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ABSTRACT 

The ISO / Technical Committee 20 / Sub-committee 14 
develops debris-related standards and technical reports 
to mitigate debris and help ensure mission and space 
sustainabilit y. While UN Guidelines and the IADC 
Guidelines encourage national governments and 
agencies to promote debris mitigation design and 
operation, the ISO standards will  help the global space 
industry promote and sustain its space-related business.  

In this paper the scope and status of each ISO standard 
is discussed within an overall framework. A comparison 
with international guidelines is also provided to 
demonstrate the level of consistency. Finall y, as a case 
study, the ISO standards are applied to a CubeSat 
mission, thus demonstrating their usabilit y on a 
relatively recent and popular class of satellite. 

1 I NTRODUCTI ON 

During the past decade or so, a number of 
internationall y-agreed guidelines and recommendations 
have been published with the aim of mitigating the 
growth in orbital space debris. In particular, the 
guidelines of the Inter-Agency Space Debris Co-
ordination Committee (IADC) recommend important 
debris mitigation measures that should be implemented 
in the design and operation of space systems. Whil st 
guidelines such as these provide a common 
understanding for the adoption of mitigation measures, 
they are not necessaril y written in a style that is suitable 
for application in the commercial world. This can lead 
to differences in interpretation, with consequences for 
fair competition and for long-term sustainabilit y of 
space activities. 

Because remediating the space environment is 
challenging with existing technologies, the most 
effective way to ensure the long-term sustainabilit y of 
space activities is currently to standardize the 
implementation of debris mitigation measures. 
Standardization wil l have a major role in the coming 
years to help regulatory bodies and operators to create 
and apply, in an eff icient manner, appropriate space 
debris regulations and best practices. Since 2003, ISO – 
the International Organization for Standardization – has 

been meeting this challenge by transforming the IADC 
guidelines into a set of measurable and verifiable 
requirements to minimise the creation of debris during 
the launch, operation, and disposal of space systems. 
The requirements are contained in a series of standards 
that also capture industry best practice and specify 
definite actions to be taken by satellite manufacturers 
and operators to achieve compliance. 

It should be noted that the measures contained within 
the ISO debris mitigation standards can be adopted 
voluntaril y, or be brought into effect through 
commercial contract, or be incorporated as a condition 
within national regulations. Thus, for new space-faring 
nations, who want to establish a regulatory framework, 
the ISO standards can assist in the creation of binding 
national regulations. 

2 BACK GROUND 

2.1 Or bital Debr is Envir onment and Maj or  
Contr ibut ing Factors  

The orbital debris environment has deteriorated to the 
point that the risk of debris-induced damage cannot be 
ignored even for unmanned spacecraft. 

The major causes of debris generation are: 

x Mission-related objects released during operations. 

x Break-ups caused by intentional or accidental 
fragmentation as a result of collisions or 
explosions. 

x Space systems left in useful orbital regions after 
the end of operations. 

In an effort to address these problems the Inter-Agency 
Space Debris Coordination Committee (IADC) issued a 
debris mitigation guidelines document in 2002 (updated 
in 2007). Subsequently, in 2008, the United Nations (via 
UNCOPUOS) published high-level guidelines designed 
to be consistent with the IADC. Both documents are 
very important since they establish a common 
understanding for the recommended implementation of 
debris mitigation measures. They have also provided a 
solid foundation for the construction of a set of debris 
mitigation standards within ISO. This has been an on-
going activity since 2003. 
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A key objective of the ISO debris standards is to 
formulate the recommendations contained in the IADC 
and UN guidelines in such a way that they can be 
readily applied in the contractual agreement between a 
customer and supplier. This helps to avoid differences in 
interpretation during the procurement of spacecraft or 
launch services. Thus, within an international context, 
the widespread adoption of ISO debris standards will  
help to foster fair competition and promote long-term 
sustainabilit y of space activiti es. 

