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THE PARALLEL WITH THE CLIMATE CHANGE

"THE TYRANNY OF SMALL DECISIONS"
[A situation in which a series of small, individually rational decisions, cumulatively result in a
larger and significant outcome which is neither optimal nor desired and can negatively
change the context of subsequent choices, even to the point where
desired alternatives are irreversibly destroyed.]
1966, Alfred E. Khan

THE PARALLEL WITH THE CLIMATE CHANGE - COMMON GOODS
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Both Earth ecosystems and space obrits can be considered as common goods

Natural ecosystems

Orbits

e.g. groundwater basins, lake, fisheries,
irrigation systems, pastures, forests

Rivalrous
Over-exploiting
ecosystems precludes others
from enjoying the same
benefit

LEO

Non excludable
Preventing parties from
accessing ecosystems is not
feasible

Rivalrous
Once a spacecraft is in a
given orbit, another cannot
occupy the same space at the
same time

NEGATIVE EXTERNALITIES
Lack of incentives to internalize costs related to misconduct

FREE RIDER PROBLEM
Privately beneficial strategies differ from socially optimal strategy

Non excludable
Preventing parties from
occupying orbits is not
feasible

THE PARALLEL WITH THE CLIMATE CHANGE - EXPONENTIAL EFFECTS
Both environmental stressors and space debris grow exponentially
EARTH SYSTEM TRENDS

ORBITAL ENVIRONMENT TREND

environmental stressors

space debris

Complex and partially unknown ecological
interactions determine cumulative impacts of
pollutants

Satellite collisions produce orbiting fragments, each of
which increases the predictable probability of further
collisions
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RESEARCH OUTLINE
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We focus on defining an economic model that encompasses three blocks:

1

LEVEL OF ATTRACTIVENSS MODEL
•
•

2

ENVIROMENTAL FACTORS: regulatory and technology risks
INDUSTRIAL FACTORS: costumer value and intensity of competition

COST-BENEFITS APPROACH
Generic assumption: the technologies of PMD, ADR refueling are developed by the private sector. The technologies are indicated in the formula as cost of
technology (CT). The probability of collision is indicated in the formula as Pc.
The Net Present Value (NPV) is composed by a future stream of revenues discount of interest rate. The cost of damages of satellites (C) is determined by the NPV
multiplied by the probability of collision.
C= (NPV*Pc)
C – Ct
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THE EVOLUTIONARY MODEL
For the objective of this presentation, we analysed the growht of the space obljects in LEO, the risk of collision between active satellites and
space debris and the mitigation role of selected technologies.
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THE EVOLUTIONARY MODEL

THE EVOLUTIONARY MODEL - (e.g., Rossi et al., Advances in Space Research, 57, 2016 )
ALL THE SCENARIOS share the following characteristics:
•

•

Considered objects (from ESA MASTER catalogue):
•
Altitude: LEO and LEO crossing orbits
•
Size: >10 cm and > 250 kg
•
Lifetime: 8 years (unless refuelling is applied)
The traffic launch of the past 8 years is repeated cyclically in the future.
The launch of a mega constellation similar to Starlink is simulated:
•
Time span: 2018-2048
•
Number of satellite:1594
•
Altitude: 550 km, distributed on 72 orbital planes
•
Size: mass of 250 kg and 1.5 m2 of area
•
Failure rate of satellites: 1 %
•
Lifetime: 4 years
•
Constant replenishing at the end-of-life
•
Post-mission disposal: 100% (low thrust de-orbiting in 60 days)
•
Collision avoidance efficiency: 100 %

REFERENCE SCENARIO
•

Post-mission disposal compliance: 40 % of the objects
which are supposed to do the end-of-life maneuver, according
to the 25-year rule (i.e. are not “naturally compliant”)

