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The defining obstacle to our expansion into outer space is not technological,
but conceptual. While our engineering ingenuity has already enabled
extraordinary feats — from lunar landings to Martian rovers and artificial
intelligence—our financial and monetary economics remain shackled to
inadequate assumptions that prohibit the sustainable expansion of our
footprint in outer space and drag us ever closer to the edge of an
ecological catastrophe on Earth. Today, neither billionaires, corporations,
nor governments are able to fund our multi-planetary or multi-habitat
future. I argue that our expansion into outer space requires a
fundamental rethink of our financial value framework, mathematics, and
monetary architecture. To unlock the massive investments needed for outer
space development and settlement, we must first integrate space as a
foundational dimension of value in finance—heretofore built around risk
and calendar time. The introduction of space as an analytical dimension in
finance is a first step that leads to a new principle of value, the Space Value of
Money (SVoM), which, in turn, triggers a profound change in our
mathematics and architecture. These transformations make the
monetisation of space possible, i.e., the creation of money based on
space value creation. The monetisation of space is translated into
systemic change through the introduction of new financial instruments
designed for central bank purchase. Public Capitalisation Notes (PCNs)
are proposed as a viable alternative that can help fund our sustainable
multi-planetary future.
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1 Introduction

It is estimated that the ‘space economy’ stood at $630bn in 2023 and is set to reach
$1.8 trillion by 2035. Interestingly, outer space exploration is only a minuscule
fraction, 2.4% in 2023, of this fast-growing sector (WEF-McKinsey, 2024). It
seems that the ‘space economy’ is very much Earthbound. While estimates differ,
the Q2 2025 Space Report finds that the ‘space economy’ has reached $613 billion
in 2024 (Space Foundation, 2025), there is wide consensus that the vast
majority of applications are primarily focused on the development and
commercialisation of outer space-based infrastructure to deliver goods and
services on Earth. Alternatively, on the public side, they are focused on their
operationalisation for the purposes of national security. Fuelled by downstream
services and the demand for digital and geospatial data, the proliferation of
satellites in LEO, MEO, and GEO underscores this momentum—from
11,700 active satellites in orbit as of May 2025 (LiveScience, 2025) to a projected
100,000 by 2030 (SIA, 2025; ESA, 2025).

Facilitating this expansion is the record-breaking orbital launch industry. January
2024 was the “busiest start to a year since the Space Age dawned in 1957” (Space
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Foundation, 2024). Between Q12023 and Q12025, humanity
achieved 546 orbital launches, 56.78% of which were achieved
by1 providers based in the United States, 27.84% based in China,
and 7.33% in Russia. The remaining 8.06% were achieved by
providers in India, Japan, Europe/France/Germany, Iran, South
Korea, North Korea, and Israel. These 546 orbital launches have
sent a total of 6,696 spacecraft to orbit, with a total upmass of
4,187,371 kg—the vast majority being satellites. The leading
launch providers are Space Exploration Technologies
(SpaceX), China Aerospace Science & Technology Corporation
(CASC), Roscosmos, and Rocket Lab. They have sent to orbit
5682, 377, 128, and 71 spacecrafts respectively (BryceTech, 2025;
Papazian, 2024).

While the communications, navigational, Earth observation,
and security applications of outer space technologies continue to
inspire a positive outlook (TechCrunch, 2025), attracting fresh
investments into the sector (Reuters. 2025), recent budget cuts
(Financial Times, 2025) and the debate around fiscal policy
(White, 2025) have raised deeper systemic concerns regarding
the current and future reliability of government procurement as a
stabilising force in the ‘space economy’ (Space News, 2025; Space,
2025). Given that private investors have always relied on
government contracts to provide predictable demand and long-
term partnerships that mitigate risks in space ventures, rising
public debt and fiscal uncertainty raise critical questions. If
governments are unable to sustain the current and relatively
limited space budgets, how can they fund the massive
investments needed to create, manufacture, deploy, and
maintain the new habitats of the future? Can billionaires and
corporations fill the gap when they are themselves reliant on
government procurement?

Today, neither billionaires, corporations, nor governments are
able to fund and sustain our multi-planetary or multi-habitat
future. I argue that the defining obstacle to our expansion and
settlement in outer space is not technological, but conceptual.
While our engineering ingenuity has already enabled
extraordinary feats — from lunar landings to Martian rovers
and artificial intelligence—our financial and monetary
economics remain shackled to inadequate assumptions that
prohibit the sustainable expansion of our footprint in outer
space and drag us ever closer to the edge of an ecological
catastrophe on Earth. I argue that our multi-planetary future in
outer space, beyond LEO, MEO, and GEO, requires a fundamental
rethink of our financial value framework, mathematics, and
monetary architecture. We can empower human productivity to
achieve our most daring visions on Earth and in outer space— but
not before we have reimagined money and value in finance
(Papazian, 2022; 2023; 2024).

