overview of the classification of goods produced by space activities,
clarifying the distinctions among private goods, club goods, territorially limited public
goods, and pure public goods, establishing a foundation for analyzing outputs across
diverse space missions and programs.

2. Structural refinements enhancing the classical goods framework’s applicability to
space economics. These include explicitly accounting for territorial limitations that
function analogously to excludability in club goods; the concept of “goods created,”
highlighting that many space-related public goods are actively produced outputs rather
than naturally existing resources; and the Public Goods Input Chain (PGIC), a conceptual
model distinguishing between the physical production of goods and their institutional
consumption environments. Together, these elements improve analytical clarity and
provide a more symmetrical and realistic representation of space-economy goods.

3. TEV framework adaptation for holistic and structured evaluation that incorporates both
direct-use values, such as commercial satellite services, and indirect, option, existential,
symbolic, and non-use values that are often intangible yet critical. Its current utility lies
more in legitimizing recognition than in producing operational models.

4. Highlighting governance dynamics of space-generated value, including the re-
consolidation of oligopolistic market power in satellite mega-constellations and reusable
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launch systems, alongside geopolitical securitization repositioning public goods within
multipolar global frameworks.

In conclusion, we emphasize that this work represents an initial effort to apply the fusion
of economic goods theory and economic valuation approaches to contemporary space
economy challenges. Further development and practical adaptation of the proposed
directions and approaches will require intensive methodological and empirical research.
We consider our goal achieved if this work stimulates further dialogue and
methodological development among colleagues in both industry and academia.

Declaration of generative AI and Al-assisted technologies in the manuscript
preparation process

During the preparation of this work, the author used ChatGPT Al Assistant in order to
check grammar, syntax, and the structuring of the narrative. After using this service, the
author reviewed and edited the content as needed and takes full responsibility for the
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