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Abstract

The era of commercial space travel has begun, and the time has come for people all over the world to go to space. It is
known that when ordinary space travelers go to space, there is a demand to drink chilled carbonated beverages such as
champagne and beer in space. Therefore, ASTRAX is developing various technologies necessary for drinking chilled
carbonated beverages in space and zero gravity environments.

In this paper, we will present the technologies and challenges for drinking chilled carbonated beverages (champagne,

beer, etc.) in space.
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1. Introduction

ASTRAX is developing a space beer that can be
consumed in space in collaboration with a Japanese
company called "Space Wa-mama”. In order to drink
beer (carbonated beverage) in space (including zero
gravity environment), it is necessary to solve various
problems. Therefore, in order to realize beer drinking in
space, we will summarize the technological development
and issues from the viewpoint of how to drink various
carbonated beverages including beer in space in section2.

2. Demand for carbonated beverages in space

Drinks that have been approved as space food include
water, powdered milk, powdered juice, chocolate drinks,
tea, and coffee, all of which are served at room
temperature. It is known that astronauts' demand for cold
and carbonated beverages are desired. However, both of
these requests are low on the priority list and have not
been realized.

On the other hand, as the number of space travelers who
are neither astronauts running a spacecraft nor working
in space increases, it is easy to imagine that more and
more people will demand not only cold and carbonated
beverages, but also champagne, beer, and other alcoholic
beverages.

Therefore, we will summarize the results of a study of the
technologies and issues for providing cold carbonated
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beverages (especially alcoholic beverages), which are
being developed by ASTRAX, a service provider for
space travelers, with and without zero gravity and for
each commercial spacecraft.

3. Carbonated beverages and space environment
3.1 Commercial spacecraft without zero gravity

In the case of commercial spacecraft that do not
experience zero gravity, such as the balloon-based
stratospheric spacecraft of Space Perspective and
Worldview Enterprises, carbonated beverages could be
served to the passengers in the same way as on the
ground, since the inside of the spacecraft remains almost
at 1G. The only limitation would be the weight of the
spacecraft and the space required for storage. Since these
spacecrafts were originally developed with the
expectation of serving wine, champagne, and other
alcoholic beverages in the sky, the only thing ASTRAX
needs to consider is to make adjustments to accommodate
beverages that match the passengers' preferences (or
those of the mission). ASTRAX is developing this
service with the assumption that it will serve alcoholic
beverages such as wine and champagne.

3.2 Commercial spacecraft with zero gravity
In the case of a commercial spacecraft, such as SpaceX's
Crew Dragon, which will be in zero gravity for a long

period of time, the liquid will stick to the glass or mug
because surface tension will cause the liquid to be
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attracted to anything with a surface in zero gravity during
orbital flight. In addition, when liquid is poured from a
server into a glass or mug, it must be pushed out with
moderate force because it tends to scatter in zero gravity
conditions. Furthermore, if the glass or mug is specially
shaped for zero gravity, it is necessary to consider how to
pour and drink accordingly.

Liquid beverages that NASA astronauts drink in space
usually come in a packet and are consumed through a
straw. They would stick a needle attached to a special
dispenser into the drink packet, fill it with water or hot
water, dissolve the powdered drink element, mix it, and
drink it through a straw. However, if a space traveler who
has paid a lot of money for a trip to space is going to drink
a drink in space, much less a carbonated beverage such
as champagne, it would be better to be able to drink in a
way that is unique to space and also cool and stylish,
rather than just chugging it down with a pack.

It is necessary to consider glasses, mugs, dispensers
(servers), etc. that can reliably serve the beverage to the
passengers and enable them to drink in a cool and stylish
way, while taking into account the behavior of liquids in
zero gravity, such as surface tension and pouring
difficulties.

3.3 Carbonated Beverages and Zero Gravity

Carbonated beverages are drinks in which carbon dioxide
is dissolved in liquid at high pressure and sealed in
bottles, cans, etc. Carbon dioxide cannot be dissolved in
liquid unless it is under high pressure. When the sealed
bottle or can is opened to drink the carbonated beverage,
the pressure is reduced and the carbon dioxide is released
in the form of bubbles and shrieks. On the ground, the
bubbles rise up in the liquid due to buoyancy and move
out of the liquid surface before they become very large.