The ISO debris standards can also be used as the basis 
for national regulations on space debris mitigation. For 
new space-faring nations wanting to establish a 
regulatory framework this is especially advantageous 
since it overcomes two significant dif ficulties: 

x Dealing with global issues of safety and debris 
mitigation on a national scale. 

x Not unfairly hampering the competiti veness of 
national operators. 

2.2 Fr amewor k in ISO/TC20/SC14 

The ISO Space Systems and Operations Committee 
(TC20/SC14) – a space standards committee comprising 
representatives from industry, science and institutional 
organizations – has the skill s necessary to succeed in 
this challenge. Responsibilit y for the preparation of 
debris mitigation standards is shared between all seven 
of SC14’s working groups, and is coordinated by WG7 
(Orbital Debris Coordination Working Group) – see 
Figure 1. 
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2.3 Str uctur e of I SO space debris 
mi t igat ion standar ds 

The overall structure of the ISO standards is presented 
in Table 1. The set of debris standards consists of a core 
standard and several lower-level standards which 
provide detailed practices, procedures and techniques 
supporting the core standard. 
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Note 1: CD – Committee Draft; DIS – Draft International 
Standard; IS – International Standard; TR – Technical Report 

Note 2: *: Published 

3 I ntr oduct ion to the top-level I SO debri s 
mi t igat ion standar d – I SO 24113 

The core standard, namely “I SO 24113: Space Debris 
Mitigation Requirements” , contains high-level 
requirements which aim to mitigate debris by: 

- limiting the release of objects during mission 
operations, 

- preventing break-ups, 
- disposing of space systems outside the protected 

orbital regions, and 



 

- ensuring ground safety when objects re-enter. 

Thus, the concept is broadly similar to the international 
guidelines. Although ISO 24113 does not include 
measures relating to impact protection or collision 
avoidance, ISO provides other standards or technical 
reports which address these topics. A technical report on 
conjunction assessment is currently being prepared. 
Similarly, to improve protection against small debris 
impacts, a standard is being developed on the 
assessment of spacecraft impact survivabilit y. These and 
other supporting documents will  be publi shed in the 
near future.  Table 2 shows a comparison of ISO 
standards with UN and IADC guidelines. 

3.4 I ntr oduct ion to the main suppor t ing 
I SO debr is mi t igation standar ds 

Today the SC14 working groups are in charge of 13 
supporting standards and technical reports which 
describe space debris mitigation good practices. The 
scope of these standards is as follows: 

(1) ISO 26872: Disposal of satellit es operating at 
geosynchronous altitude  

 This International Standard prescribes requirements for 
planning and executing manoeuvres and operations to 
remove an operating satellit e from geosynchronous orbit 
at the end of its mission and place it in an orbit for final 
disposal where it will not pose a future hazard to 
satellit es operating in the geosynchronous ring.  

(2) ISO 27852: Estimation of orbit l ifetime 

This International Standard describes a process for the 
estimation of orbit lif etime for satellites, launch 
vehicles, upper stages and associated debris in LEO-
crossing orbits. The standard also clarif ies the 
following: 

- modelli ng approaches and resources for solar and 
geomagnetic activity modelli ng, 

- resources for atmosphere model selection, and 
- approaches for satellite ballistic coeff icient 

estimation. 

(3) ISO 27875: Re-entry ri sk management for 
unmanned spacecraft  and launch vehicle orbital 
stages 

This International Standard provides a framework with 
which to assess, reduce and control the potential risks 
that spacecraft and launch vehicle orbital stages pose to 
people and the environment when those space vehicles 
re-enter the Earth's atmosphere and impact the Earth's 
surface. The standard is intended to be applied to the 
planning, design and review of space vehicle missions 
for which controlled or uncontrolled re-entry is possible. 