To unlock the massive investments needed for outer
space development and settlement, we must first integrate
space as a foundational dimension of value in finance
— heretofore built around risk and calendar time. The
introduction of space as an analytical dimension in finance is
a first step that enables a new principle of value, the Space Value

of Money (SVoM). This in turn ushers in a profound change
in our mathematics and architecture, allowing the monetisation
of space, i.e., the creation of money based on space value creation.

2 Spaceless finance: without impact
and responsibility

The two core principles that define the analytical framework of
finance are Risk and Return and Time Value of Money. The entire
corpus of equations that define value and return in finance are
structured around these two principles. Risk and Return states that
the higher the risk the higher the expected return—given the risk-
averse nature of investors, higher risks imply higher expectations of
reward. Time Value of Money states that a dollar ($1) today is worth
more than a dollar ($1) tomorrow—given that a dollar today can
earn interest/return by tomorrow and be more than a dollar by
tomorrow. The main stakeholder of these principles, and the
equations they have given birth to, is the mortal risk-averse
return-maximising investor. Planet and humanity are not
formally recognised as relevant.

Furthermore, the current principles of value in finance leave our
evolutionary investments in a blind spot. This is so because they
negatively price distant returns and high risks, both key features of
all our evolutionary challenges, including outer space expansion and
settlement. “In fact, today, our evolutionary investments become
plausible and ‘affordable’ only when they can be made to make sense
within the preference framework of the mortal risk-averse return-
maximising investor” (Papazian, 2023, 14).

Table 1 provides a sample of the equations that have shaped the
finance discipline and our investments across public and private
markets, including stocks, bonds, firms, assets, and derivative
instruments. None of them have any context parameters, risk and
time proxies are used to assess the risk and time value of
investments. The impact of cash flows on our physical context
are left out from the analytical framework and the mathematics that
define value and return.

In other words, our core analytical framework and mathematics
in finance are spaceless. A review of finance textbooks and
professional and academic literature supports this claim.2

The absence of space as an analytical dimension in our equations
of value and return in finance has led us to the edge of an ecological
catastrophe on Earth and has also limited our ability to invest and
expand our reach in outer space. This is so because the absence of
our physical context from our value framework has led to the

1 Low Earth Orbit, Medium Earth Orbit, Geostationary Earth Orbit.

2 See Brealey et al., 2020; Pike et al., 2018;Watson andHead, 2016;Williams,

1938; Fama and French, 1992, 1993, 1996, 2004, 2015; Gordon, 1959;

Friedman, 1970; Gordon and Gordon, 1997; Gordon and Shapiro, 1956;

Markowitz, 1952; Modigliani and Miller, 1958; Ross, 1976, 1978; Roll and

Ross, 1980; Sharpe, 1963, 1964; Lintner, 1965; Merton, 1973; Black and

Scholes, 1973; Nobel, 1997; Graham and Harvey, 2002; Harvey et al., 2016;

Koller et al., 2011, 2015; Choudhry, 2012, 2018; Damodaran 2012, 2017;

Yescombe, 2014; Rosenbaum and Pearl, 2013; Isaac and O’Leary, 2013.

See also Papazian (2024), Papazian (2023), Papazian (2022) for further

details and a detailed discussion.
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TABLE 1 Sample finance equations: Bonds, firms, stocks, assets, options Source: Papazian (2024).

Sample bond valuation equations Elements

BondValue � ∑
n

t�1
Ct

(1+r)t + P
(1+r)n

n � Maturity orNumber ofPeriods
m � Number of Compounding
t � Moving time
r � Discount Rate, Yield toMaturity
P � ParValue ofBond
Ct � CouponPayments

BondValue � ∑
n×m

t�1
Ct

(1+( r
m))t +

P
(1+( r

m))n×m

Sample Stock and Firm Valuation Equations

P0 � D1
r−g P0 = Stock price

g = Constant Growth Rate in Dividends
r = Constant Cost of Capital
D1 = Next Year/Period Dividend

P0 � ∑
n

t�1
Dt

(1+WACC)t + Pn
(1+WACC)n

Pn = Terminal Value= (Dn+1/WACC-g)
Dt = Dividend at t
Dn+1 = Dividend at n+1
WACC = Weighted Average Cost of Capital
g = Constant Growth Rate in Dividends
FCFFt = Free Cash Flow to Firm at t