However, if a liquid containing carbon dioxide is kept in
a zero gravity state, the bubbles do not rise due to
buoyancy and remain in the liquid, and the liquid quickly
becomes filled with bubbles. The bubbles then stick
together one after another and become large bubbles. As
a result, the carbonated beverage around the bubbles is
pushed out of the container and violently blown out of
the container. Therefore, it is necessary to maintain the
pressure to the extent that the carbonation does not
vaporize as much as possible, and only open the
mouthpiece to drink when necessary.

3.4 Body behavior when drinking a carbonated
beverage in space (zero gravity)

What happens in the stomach when drinking a carbonated
beverage in space (zero gravity)? In normal life on the
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ground, when the stomach is full of gas, air rises in the
stomach and is naturally expelled as a burp. However, in
the zero gravity conditions of space, liquid and gas will
mix even in the stomach, so the stomach will not burp
and the person will suffer with a bloated stomach.

There are two solutions to this problem: First, before
drinking, turn the container around and use the principle
of centrifugal separation to firmly separate the air from
the liquid and drink only the liquid. After drinking, the
air rises up in the stomach and the liquid is moved around
a little more. This will cause the air to rise up in the
stomach and make the person burp. (See reference
material [93]) In any case, the space environment (zero
gravity environment) is a very important factor.

In any case, if carbonated beverages are to be served to
passengers in a space environment (zero gravity
environment), it will be necessary to give them a lecture
including precautions for drinking carbonated beverages
and what to do after drinking them.

4. Carbonated beverage experiments conducted in
space in the past

4.1 Space Experiments by Coca-Cola and Pepsi-Cola

In 1985, an experiment called "Drinking Coke in Space"
was conducted on the STS-51F mission of NASA's Space
Shuttle Challenger in the United States. At that time, after
Coca-Cola received permission to test whether
carbonated beverages could be drunk in space, Pepsi
expressed concern to U.S. President Reagan that Coca-
Cola would be the first cola in space, and Pepsi was given
a grace period to conduct research to make the beverage
drinkable in space and to conduct the experiment
simultaneously with Coca-Cola's experiment. The plan
was adjusted so that the drinking test could be conducted
at the same time as the Coca-Cola experiment.

There, Coca-Cola and Pepsi-Cola each designed special
cans, formally the Carbonated Beverage Dispenser
Evaluation (CBDE) payload, to test packaging and
dispensing techniques for use in zero gravity conditions.
To prevent the cola from blowing out all at once, the
amount that comes out was adjusted and designed to
prevent leaks. Nor did it explode when the can was
opened. And the drink was ready to drink as soon as you
tried to drink it. If anything, the cans developed by Coca-
Cola seemed to work better.

(References [94, 95])
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respectively
4.1.1 Coca-Cola's can used for space experiments

The Coca-Cola Company invested about $250,000 to
create a steel can-like structure that contained a laminated
plastic bag filled with soda and a carbon dioxide
pressurized bladder to push the drink out. The drinking
spout at the top of the can had a device (a metal valve) to
regulate the flow of the drink and a safety lock to prevent
leakage, and only when the lever was pressed would the
carbonated drink come out of the spout. (Reference [96])
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Fig. 2 X Coca-Cola developed cans used in the space
experiment

4.1.2 Pepsi-Cola can used for the space experiment

For its can, Pepsi developed a space can by modifying an
existing design that originally cost $14 million for ground
use. Like the dispensers used to package spray cheese and
whipped cream, Pepsi's space can use a pouch filled with
carbon dioxide gas to push the soda out. Rather than
being pressurized beforehand, the system used chemicals
to generate the gas. Because the Pepsi cans were made in
a rush just before the flight, they were far from high-tech,
looking more like whipped cream cans with the little
white tabs tilted to the side. (Ref. [96])