(4) ISO 23339: Estimating the mass of remaining 
usable propellant 

This International Standard describes requirements for 
estimating the mass of remaining usable propellant of 
spacecraft for designing propellant measurement 
systems. The standard applies to spacecraft with either 
mono- or bi-propellant propulsion systems using liquid 
or gaseous chemical propellants.. In order to perform 
spacecraft disposal manoeuvre as planned, the 
estimation of available propellant mass becomes 
essential. 

(5) ISO 16127: Prevention of break-up of 
unmanned vehicle 

This International Standard defines the requirements to 
reduce the risk of on-orbit break-up of unmanned 
spacecraft, both the possibilit y of a break-up caused by 
an unplanned internall y-caused event and by depleting 
to a safe level all the sources of stored energy at the end 
of a spacecraft’s life. The standard is designed for use in 
planning, verifying and implementing the prevention of 
break-up of a spacecraft. 

(6) ISO 16164: Disposal of satelli tes operating in or 
crossing Low Ear th Orbit 

This International Standard focuses on the disposal of 
satellites operating in, or crossing, Low Earth Orbit.  
Post-mission disposal of an Earth-orbiting satellite 
broadly means removing the satellite from its 
operational orbit to a region of space where it is less 
likely to interfere or collide with other operational 
satellites or with orbital debris. This standard specif ies 
requirements for: 

- planning for disposal of satellites operating in LEO 
to ensure that final disposal is suff iciently 
characterised and that adequate propellant will  be 
reserved for any propulsive manoeuvre required, 

- selecting a disposal orbit where the satellite will re-
enter the Earth’s atmosphere within the next 25-
years, or where the satellite will not re-enter the 
protected region within the next 100-years, and 

- estimating, prior to launch, a 90% or better 
probabilit y of successfull y executing the disposal 
manoeuvre. 

(7) ISO 16699: Disposal of orbital launch stages 

Post-mission disposal of launch vehicle orbital stages 
broadly means removing the stages from the protected 
regions of space (see ISO 24113) so as not to interfere 
or collide with the other users of those protected regions 
in the future. Post-mission disposal also means 
passivating the stage in its current orbit if  such an orbit 
is considered to be a disposal orbit for the specific space 
program. 

(8) ISO 16158: Space systems - Avoiding collisions 
with orbiting objects 

This Technical Report is a guide for establishing 
essential collaborative enterprises to prevent collisions 



 

between orbiting objects. The orbits of satellites must be 
compared with each other to discern physicall y feasible 
approaches that could result in colli sions The process 
begins with the best possible trajectory data, provided 
by satellit e operators or sensor systems developed for 
this purpose.. The trajectories so revealed must then be 
examined more closely to estimate the probabilit y of 
collision. The spectrum of feasible manoeuvres must be 
full y examined whenever colli sion risk exceeds the 
operational collision risk thresholds and/or violates miss 
distance criteria establi shed by each satellite operator. 

(9) ISO 11233: Orbit determination and estimation 

This Technical Report prescribes the manner in which 
orbit determination and estimation techniques are to be 
described so that parties can plan operations with 
suff icient margin to accommodate dif ferent individual 
approaches to orbit determination and estimation. The 
Technical Report prescribes the information that shall  
accompany such data so that collaborating satellite 
owners/operators understand the similarities and 
differences between their independent orbit 
determination processes. Of course, orbit determination 
and estimation is key to analysing conjunctions between 
orbiting objects and assessing the probabilit y of 
collisions 

(10) ISO 14200: Guide to process-based 
implementation of meteoroid and debr is 
environmental models 

This International Standard specifies the common 
implementation process for meteoroid and debris 
environment models for risk assessment of spacecraft 
and launch vehicle orbital stages. The standard gives 
guidelines for the selection process of models for impact 
risk assessment and ensures the traceabilit y of using 
models throughout the design phase of a spacecraft or 
launch vehicle orbital stage. 

(11) ISO 16126: Assessment of survivabili ty of 
unmanned spacecraft  against space debr is and 
meteoroid impacts to ensure successful post-
mission disposal 

This International Standard defines requirements and a 
procedure for assessing the survivabilit y of an 
unmanned spacecraft against space debris and 
meteoroid impacts to ensure the survival of critical 
components required to perform post-mission disposal. 
The standard also describes two impact risk analysis 
procedures that may be used to satisfy the requirements. 