P0 � ∑
n

t�1
Dt

(1+WACC)t + Dn+1
(WACC−g).(1+WACC)n

FirmValue � ∑
n

t�1
FCFFt

(1+WACC)t + FCFFn+1
(WACC−g).(1+WACC)n

Sample Asset Pricing Models

Ri � Rf + βi × (Rm − Rf)βi � CovarianceRi ,Rm
VarianceRm

Ri = Return on security i
Rf = Risk Free Rate
βi = Beta= Systematic Risk Proxy
Rm = Return on market

E(Ri) − Rf � b1(E(RM) − Rf) + siE(SMB) + hiE(HML) E(Ri) − Rf = Expected Excess Return Stock i
E(Ri) = Expected Return on Stock i
Rf = Risk Free Rate
E(RM) = Expected Return on Market
E(RM) − Rf = Exp. Market Risk Premium
E(SMB) = Expected Size Premium
E(HML) = Expected Value Premium
bi, si, hi = Factor Sensitivities or Loadings

Modigliani Miller Corporate Value & Capital Structure Model

Vj � (Sj +Dj) � Xj

ρk

Vj = Value of Firm j
Sj = Market Value of Common Shares of j
Dj = Market Value of Debts of j
Xj = Expected Return on the Assets owned by the company
ρk = Capitalisation Rate for shares in class k

ij � ρk + (ρk − r) Dj

Sj

Black and Scholes Option Pricing Model

C � SN(d) − Le−rtN(d − σ
�
t

√ ) C = Value of Call Option
Nd = Normal Distribution Function
t = Time to Maturity
L = Exercise (Strike)Price of Option
σ = Standard Deviation of Return on Stock
r = Risk Free Interest Rate
S = Current Stock Price or Asset Price

d � ln S
L+(r+σ2

2 )t�
tσ

√

(Continued on following page)
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omission of space impact from our models, absolving investors from
their responsibility on the one hand, and ignoring the value of our
footprint on the other. Going to the moon or Mars have no intrinsic
value based on our financial framework and equations, unless they
generate cash flows. Our atmosphere, land, and oceans represent no
intrinsic value, and their responsible use is not entrenched in
our models.

3 The monetisation of risk and
calendar time

Our current financial value framework, built around risk and
time, is also evident in our monetary architecture, where money, at
the central and commercial bank levels, is created through debt
instruments and transactions. Money, in the form of currency, bank

FIGURE 1
Space layers Source: Papazian (2024). Reproduced with permission from Palgrave Macmillan.

TABLE 1 (Continued) Sample finance equations: Bonds, firms, stocks, assets, options Source: Papazian (2024).

Sample bond valuation equations Elements

Net Present Value & Cash Flow Valuation

NPV � ∑
T

t�0
CFt

(1+r)t NPV � CF0 +∑
T

t�1
CFt

(1+r)t
n � Time Horizon
t � Moving time
r � Discount Rate
II � Initial Investment
CFt � Future Expected Cash Flows at t

Net Present Value � −II +∑
n

t�1
CFt

(1+r)t
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deposits, and central bank reserves, “represents an IOU from one
sector of the economy to another” (McLeay et al., 2014a, 4).

In the modern economy, most money takes the form of bank
deposits. But how those bank deposits are created is often
misunderstood: the principal way is through commercial
banks making loans. Whenever a bank makes a loan, it
simultaneously creates a matching deposit in the borrower’s
bank account, thereby creating new money (McLeay
et al., 2014b, 1).

The money we used to buy bonds when we were doing QE did
not come from government taxation or borrowing. Instead, like
other central banks, we can create money digitally in the form of
‘central bank reserves’. We use these reserves to buy bonds.
Bonds are essentially IOUs issued by the government and

businesses as a means of borrowing money (Bank of
England, 2024).

Bonds are valued based on the equations listed in Table 1.
Future coupon payments are discounted to the present to
determine their risk and time value for the investor. Time
here is calendar time as all government and corporate bonds
used by central banks have a calendar time-based maturity and
repayment schedule. Risk is the only other variable used to
assess the eligibility of bonds for the purposes of money
creation, i.e., mainly default risk assessed through credit
ratings. The space impact of cash flows is not considered
as relevant.

Money creation to date is fundamentally structured around
calendar time. This is true for commercial bank loans as well as
bonds purchased by central banks.

FIGURE 2
Space layers in metres (length=10y) from any point of matter: Papazian (2024). Reproduced with permission from Palgrave Macmillan.
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Our calendar time dependent monetary architecture chains us
to a fixed and limited concept, undermining our ability to create
the resources we need to explore and settle in worlds that are at
great distances from our own, and have very different calendars
of their own. In the vast landscape of space, calendar time linked
debt-based money undermines our ability to explore what is
relatively limitless, i.e., space (Papazian, 2024, 125).