The Pepsi cans produced a frothier liquid than the Coca-

Cola cans, so the astronauts were able to play with fizzy
Pepsi balls.
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Fig. 3 Pepsi-Cola Company-developed cans used in
the space experiment

4.1.3 Coca-Cola Space Dispenser (Coke Server)

The Coca-Cola space dispenser (Fluid General
Bioprocessing Apparatus, FGBA-1) was designed to
allow astronauts to enjoy Coca-Cola and Diet Coke in
zero gravity. The objective was to "provide basic data
on changes in the taste preferences of beverages
consumed by astronauts in zero gravity”. The device
contained 1.65 liters of Coca-Cola and Diet Coke.
Astronauts dispensed the selected carbonated beverages
by temporarily connecting a sealed beverage cup, which
they called a "fluid transfer device," to the dispensing
device. To conserve power, the dispenser cools the fluid
when needed by means of a cooling coil between the
container and the connecting device.

Astronauts poured their favorite carbonated beverage
into the "fluid transfer unit (FTU)* or sealed beverage
cup through the dispenser's quick connect. Made of
clear polycarbonate, the FTU is based on the design of
the Coca-Cola space can first flown in 1985 and holds
up to 7 oz. The design incorporates a unique baffle and
thin vane at the bottom to keep the liquid and carbon
dioxide (CO2) from separating. 18 "space cups" and
dispensers were first flown on Shuttle Discovery's STS-
63 mission in 1995.
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Fig. 4 Sealed beverage cup and carbonated beverage
dispensing device

Later, a new Coca-Cola Fontaine dispenser (Fluid
General Bioprocessing Apparatus, FGBA-2) was
developed. Rather than simply storing carbonated
beverages as in the previous version, the experiment
aimed to determine if carbonated beverages could be
made from carbon dioxide, water, and flavored syrups
stored separately, and if the liquid produced could be
made drinkable without foaming. The device had Coca-
Cola and Diet Coke, as well as the sports drink
Powerade. The device was launched on the Space
Shuttle Endeavour mission (STS-77) in 1996, but the
FGBA-2 did not perform as expected. (Ref. XX)

Fig. 5 Coca-Cola Fontaine dispenser

Thus, although technology has been developed in the past
using NASA's space shuttle to drink carbonated
beverages in space, carbonated beverages are still not
certified as a standard NASA space food menu item.

4.2 Space Champagne ""Mumm Grand Cordon
Stella™

IAC-23-B5.1.11

The French champagne brand "Maison Mumm" made a
press announcement of a special champagne bottle and
glass "Mumm Grand Cordon Stella" that can be drunk in
the zero gravity conditions of space at a special venue at

the Paris Observatory during the International
Astronautical Congress held in Paris, France, in
September 2022.

= S

The Mumm Grand Cordon Stella was the result of three
years of research and development with up-and-coming
designer Octave de Gaulle's design studio, Spade. The
conventional method for drinking beverages in zero
gravity is to fill a freeze-dried beverage pack with water
and suck it through a straw, which makes it impossible to
drink alcoholic beverages such as champagne.

Therefore, a special bottle that can serve champagne even
in zero gravity and a special champagne glass were
developed. When the cork is removed from the bottle, the
gas contained in the champagne causes the champagne to
form bubbles from the ring-shaped spout, which rise up
in a firmer and firmer manner. The bubbles are then
attached to the special glass, and the glass is then poured
into the mouth. The fact that the champagne contains gas
and that the surface tension of the liquid is used to create
bubbles that stick to the glass is groundbreaking. The
bubbles adhered to the glass without any problem in the
zero gravity conditions created by ballistic flight using a
zero gravity airplane, and a test was successfully
conducted to see if the bubbles would stick to the glass.
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Fig. 6 An experif’nent in drinking ¢ Zero
gravity

hampagne in

According to Octave de Gaulle, who designed the bottle
and glasses for Mumm Grand Cordon Stella, "The major
challenge in designing Mumm Grand Cordon Stella was
how to pour champagne from the bottle. When you put
the bubbles in your mouth in zero gravity, they instantly
turn back into liquid champagne, which in turn sticks to
the inside of your mouth due to surface tension. This
means that a much smaller amount of champagne aroma
can be enjoyed in the mouth than on the ground. Also,
since more gas is already used in the bubbling process,
the bubbles are less irritating and the taste is rounder and
gentler than in regular champagne.
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Fig. 7 Space Champagne Overview Diagram