•

Refuelling of 2 satellites, starting in year 2050 (i.e., 2 “new”
satellites are not launched and the old ones are left in space
for 8 more years).
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NUMBER OF OBJECTS: THE SIMULATION OF 5 CASES
CASES
1A: PMD 60 % + refuelling of 8 satellites per year, NO ADR
2A: PMD 60 % + refuelling of 8 satellites per year, ADR of the 3 most “dangerous”
objects per year
2C: PMD 60 % + refuelling of 8 satellites per year, ADR of the 5 most “dangerous”
objects per year
2E: PMD 60 % + refuelling of 8 satellites per year, ADR of the 8 most “dangerous”
objects per year

CONSIDERATIONS
Comparing the 5 cases with the reference scenario, we see an important
reduction in the number of objects in the orbit that could create positive effects in
the medium-long term.
The case 2E is considered the best case scenario with the introduction of 8
ADRs per year.
•

If we assume that is feasible to develop 8 ADR per year, could be
developed a market?

•

If we assume that there is not a feasible market for ADR, the value created
is mostly related to the social factors for a global purpose. Is it needed the
international cooperation?

•

The cost-benefit ratio in monetary terms will put the viability of the business
of space debris removal under the question.
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NUMBER OF OBJECTES: THE INTRODUCTION OF BASE SCENARIO AND A
LONGER TIME-SPAN
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BASE SCENARIO
1 No spacecraft and no rocket body is implementing PMD
2 No collision avoidance
3 No ADR

Note that in the REFERENCE case (business as usual) the pace in the left panel is similar to an exponential as in the BASE case.
The right panel simulated on a longer time-span for the BASE case. From 2050, we can see an exponential growth if no mitigation measures are
adopted.
If we assume that scenario 2E (best case scenario) could be unrealistic to implement, we can consider scenario 1A significant for lowering the
reference curve.
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EXPECTED NUMBER OF COLLISION

Cumulative collision probability (expected number of
collisions”) in the 5 cases for all the objects in the
simulations.

This figure include the BASE case.
•

The exponential growth of the number of fragments

The trend of the reference curve is exponential.
Therefore the current business as usual would not affect
the lowering of expected collision.

•

if we do not take an action in the medium term (20202100), it will be more difficult to solve the problem in
the longer term and the costs could be higher.

CONCLUSION
RISK COLLISION CONSIDERATION
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THE WAY FORWARD

PRIVATE AND PUBLIC SECTOR
.

As seen the previous figures, it is apparent
that in non-mitigated (or poorly mitigated)
cases the future growth is more than linear.
The mitigation and remediation measures
are needed not only to keep the absolute
number low, but also to keep the growth
pace linear and with the smallest inclination
possible.
The longer we wait to solve the space
debris problem, the more expensive the
solution become.
The comparison with climate change
and the simulation of scenarios in the long
term (2050-2200), tells us that it will be
more difficult to solve the problem and the
impacts on active satellites could be
significant.

ROLE OF PRIVATE SECTOR
Considerations on Refuelling
• For satellites > 500 kg,
 Option1: additional cost of satellite
replacement:
 Option2: expected revenue from satellite
operator with life-extension of its satellite.
Considerations on PMD
• For mega-constellations, a high PMD rate
protects the orbital environment which is
synonymous with protecting the
operational service of their own
constellation.
ROLE OF PUBLIC SECTOR
Considerations on ADR
• If we assume the there is not private
market for ADR, the public sector
should develop this kind of technology
for a long term sustainability of LEO
• The value created is related to the
social factors.

INTERNATIONAL COOPERATION
AND FREE RIDERS PROBLEM
The scenarios illustrated that a
shortsighted, self-interested actions could
lead to higher collision risks, impacting
the business of the private sector in
longer term. In the mitigation scenario,
we assume the measures are not adopted
by the entire community.
These scenarios show a positive
mitigation effects, hence the problems of
free riders, those who would defect and
reap the benefits of parties who choose to
mitigate the risk in avoiding the tragedy of
the commons.
For this reason, the importance of
international cooperation.
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