Visualizing Small Sat Constellation Tradeoffs
with Charts
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Christopher Kalitin Blog (https://ckalitin.github.io/posts/small-constellation-charts/)

Spreadsheet Link (https://docs.google.com/spreadsheets/d/1VOgRbnAsQZdGIPoemRj5ApSLk_jxGanNIliWEPnBB3p4/edit?g
id=882883017#qid=882883017)

Tell me where I’'m wrong or just give compliments here (https://x.com/CKalitin/status/1813437503480696867).

What Data Do We Need?

Cost vs. Sat Count for Different Providers
100 kg Satellites + 5 Minimum Launches (Variety of Orbital Planes)
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In my previous blog_post (https://ckalitin.github.io/space/2024/07/04/small-sat-constellations.html) | gained an
intuitive understanding of the tradeoffs for the different methods of launching small sat
constellations. This blog post is an exercise in quantifying and visualizing that understanding.

Yesterday | felt the need to create a visual representation of the tradeoff between small sat
constellation operators choosing either Electron, Alpha, or Transporter. The result was the chart you
see above. It clearly shows the size of constellation where Electron, Alpha, or Rideshare are the
best options. However, this doesn’t take into account variables other than the raw cost, such as the
suboptimal orbits of rideshare missions, true Transporter mission costs, or the low annual mass to


https://docs.google.com/spreadsheets/d/1VOgRbnAsQZdGIPoemRj5ApSLk_jxGanNliWEPnBB3p4/edit?gid=882883017#gid=882883017
https://docs.google.com/spreadsheets/d/1VOgRbnAsQZdGIPoemRj5ApSLk_jxGanNliWEPnBB3p4/edit?gid=882883017#gid=882883017
https://x.com/CKalitin/status/1813437503480696867
https://ckalitin.github.io/space/2024/07/04/small-sat-constellations.html

orbit capability of Electron because of its “low” cadence coupled with it's low payload capacity
(Isn’'t it great we get to live in a world in which 20 launches per year is “low” cadence, get on
SpaceX’s level guys!).

The solution to getting a more accurate picture of the tradeoffs is to abandon the true cost of
launch and replace it with Adjusted Cost, a score that takes into account the issues laid out above.
This is a simple concept, adjust the cost with a multiplier that uses the number of satellites as the
input variable.

Orbit Detriment Multiplier (Rideshare): y = 85 * 2.717(-0.08*sat count)
Cadence Detriment Multiplier (Dedicated): y = 0.0005(sat count - 20)"~1.5

Orbit Detriment starts very high at 0 satellites and approaches zero as we near 100 satellites. This
represents the fact that rideshare missions can’t be used to launch small constellations that require
specific orbits like NASA Tropics, Capella, or BlackSky. It shifts the calculus towards dedicated
launches for constellations with a low number of satellites.

Cadence Detriment begins at 20 and scales exponentially with the number of satellites, this takes
into account the fact that Electron can’t launch 100 times on a whim. Furthermore, there is a
minimum orbital plane input which sets the floor for the number of launches, this is required to get
accurate data between Electron and Firefly’s Alpha at low satellite counts.

The result is several charts that are available here (https://drive.google.com/drive/folders/14e-rQjeAEDLuwaDg5

BAVVCHwO09pzt7JR?usp=drive_link).

Insights

1. Most Constellations Below 100 Satellites Are Either 100kg or 50kg

Data ends Dec 31 2023 (mostly)

Constellation / Company Categol SatCount Launches SatMass Launch Vehicle| Orbits Rideshare Addressable Unique Plane Required Planned Sats Notes

Planet Labs h 542 29 5.0 kg Soyuz, Antares, | LEO / Rideshare SSO  Yes (Scale) ~ No (Scale) 543+

Spire Global Communications ™ 166 M 4.0 kg PSLV, Atlas V, A LEO Yes (Scale) ~ No (Scale) 166+ Many uses: Ship tracking, m
Swarm Communications ™ 150 13 0.3 kg Vega, Electron, F Unique Plane / LEQ/ S Yes (Scale) ~ No (Scale) 320* Acquired by SpaceX

ICEYE SAR ¥ A 12 85.0 kg Soyuz, Falcon 9 Rideshare SSO Yes T No (Intermittent Data) 31+ Entirely F9

HawkEye 360 RF Situational Awar ™ 21 i 30.0 kg Falcon 9, Electro Rideshare S50 / Bandv Yes T No (Intermittent Data) ~33 Lately only F9