4.3 Australian Space Beer

An Australian venture, Vostok, is aiming to develop a
"beer that can be drunk in space. The company has
spent the last decade developing a beer that can be
opened and consumed in a zero gravity environment.
Vostock's space beer was jointly developed by Four
Pines Brewing and Australia's Sabre Astronautics.
Vostok faced two major challenges in developing this
beer. It had to be developed in a way that would be easy
to understand and easy to control, because of human
physiology (our sense of taste goes haywire in space.
The other was the problem of zero gravity (people can't
pour beer in zero gravity).

The effects on the human body were successfully
controlled through repeated testing at the Zero Gravity
Corporation's zero gravity facility in Virginia.

As for the bottle, the technology used for fuel tanks was
scaled down and applied for beer. A special bottle is
used that allows beer to flow under uniform pressure
from the bottom of the bottle and from a core that is
worked into the neck, so the beer can be drunk directly
from the bottle, even in outer space.

The beer itself was brewed in a zero gravity
environment using a Dry Irish-style stout beer recipe.
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Fig. 8 Bottle of Space Beer developed by Vostok and
zero gravity flight experiment

5. Subject (beverages) of the experiment

ASTRAX is conducting research to make it possible in
the future to provide all kinds of beverages such as water,
coffee, juice, alcohol, etc. on board spacecraft for space
travel services. Based on the experience of various
experiments of carbonated beverages such as beer and
champagne in space, ASTRAX is developing and
studying the following technologies to enable the chilling
and serving of alcoholic carbonated beverages such as
beer and champagne in space, according to the
characteristics of the spacecraft.

- Beverage storage methods

- Consideration of refrigerators for storing cold
beverages

- Consideration of servers (dispensers) with cooling
function

- How to serve beverages

- Development of glasses and mugs to hold drinks

- How to drink (including physical handling after
drinking)

- How to dispose of leftover drinks

- How to wash glasses

- How to store and refill carbonated drinks
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etc.

In parallel, ASTRAX is also preparing to produce and
sell a variety of drinks itself, including carbonated
beverages such as beer, champagne, and energy drinks.
Sales are planned first for terrestrial use. The plan is to
make carbonated beverages available in space by
advancing the technology to develop them. As initial
experimental subjects, the following three drinks will be
used for all future technological studies.

- Energy drinks (not Coca-Cola)
- Champagne
- Beer

6. Ongoing Projects and Considerations of ASTRAX
6.1 Creation of servers and bottles for space use

For initial short duration space travel, it would be easier
to attach a special device to each bottle to pour (or drink
directly from the bottle with the mouth) than to prepare a
dedicated dispenser (server). However, ASTRAX has yet
to develop servers and bottles that can be used in space
(zero gravity environment).

First, the company is in the process of designing a space-
inspired label and making the bottle itself. In the future,
the company plans to develop a special container and
conduct experiments in zero gravity flight to make it
usable in space.
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Fig. 9 Space beer being developed by ASTRAX

6.2 Production of glasses and mugs

ASTRAX has cooperated in the development of cocktail
glasses for space use by the U.S. Zero Gravity Cocktail
Project, and actual zero gravity flight experiments were
conducted by ASTARX.

