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This paper describes a system to launch satellites into LEO that is currently being
developed by Zero 2 Infinity (Z2I) with the aim of improving the flexibility and efficiency of
satellite operations. The extra volume under the fairing of Bloostar, combined with its
smoother ride, is giving satellite designers greater freedom to concentrate the mass of their
satellites into useful systems. The inherent ease of re-use of Bloostar architecture is in line with
the new Space Strategy for Europe1 being fostered by the European Commission (EC).
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I. Introduction

he small satellite industry is growing rapidly and this growth inherently demands an increase of launch service
providers available to place satellites in orbit. Traditional systems are ill suited to fully extract the value that
modern lightweight satellites could provide. Bloostar, is a new concept introduced by Z2I which intends to use a Near
Space balloon to reach an altitude above 20 km. From up there, a new type of rocket architecture can ignite, one that
takes full advantage of the Near Space environment with respect to the traditional Sea Level systems.
Bloostar works in two phases; first the balloon flies above controlled airspace into Near Space, the second phase
involves a multistage launcher that is ignited and takes the payload to its desired orbit. Apart from all the benefits of
a dedicated small satellite launcher, thanks to this method, Bloostar also offers an increased payload volume and
effective surface for payloads, and due to its operation in a quasi-vacuum environment, an ascent trajectory with far
less vibrations, shocks and dynamic loads to the payload.
In its first version, Bloostar will be able to take 75 kg to a Sun Synchronous Orbit (SSO) at 600 km of altitude.
Larger masses can be delivered to other orbits. The volume, and particularly the diameter, available for payloads is
significantly larger than for any of the existing or planned light payload launchers.
The altitude from where Bloostar is ignited has been selected so that the maximum dynamic pressure (Max-q),
transonic (maximum buffet) and gusts during ascent no longer yield critical launch vehicle and satellite loads. Bloostar
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provides a gentler and more predictable ride for satellites. The acoustic and random vibration loads are greatly
diminished compared to conventional ground-based launches, because of the following:
•
•
•

Negligible aerodynamic buffeting, since flight takes place in highly rarefied air.
Lower engine vibrations, since the engines lack turbo pumps and operate at relatively lower pressure.
No reflection from the ground, since the ground is more than 20 km away from the launcher at ignition.

Satellite configurations with lower natural frequencies than so far possible with “missile-based” launchers are an
option now for satellites. Being true to its mission of enabling others to create new possibilities in space, Z2I is
providing a different, much more benign, set of constraints to satellite designers worldwide. The commercial launch
date is expected to be in 2020.

II. Bloostar description
Every Bloostar mission starts with a set of orbital requirements from the customer, particularly, the orbit where
they want to be, which can be provided by a Two-Line Element (TLE) and the required accuracy. Bloostar provides
unprecedented flexibility to meet such requirements, because the Near Space balloon can be deployed from the sea,
by having a barge or ship move at exactly the speed of the wind. This removes the “launch pad” constraint and frees
the trajectory designer to choose from a multitude of launch windows. Z2I’s baseline plan is to operate in the Atlantic
out of a port from the Western Canary Islands, although other locations in the sea or even in low-wind areas in land
are possible.

Figure 1. Bloostar typical concept of operation
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Given a volume in Space that is associated to an orbit, with a certain injection accuracy, at a certain time and
knowing the performance of the three stages of Bloostar, one can calculate from which volume of Near Space, Bloostar
would have to be ignited to be able to reach the desired orbit. Simultaneously, taking into account highly accurate
wind models such as those provided by the European Centre for Medium-Range Weather Forecasts (ECMWF), one
can trace backwards and identify a map of points on the surface on the Earth, from which, at a given time, the Near
Space balloon could launch. One more step is needed to, taking into account sea ground winds, as well as the inflation
and launcher conditioning processes, identify a set of locations from where the barge or ship should start moving at
the ground speed of the local winds, in order to be at the right place and at the right time to release Bloostar so it
catches the right winds on its way up. This analysis yields multiple launch windows in multiple locations (both locally
and worldwide), and, with enough notice and the right level of coordination with the Air Traffic Control (ATC)
authorities, effectively does away with the traditional weather delays that ground launched systems face.
A three-stage architecture has been selected since it reduces significantly the sensitivity of the performance to
changes in the specific impulse (Isp) or structural mass ratio compared to two stage systems. This is particularly
important for light payload launchers, since the payload could end up being smaller than the margin of error of the
last stage calculations, which forces launch companies to either extrude the first stage, leading to added costs in tooling
and requiring thrust increases, which may have happened to the Falcon family or to add a third stage and slash the
effective payload that makes it to orbit, which may have happened to Electron launcher.
Component
Inert mass (kg)
Fairing (kg)

