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The objective of this guide is to provide information on
how to successfully carbonate beverages on a small scale.
Included is information on the benefits of carbonation,
common carbonation levels, pros and cons of different
carbonation methods, standard procedures to achieve a
specific carbonation level, and economic considerations for
manufacturers.

Introduction

Benefits

Carbonation is an important sensory property for the
acceptability of many beverages because it elevates aroma
and produces an appealing mouthfeel often described as
“tingling” (Dessirier, Simons, O’'Mahony, and Carstens
2001). In food products such as soda, sparkling water,

tea, juice, or the recently popularized carbonated coffee,
carbon dioxide (CO,) or a combination of nitrogen and
CO, is typically used to create the bubbles that form and
rise through the liquid. Within the wine industry, sparkling
wine has become the fastest-growing sector, with a nearly
6% growth in 2017 and an overall sales increase of 56%
from 2007 to 2017 (Wine Market Council 2017). Overall,
the use of carbonation helps to improve and diversify
existing beverage options across a wide variety of products.

Carbonation Levels

Several factors dictate the carbonation level of beverages,
including sugar and alcohol; however, the most significant
factors are CO, pressure and temperature. The quantity of

CO, dissolved in a beverage can impact the flavor, mouth-
feel, and palatability of the beverage. The units for measur-
ing the amount of dissolved CO, are commonly stated as
grams of CO, per liter of beverage (g/L) or as volumes of
CO, (STP) per volume of liquid (vol/vol). The approximate
conversion between these two units is 1 vol/vol being equal
to ~2 g/L*. The minimum carbonation level for people to
detect is ~0.6 volumes of CO, (McMahon, Culver, and Ross
2017). Any value lower has a flat perception and is consid-
ered noncarbonated. The absolute maximum carbonation
level recommended is 8 volumes of CO,. Any higher value
will lead to an unappealing bite and excessive burn to the
tongue and throat. Also, at higher concentrations of Co,,
the bottle becomes a safety hazard due to excessive pres-
sure. For reference, most soft drinks, such as tonic water,
are carbonated to 3-3.5 volumes of CO,. To be classified

as sparkling wine, the carbonation level must reach a level
greater than 2 volumes of CO, (Bugher 2020). Traditional
champagne is carbonated to approximately 4.6 volumes

of CO, but can be found as high as 6 volumes of CO,
(Moriaux et al. 2018). In the beer industry, most craft and
lager-style beers are carbonated to 2.4-2.6 volumes of CO,,
but this depends on the style. For example, German wheat
beer has one of the highest beer carbonation levels at ~5
volumes of CO, (Colby 2018). In comparison, British ales
have some of the lowest beer carbonation levels at 1.5-2.2
volumes of CO, (Lauriston n.d.). Additional examples of
standard beverage carbonation levels are shown in Table 1.

*The exact conversion is 1 vol/vol = 1.96 g/L, which is used
for calculations in this guide.
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Table 1. Standard carbonation levels for various carbonated
beverages (Lauriston n.d.; Abu-Reidah 2020).

Drink Classification Volumes of CO,

Champagne 4.6-6
German Wheat Beer 5
High-Carbonated Soda: Coke and Pepsi 3.5-4
Mixes: Club Soda & Tonic Water 2.5-35
Low-Carbonated Soda: Lemon/Lime 2.5-35
Typical Lager Beer 24-26
British Ales 1.5-2.2

Carbonation Methods: Forced
Carbonation

There are two common carbonation methods: the forced
carbonation method and the bottled carbonation method,
which includes variations such as the traditional cham-
pagne method and the Charmat method.