COSMIC LIFESTYLE
CORPORATION

Fig. 10 Logo of the zero gravity cocktail project and
cocktail glasses for space
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Fig. 11 Zero gravity experiment of a cocktail glass
for space use

Also, referring to the zero gravity cocktail project
mentioned above and the technology developed for the
space coffee cup developed by Dr. Mark Weisslogel and
tested on the International Space Station, several types of
glasses and beer mugs are currently being produced.
(See separate paper for details [81])

Fig. 12 Coffee cup for space use

We are planning to conduct zero gravity flight
experiments in order to confirm the effect and influence
of these shapes of glasses and mugs for drinking
carbonated beverages in zero gravity conditions.
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Fig. 13 Development of ASTRAX Space Jockey

6.3 Cooling Methods

6.3.1 For spacecraft with gravity

For cooling during short duration space travel in a
spacecraft with gravity, such as stratospheric space travel

in a balloon, simply keep ice and drinks in a cooler box
and provide them in space (e.g., in the stratosphere).

IAC-23-B5.1.11

Alternatively, galley facilities like those in aircraft would
be even better.

However, considering the cost-effectiveness with flight
time, weight and cost of equipment, simply a cooler box
may be sufficient.

If ice in a cooler box is not enough, an electric cooler box
with cooling function may be useful. Battery powered or
even solar powered might be acceptable.

6.3.2 For zero gravity spacecraft
(1) For short duration space flight

In the case of a short spaceflight, where the duration of
stay in space is only a few minutes and drinks are to be
consumed, it would be sufficient to provide them in the
manner described in Section 6.1.

In addition, for cooling, it would be sufficient to cool
them in the manner shown in Section 6.3.1.

(2) For long duration stay spaceflight

In the case of a long duration stay spacecraft, in which
the interior of the spacecraft is in zero gravity, the
spacecraft may be cooled by a refrigerator so that cold
drinks are always available, or a system that allows rapid
cooling only when drinking to conserve electricity may
be provided. ASTRAX plans to develop the system for
both cases.

6.4 Importance of Objective over Technology

In normal space development, technology development
is often conducted from the viewpoint of whether or not
the activity itself is feasible or to improve the quality of
life in space for astronauts, regardless of the purpose of
the activity. For example, the development of Coke for
drinking in space may be aimed at the development of
technology to provide carbonated beverages in zero
gravity, or the promotion of the development company,
or the need for space food on the menu for astronauts, and
S0 on.

ASTRAX's development, on the other hand, is aimed at
the needs of the passengers (customers) and the success
of the mission. For example, a couple may want to toast
with a glass of wine after a wedding ceremony or
anniversary in space, a couple may want to shoot an
impactful image with a carbonated beverage for a
commercial filming, a fashion model may need a drink
scene as one of her poses for a photo shoot, or a couple
may want to have a delicious meal while enjoying a great
view of the sky. Or, you want to drink a glass of
champagne when you eat a delicious meal with a great
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view, or you want to drink a drink in a glass that cannot
be found on the ground because you have paid a lot of
money to travel in space. In that sense, in some cases, the
development may be for ad hoc purposes. However, this
is often rather more important for the average customer.
This is because the initial customers value the fulfillment
of a unique and original mission or dream more than a
generalized one.

FHRBENR S 2L—5— (V7—IV¥vyF30F74v 78417 «1) TRE(—BER)

IAC-23-B5.1.11

ASTRAXEMFEMEAXEES > 5 —TRE(—BiER)

, ¥
Fig. 14 Promotion images of space beer taken inside
the ASTRAX spacecraft simulator

7. Conclusion
ASTRAX will continue to research and develop various
space beverages, including carbonated beverages such as

space beer and space champagne, for the various needs
of different customers.
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First, we aim to be able to experiment and provide
services in ASTRAX's zero gravity flight service.

Ultimately, ASTRAX will continue its research and
service development to provide all types of beverages in
space for all ASTRAX customers.
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AbstractThe era of commercial space travel has begun, and the time has come for people all over the world to go to
space. It is known that when ordinary space travelers go to space, there is a demand to drink chilled carbonated
beverages such as champagne and beer in space. Therefore, ASTRAX is developing various technologies necessary
for drinking chilled carbonated beverages in space and zero gravity environments.

In this paper, we will present the technologies and challenges for drinking chilled carbonated beverages (champagne,

beer, etc.) in space.

Keywords: Space beer, Space champagne, Chilled carbonated beverages, Drink in space
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