1st stage
573

2nd stage
192

3rd stage
93

23

Total
858
23

Propellant mass (kg)

2,443

2,096

398

4,937

Total stage mass (kg)

3,039

2,288

491

5,818

Figure 2. Mass Breakdown of the Bloostar Launcher

The first two stages have toroidal tanks and each has 6 identical engines that can be throttled and gimballed on
two axis. The third and last stage has a single engine. Two types of engines need to be built, one for the first stage and
another one that is common for both the second and third stages. They will be 3D printed in metal and will have an
innovative regeneratively cooling system that fully takes advantage of the new design and manufacturing capabilities
that computing and additive manufacturing bring to the table.

Figure 3. Left: Teide I prototype emerging from the 3D printing process. Right: Finished thrust chamber piece

The target specifications for the two types of engine, which are respectively called Teide I and Teide II are 5 kN
(at an Isp of 355 s) and 20 kN (at an Isp of 345 s). They will burn liquid methane and liquid oxygen. These highexpansion ratio engines will be fully reusable and could be also used for future exploration missions to the Moon or
Near-Earth Asteroids. The first version of the system will be pressure-fed with Helium spheres, there is roadmap to
introduce improvements such as Tridyne and eventually Vapak.
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III. Advantages for Satellites
Roughly half of the dry mass of a satellite is just there to sustain the launch. The strenuous conditions of sound,
vibrations, shocks and dynamic loads force satellite designers to compromise on surface. But it’s surface, not mass
what provides revenue for the satellite (on-board power, bandwidth, resolution, processing capability are all directly
related to the surface of the satellite). That is why so many satellites have deployable systems. Systems that add weight,
are expensive and prone to failure.
One solution to this problem, that is being explored by others, is to manufacture the satellites in Space, possibly
3D printing solar panels or antennae. It’s a promising area that will surely provide very interesting research papers.
Z2I is proposing instead to smoothen the ride for satellites. This is achieved by going through those layers of the
atmosphere that don’t like to be crossed at high speed, at very low speed, that of a zero-pressure balloon. This has the
combined benefits of allowing the fairing to be several times wider than that of ground or aircraft based launchers and
of a significantly more benign environment.
Here’s a comparison of existing and proposed launchers, it’s to be noted how the fairing diameter is becoming
more and more important, and how Bloostar is the only Microlauncher with a wide fairing.

Figure 4. The rocket-size spectrum, Bloostar goes for width, not length

Additionally, the lack of interstage structures, the relatively compact size (more like a car than like a tower) and
the greatly reduced aerodynamic loads contribute to a more robust and efficient system, which is easier to manufacture,
maintain, service, and reuse. As an example, the following figure shows the difference in dynamic pressure between
a conventional ground-based launcher and Bloostar.
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Figure 5. Comparison of Dynamic Pressure for a Generic Ground Launcher and Bloostar

IV. Mass to Orbit Performance and Future Prospects
Bloostar has an evolving design. It’s first iteration has been picked for the sweet spot in the market for light
payloads, 75 kg SSO 600 km. However there is the intent to explore higher masses and possibly even larger fairings.
A Bloostar XL version has been sized that would still be within the state of the art of Near Space ballooning and would
increase the capabilities to fulfil all microsat missions. The following shows a graph in which the mass to orbit can be
obtained for both the first iteration of Bloostar and a future Bloostar XL.

Figure 6. Mass delivered to different orbits for Bloostar and Bloostar XL

Given the fact that the first stage separates very early in the flight, at relatively low speed, and that its ballistic
coefficient is such that the heat of reentry is greatly reduced, it is very likely that Bloostar’s first stage will be
recoverable and reusable. The low center of mass also simplifies landing operations, reducing the probability of rapid
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unscheduled disassembly (RUD). Once this capability has been matured, Z2I may extend to the second stage and even
the balloon. Reusable rockets and balloons are now part of the official new Space Strategy for Europe1.
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