The Gregorian calendar we use today is built upon Earth’s
movements in outer space, rotation on itself (1 day) and
revolution or orbit around the sun (1 year). In other words, a
debt-based monetary architecture monetises the fixed movements of
Earth but not Earth itself. It monetises the rotation and revolution of
Earth in outer space but not outer space itself where other celestial
bodies have very different orbits.3 Our debt-based monetary system
reveals a human civilisation that monetises risk and calendar time,
echoing a risk and time-based financial value framework and
mathematics.

The Earthbound nature of the outer space economy can thus
be explained by a risk and time based financial and monetary
system that values cash flows and not space impact, that
prefers less risky dollars today rather than riskier dollars
tomorrow, that monetises the fixed movements of Earth but
not Earth itself.

A spaceless financial value framework, mathematics,
and monetary architecture constrain the public and private
parts of the outer space economy. Given that all money
supply, in all its forms, is on Earth, and all potential

clients are on Earth, the non-negotiable necessity to generate
cash flows and profits, or promise them, limit the reach
and activities of private outer space organisations. Public
agencies are free from such constraints, but they face their
own limitations linked to the nature of their
funding—government budgets are directly linked to the
public debts that impose a variety of restrictions on agencies
and departments.

4 The monetisation of space

Introducing the missing dimension into finance, i.e., space, our
physical context, must begin by offering a structured conceptual
representation of what we mean by space. To avoid a common
conflation, I define space as our physical context of matter,
irrespective of constitution, composition, density, dynamics, and
temperature, stretching from subatomic to interstellar space and
every layer in between and beyond, where outer space is but a
segment (Papazian, 2024). Introducing space as an analytical
dimension into finance is necessary in order to provide the
theoretical background through which space can be monetised.
Figure 1 is a conceptualisation of space, our physical context, as
defined above. It also includes the human body and the datasphere.

Naturally, these layers can be broken down into sublayers. Our
physical context, from an analytical perspective, can also be
presented in pure measurement form. An abstract
conceptualisation can be depicted through a three-dimensional
space of length l, starting from l = 100 m (1 m) and stretching
towards the astronomical and the infinitesimal (Eames and Eames,
1977; Papazian, 2023). A purely measurement-based
conceptualisation of our context can begin from any point of
matter, including the human body, the ocean surface, or land
surface (see Figure 2).

TABLE 2 The equations of space value Source: Papazian (2022).

Impact Aspect Net Space Value g × (PIT ,S,P + BIT ,S,B + HCIT ,S + RDIT ,S,N + NAID,S,A + NMIT )
PLANETARY Pollution

Impact PIT,S,P � ∑
T

t�1
∑
S

s�1
∑
P

p�1
Qpst × Cpst

Biodiversity Impact
BIT,S,B � ∑

T

t�1
∑
S

s�1
∑
B

b�1
Abst × Rbst

HUMAN Human Capital Impact
HCIT,S � f × ∑

T

t�1
∑
S

s�1
Est + Tst +Hst + Ist + Cst + Sst

R and D
Impact RDIT,S,N � ∑

T

t�1
∑
S

s�1
∑
N

n�1
hn × RDtsn

ECONOMIC New Asset Impact
NAID,S,A � ∑

S

s�1
∑
A

a�1
ka × BVAasD

New Money Impact NMIT � (II × DR × BLR) +mm × (II +XT −MT)

Coefficients Fairness
Health
Transition
Governance

f
h
k
g

∑
T

t�1
Across all time periods ∑

S

s�1
Across all space layers

3 See Papazian (2024) for a detailed discussion of how debt-based money

acts as a muzzle and leash when it comes to our ability to invest and

expand in outer space.
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Introducing space as an analytical dimension into finance is the
first step and must be followed by the formulation of a
complementary value principle to Risk and Return and Time

Value of Money. Risk and Return defines our relationship with
Risk, Time Value of Money defines our relationship with Time
(calendar time), and Space Value of Money (SVoM) defines our

FIGURE 3
Value Easing (VE) through a NASA PCN Source: Papazian (2024). Reproduced with permission from Palgrave Macmillan.
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relationship with space, our physical context. It establishes our
spatial responsibility and requires that a dollar ($1) invested in
space has, at the very least, a dollar’s ($1) worth of positive impact on
space (Papazian, 2022, 104).