Black Sky el 19 12 56.0 kg PSLV, Falcon 9, [LEO No (Lack of Scale) ~ Yes (Lack of Scale) 60* Lately only Electron, old sou
Capella SAR X " 1 112.0 kg Electron, Falcon ' LEO / Rideshare SSO ' No (Lack of Scale) ~ Yes (Lack of Scale) 30

Fleet Space Centauri Communications ~ ~ 6 6 35.0 kg Falcon 9, PSLV, | Rideshare SSO Yes (Scale) ~ Mo (Scale) 140 Mainly Tech Demos so far
Kineis Communications ™ 5 1 30.0 kg Electron High SSO No (Lack of Scale) T Yes (Lack of Scale) 25

Tropics i 4 2 5.3 kg Electron Unique Plane No = Yes N/A

iQP$s 4 4 4 100.0 kg Epsilon, Electron Rideshare S50 No (Lack of Scale) ~ Yes (Lack of Scale) 36 Mainly Tech Demos so far
Synspective Strix 3 3 3 100.0 kg Electron Unique Plane SSO No (Lack of Scale) ~ Yes (Lack of Scale) 25

Prefire = 2 2 15.0 kg‘ Electron Unique Plane No = Yes N/A

Expanded Chart (/assets/images/small-sat-constellations/Chart.jpg),

This is essential data to understand the implications of the data below.


https://drive.google.com/drive/folders/14e-rQjeAEDLuwaDg5BAvVCHw09pzt7JR?usp=drive_link
https://drive.google.com/drive/folders/14e-rQjeAEDLuwaDg5BAvVCHw09pzt7JR?usp=drive_link
http://127.0.0.1:43363/assets/images/small-sat-constellations/Chart.jpg

There are three primary categories of small satellite constellations.

1. Constellations with >100 satellites, most satellites under 5kg (eg. PlanetLabs)
2. 10-50 satellite constellations, mass between 30-112kg (eg. Capella)

3. <10 satellite constellation, <15kg mass (eg. Tropics)

The most interesting data I've gathered from this exercise applies to the second category. These
are constellations that fit into the category of either 25 or 50 satellites total with masses of either
50kg or 100kg. This is the biggest category of the market available to small sat launch providers.

2. The Tradeoff Between Electron and Rideshare Occurs at ~50 Satellites

Satellite Count vs. Adjusted Cost
25 kg Satellite - 5 Minimum Orbital Planes
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Satellite Count vs. Adjusted Cost
50 kg Satellite - 5 Minimum Orbital Planes
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For constellations that don’t require the higher payload capacity of a 1-ton class launch vehicle like
Firefly’s Alpha or ABL's RS1, the options available are either Electron or Falcon 9 Transporter
missions. These <50kg satellites are the most common size of constellations and the tradeoff
between Electron and Rideshare occurs at ~50 satellites. There are no constellations at this 50
satellite size in my dataset because this is one of the gaps in the market. Go bigger and you end up
with Planet Labs, go smaller and you end up with BlackSky at ~20 satellites. This conclusion is
present in both the data of real constellations above and in the charts I've created.

It's remarkable there’s enough satellite constellations that | can make statements like the one
above. | was born at the perfect time to bask in the glory of the growth of commercial spaceflight.

3. At The Most Common Constellation Size, Alpha Is Optimal for 100kg+ satellites



Satellite Mass vs. Adjusted Cost
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For most constellations (~25 satellites), Alpha is unable to properly compete with Electron because
the satellites are not heavy enough to take advantage of the 1-ton payload capacity of Alpha. The
higher payload capacity only starts to kick in with satellites that are over 100kg. For even heavier
satellites (eg. 200kg+), Alpha provides a cheaper path to orbit than Electron, we may see some
constellations pop up in this category in the future if Firefly or ABL demonstrate reliability. This is

only true if the higher satellite mass prodives a significant enough advantage. For example, Earth
Observation satellites seem to level out at around 100kg.



Satellite Count vs. Adjusted Cost
100 kg Satellite - 5 Minimum Orbital Planes
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Satellite Count vs. Adjusted Cost
200 kg Satellite - 5 Minimum Orbital Planes
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For larger constellations - eg. 50 satellites - the tradeoff shifts to lower mass satellites. This benefit
extends until rideshare takes over at very large constellations, Eg. Swarm or Spire Global. The
reason for this is that with a low number of orbital planes (I used 5 as a default value, we can
debate this) a single 1-ton launch is more efficient than several 300kg Electron launches. Firefly’s



Alpha has ~3x the payload capacity of Electron for ~2x the price. In short, larger constellations
benefit Firefly (until they don’t) and more orbital planes benefit Rocket Lab.