(12) ISO 11227: Test procedure to evaluate 
spacecraft  material ejecta upon hypervelocity 
impact 

This International Standard describes an experimental 
procedure for assessing the behaviour, under orbital 
debris or meteoroids impacts, of materials that are 
intended to be used on the external surfaces of all types 
of low earth orbits. The standard establishes the 
requirements for the test methods to be satisfied to 

7DEOH����&RPSDULVRQ�RI�,62�VWDQGDUGV�ZLWK�81�JXLGHOLQHV�DQG�,$'&�JXLGHOLQHV�

 

 
Measures ISO Standards (or Technical Reports) UN Guidelines IADC Guidelines 

/
LP
LW
LQ
J
�'
HE
UL
V�

*
HQ
HU
D
WL
R
Q
 

5
HO
HD
VH
G
�

2
E
MH
FW
V Mission related objects ISO-24113 / §6.1.1 Guideline-1 § 5.1 

Slag from Solid Motor ISO-24113 / §6.1.2.2, §6.1.2.3 
 

-- 

Products from Pyro. ISO-24113 / §6.1.2.1 ( < 1 mm) 
 

-- 

2
Q
�R
UE
LW
D
O�

%
UH
D
NX
S
V Intentional Destruction ISO-24113 / §6.2.1 Guideline-4 § 5.2.3 

Accidental Break-up ISO-24113 / §6.2.2   (Probabilit y < 10
-3
) Guideline-2 § 5.2.2 

Post-mission Break-up ISO-24113 / §6.2.2.3 (Detailed in ISO-16127) Guideline-5 §5.2.1 

'
LV
S
R
VD
O�
 

D
W�
(
Q
G
�R
I�
2
S
HU
D
WL
R
Q
 

*
(
2

 

Re-orbit at EOL 
ISO-24113 / §6.3.2 (Detailed in ISO-26872) 

§6.3.2.2:  235 km+ (1,000íCríA/m), e < 0.003 
§6.3.1:  Success Probabilit y > 0.9 

Guideline-7 
§ 5.3.1 

 

/
(
2
��
0
(
2
� Reduction of Orbital 

Lifetime 

ISO-24113 / §6.3.3 (Detailed in ISO-16164) 
§6.3.3.1:  EOL Lifetime < 25years 
§6.3.1:  Success Probabilit y >0.9 

Guideline-6 
§ 5.3.2 

(Recommend 25 years) 

Transfer to Graveyard ISO-24113 / §6.3.3.2 (f) Guideline-6 § 5.3.3 

Other manners ISO-24113 / §6.3.3.2 (a) ~ (e) 
 

§ 5.3.2 

5H�HQWU\ Ground Casualty ISO-24113 / §6.3.4  (Detailed in ISO-27875) Guideline-6 § 5.3.2 

&ROOLVLRQ�$YRLGDQFH� ISO-16158 Guideline-3 §5.4 
3URWHFWLRQ�IURP�,PSDFW�RI�'HEULV ISO-16126 

 
§ 5.4 



 

characterize the amount of ejecta produced when a 
surface material is impacted by a hypervelocity 
projectile. Its purpose is to evaluate the ratio of ejecta 
total mass to projectile mass, and the size distribution of 
the fragments. These are the necessary inputs to model 
the amount of impact ejecta that a surface material 
might release during its orbital lif etime, thereby helping 
to assess its suitabilit y for space use, with the mitigation 
of small space debris in mind. 

(13) ISO 18146: Design and Operation Manual for 
Spacecraft  Operated in the Debri s Environment 

This Technical Report will  support engineers and 
operators in the application of debris mitigation 
measures during the design and operation of spacecraft. 
In particular, the document will present what should be 
done in the design of spacecraft systems, subsystems 
and components during each of the development phases.  