The introduction of a space value of money principle leads to
new equations of space impact that allow us to transform our
financial mathematics of value and return. I do not derive the
equations of space impact in this article, for further details see
Table 2; Papazian (2024), Papazian (2023), Papazian (2022). The
principle and equations of space value achieve respect for space
and provide the tools through which we can value and invest in
space and outer space. “These changes are needed and necessary to
allow the proper valuation of our evolutionary investments, and to
remove the bias against highly risky investments with distant
returns. The preferences of the mortal risk-averse return-
maximising investor can now be balanced with the priorities of
the species and the planet. Indeed, beyond Earthly money supply,
our impact on and in space can now be valued and considered”
(Papazian, 2024, 191).

Figures 1, 2 provide conceptualisations of the ‘units of space’ to
look at across all the units of time under consideration. A space-
adjusted financial value framework and mathematics are necessary
prerequisites for the transformation of our monetary architecture, to
take us beyond the monetisation of risk and calendar time and
introduce themonetisation of space, i.e., the creation of money based
on space value creation.

The monetisation of space can be achieved without any
systemic shocks, through a new financial instrument designed
for the creation of new money by central banks—an alternative to
corporate and government bonds that can be used to inject new
money without debt. I have offered the conceptual design of such
an instrument, i.e., Public Capitalisation Notes (PCNs). PCNs are
not debt instruments and introduce a new logic of money
creation founded on space value creation. Figure 3 describes
the general flow and key features of a proposed NASA PCN
(Papazian, 2024).4

Echoing Quantitative Easing (QE) and Credit Easing (CE), I
have described the process as Value Easing. “Value Easing (VE)
is the transactional process undertaken by a central bank
that consists in purchasing non-debt, no-maturity, equity-
like, high space impact, value creating instruments from
qualified government agencies and/or public private
partnerships (PPP), with relevant Treasury sponsorship, that
increases the central bank’s balance sheet and injects new
liquidity outside the banking system” (Papazian, 2023).
Value Easing and PCNs are enabled through the introduction
of space, the space value of money principle, and ensuing
equations. In other words, PCNs translate the proposed
theoretical and mathematical transformations into tangible
systemic change.

5 Conclusion

The omission of space as an analytical dimension in finance
has led to the abstraction of space impact from our models. This
exclusion has had far reaching consequences for our
sustainability as well as expansion in space, i.e., our physical
context of matter, stretching from subatomic to interstellar
space and every layer in between and beyond, where outer
space is but a segment.

To date, our evolutionary investments have been left at the
mercy of the mortal risk-averse return-maximising investor and
his/her/their preferences. Given the high risks and distant
returns involved in outer space exploration and settlement
investments, the latter have been at odds with our principles
and equations of value in finance. To survive and grow, the
private outer space economy has been, and is, in pursuit of
Earthly money supply. Meanwhile, the public outer space
economy is continuously constrained by governmental
budgets and debts.

Our multi-planetary future is an evolutionary challenge,
and it is directly affected by a spaceless financial value
framework and monetary architecture. Indeed, a framework
and equations of value that omit space are structurally
incapable of funding our multi-planetary and multi-calendar
future. To initiate the hazardous long-horizon and massive
investments needed to invent, manufacture, deploy, and
maintain the new habitats of the future, we must first reinvent
money and value in finance in order to allow the monetisation
of space.

To achieve an evolutionary leap from a civilisation that
monetises risk and calendar time, we must first introduce
space, as analytical dimension and our physical context, into
our financial value framework and equations. This is a critical
first step that must be accompanied with a principle that
establishes the space value of money, which in turn leads to
fundamental transformations in our mathematics and monetary
architecture.

The above can be achieved, without systemic shocks,
through a new financial instrument designed for the purpose:
Public Capitalisation Notes. PCNs are conceived as
monetisation tools for central bank purchase. Like bonds and
Mortgage-backed Securities, they can be used to inject new
money into the economy, without debt, focused on impact
and space value creation, aimed at achieving our sustainable
multi-planetary future and addressing the many pressing
evolutionary challenges we face as a human collective.

The transformations proposed in this paper could secure long-
term sustainability and enable humanity’s expansion into outer
space, but they require a fundamental re-examination of the
assumptions underlying contemporary financial and
monetary economics.
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The author is a Founder and Director of the Space Value
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Economics at the American University in Dubai, UAE.

4 As I have argued in Papazian (2024), Papazian (2023), Papazian (2022), the

introduction of PCNs to fund economy wide investments in outer space

exploration and settlement can also be replicated to address other

evolutionary challenges. Moreover, PCNs can also help us address the

US public debt question and transform the debt ceiling into awealth floor.
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