
Space Debris



A multifaceted 
problem



Just stopping 
littering isn’t 
enough

European Space Agency, 2019

https://www.esa.int/Safety_Security/Clean_Space/ESA_commissions_world_s_first_space_debris_removal


Better 
tracking 
technology 
makes 
different 
removal 
strategies 
viable

Likely to increase the number of tracked 
objects 5x (Witze, 2018)

New US Space Force “Space Fence” 
radar system on Kwajalein Atoll can now 
track objects down to “roughly the size 

of a marble” (Etherington, 2020)

https://www.nature.com/articles/d41586-018-06170-1
https://techcrunch.com/2020/03/30/the-u-s-space-forces-space-fence-orbital-tracking-system-is-officially-operational/


Vigilantes in space?



Technical and 
financial challenges

Shan, 
Guo & Gill, 2016

European 
Space Agency, 2019

European Space Agency, n.d.

https://doi.org/10.1016/j.paerosci.2015.11.001
https://www.esa.int/Safety_Security/Clean_Space/ESA_commissions_world_s_first_space_debris_removal
https://www.esa.int/Safety_Security/Space_Debris/Active_debris_removal


Three 
emerging 
solution 
categories

Laser

Geomagnetic

Orbital resonance



Space-based laser 
systems

Figure 1. Example space-based laser system proposed by 

Shen, Jin and Chang (2014).

https://doi.org/10.1016/j.cja.2014.05.002


Ground-based laser 
systems

Figure 2. Example ground-based laser system proposed by 

Mason, Stupl, Marshall and Levit (2011).  

https://doi.org/10.1016/j.asr.2011.08.005


Geomagnetic 
systems

Figure 3. Geomagnetic momentum exchange system 

proposed by Feng, Li and Zhang (2019).

https://doi.org/10.1155/2019/5876861


“Passive” 
orbital 
resonance 
methods

The complex interactions of the Sun and 
Moon’s gravitational fields with that of the 
Earth creates anomalies in orbital paths 
known as “resonances” (Daquin et al., 2015)

If the dynamics of resonances were better 
understood, satellite operators could plan to 
exploit them as an energy efficient deorbiting 
or debris removal strategy (Skoulidou, 
Rosengren, Tsiganis & Voyatzis, 2019)

https://doi.org/10.1007/s10569-015-9665-9
https://doi.org/10.1016/j.asr.2019.02.015


The way 
forward

Continue with missions that use existing 
technology (such as the ESA’s CleanSpace-1) to 
remove the largest, most critical objects while 
continuing to develop a more flexible and cost 
effective geomagnetic-based solution for the 
medium-term future

Integrate laser-based systems with the Space 
Fence to protect active spacecraft from debris in 
the 1-10 cm size range and reduce collisions 
between inactive objects (note: Whipple shields 
can be used to protect against debris smaller than 
1 cm in diameter (Phipps et al., 2012))

Update international space law in a way that 
encourages the development of a space debris 
removal industry and continue to support 
research into orbital resonance methods

https://doi.org/10.1016/j.asr.2012.02.003
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