This Technical Report will systematicall y guide those 
engineers who are responsible for concept design, 
system design, subsystem design, component design, or 
operations in complying with the technical requirements 
and recommendations. 

4 ISO Contr ibut ion For  Newcomers 

The space industry is very evolutionary and dynamic, 
with many newcomers who are not yet familiar with 
debris-related issues even though they may have mature 
qualit y and reliabilit y management processes. In the 
past, intentional destruction and post-operation break-
ups were responsible for the majority of debris 
generation, but international guidelines and design 
improvements have helped to reduce these debris 
sources.   

Future concerns include break-ups caused by 
malfunction due to the lack of qualit y and reliabilit y. 
Newcomers are expected to learn the entire spectrum of 
debris mitigation measures and approaches.  These 
include ISO debris mitigation standards addressing 
program management, design methods, production 
technology, operation techniques, analysis tools, 
models, and hardness design. 

As part of our ISO outreach, the SC14 Orbital Debris 
Working Group is producing informative literature on 
debris mitigation and presenting papers such as this one.  
These are especially pertinent for newcomer 
organizations and countries involved in today’s rapid 
production, launch and deployment of micro-, nano- and 
CubeSat satellites who are unfamiliar with such 
standards.  

5 I SO Standar ds Appl icable to CubeSat  
Debr is M it igat ion 

Satellite design, manufacturing, and operations are 
evolving rapidly due to continual advances in 

miniaturization, communications, capacity and space 
sensors.  This is especiall y prevalent in the areas of 
microsatelli tes and the standardized “CubeSat”  
platform, where there are many newcomers to the space 
business who are not yet famili ar with international 
space operations and debris mitigation guidelines, 
mandates and best practices. 

ISO serves as a key resource in this regard by 
identifying and codifying space industry best practices 
to ensure the sustainabilit y of space activities.  We are 
especiall y working to educate the small satellite 
community on these applicable space operations and 
debris mitigation approaches relevant to design, launch, 
deployment and operations of small satelli tes.   

5.1 The CubeSat Debr is M it igat ion 
Quandar y 

A critical issue with CubeSats currently is the prevalent 
lack of an orbit disposal plan or proper orbit selection.  
Examination of all  CubeSats launched prior to 2012 
revealed that CubeSat operators typically do not adhere 
to existing IADC guidelines and ISO standards that 
limit post-mission LEO-crossing orbit lif etime to 25 
years.  For the 45 deployed CubeSats contained in the 
red icon clusters depicted in Figure 2, it is estimated that 
less than half of these CubeSats will have an expected 
LEO-crossing orbit lif etime of less than 25 years.   

The primary cause for this lack of CubeSat compliance 
is that launch access to space is very diff icult for the 
CubeSat community unless one is able to secure a ride 
as a secondary payload, in which case the primary 
satellite(s) select the orbit. Unless the launcher is able to 
deliver the CubeSats into a separate CubeSat-tailored 
orbit, CubeSat operators are typicall y placed into a non-
complying orbit. This leads to space debris mitigation 
issues, since it is still r are that CubeSats have any sort of 
deorbit module, chemical or electric powered fli ght, 
solar sail,  electro-dynamic tether, or drag enhancement 
device to expand their orbital envelop while still  
complying with the 25-year orbit lif etime limit. 

When possible, a better CubeSat launch arrangement is 
to manifest a single (small) launcher capable of carrying 
CubeSats to a CubeSat-tailored and compliant orbit, 
such as has been done on certain DNEPR flights.  
Advocacy for such “chartered” flights should come 
from the CubeSat community as well as the launch 
“brokers”  that are supporting them.  The CubeSat 
community can identify a sustainable low-cost 
opportunity for launching a large number of CubeSats 
on a single launch vehicle as a primary payload, thereby 
facilitating sustained access to space for small -scale 
research missions.  This will help foster sustainable use 
of LEO space. 