The forced carbonation method is a technique that pumps
pressurized CO, gas into a headspace or liquid inside of

a pressurized vessel. Generally in the industry, CO, is
pumped through a porous stone submerged in the bever-
age, forcing the CO, to come out as small bubbles that
diffuse quickly into the product (Jeandet et al. 2011). The
carbonation process is complete once the equilibrium with
partial pressure is reached between the product and the
headspace. The forced carbonation method is used most
commonly in the sparkling beverage industry because it
can easily and quickly carbonate large volumes of beverage
within hours. The level of carbonation depends mainly on
the pressure of CO, and temperature, because water will
have a greater carbon dioxide solubility at lower tempera-
tures (for a given pressure). When the container is opened,
the CO, will escape from the liquid (which will cause the
beverage to eventually flatten) as the dissolved CO, will
come to a new equilibrium with the CO, partial pressure in
the atmosphere. While the exact CO, solubility for bever-
ages will be affected by sugar and ethanol concentrations,
an approximation is given in Table 2.

Procedure: Forced Carbonation

When conducting the forced carbonation method, a CO,
tank is attached to the pressurized vessel at a constant pres-
sure. By using equations, calculators, or tables, the pressure/
CO, solubility is determined. The determined pressure is
then set to achieve a desired CO, level. A flowchart for the
forced carbonation method is shown in Figure 1.
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Figure 1. Flowchart for typical procedures for the forced carbonation
method.

EXAMPLE

The step-by-step procedures of the forced carbonation
method are listed below, using carbonated water as an
example. Assume a company wants to carbonate 6 liters
of water to a level of 5 vol/vol (9.8 g/L) within a 6.5-liter
pressurized vessel, such as a serving keg.

1. The water (6 L) is poured into the pressurized vessel (6.5
L).

2.For the desired carbonation level of 5 vol/vol, the initial
pressure is set to 38 PSI gauge (3.6 atm absolute) accord-
ing to spreadsheet calculation, which takes into account
all the parameters, such as standard temperature (5°C =
41°F), ethanol (0 vol/vol), and sugar (0 Brix).

3. Within hours (depending on the temperature and
carbonation level), the beverage can be fully carbonated
to reach the desired level. Agitation (shaking) can signifi-
cantly increase the rate of carbonation.

4.The product must be served directly from the carbonated
vessel or bottled under pressure, lest the CO, escape
when exposed to the air.



Economics: Forced Carbonation

The forced method carbonates the beverage in a pressurized
vessel, which is generally made of food-grade stainless
steel. As the most common technique used, the forced
carbonation method has many advantages, summarized in
Table 3. Compared to the traditional method, the forced
carbonation method can be completed within a shorter
time period. The rate of carbonation is influenced by the
temperature and pressure within the pressurized vessel.
Additionally, the forced carbonation method requires only
a single step, connecting the CO, tank to the pressurized
vessel, which makes this method relatively straightforward
to perform, with comparatively low labor costs.

The disadvantages of the forced carbonation method are
listed in Table 3. Forced carbonated beverages may cause
larger CO, bubbles within the product when compared to
bottle carbonated beverages due to changes associated with
the refermentation. Larger bubbles can be associated with
subjectively lower qualities in some types of carbonated
beverages, such as champagne and wines. Additionally, as
mentioned in the previous section, the product must be
bottled under pressure, or losses of CO, will occur.

Carbonation Methods: Bottle
Carbonation

In the wine industry, the bottle carbonation method is
often referred to as the champagne, or traditional method.
This carbonation method is a labor-intensive and lengthy
process, taking anywhere from a few months to several
years, depending on the product (Jeandet et al. 2011). To
carbonate within the bottle, a secondary fermentation is
conducted with specific dosages of yeast and sugar (Jeandet
etal. 2011). The yeast will carbonate the beverage by con-
suming the sugar anaerobically, producing ethanol and CO,
as a byproduct. Over time, the pressure in the bottle builds
up as the yeast releases more CO,. The level of carbonation
depends on the amount of extra sugar added. As more
sugar is added, more alcohol and CO, will be produced by
yeast fermentation. Commercial yeast is widely available
as a liquid, as a dry powder, or encapsulated in a gel.

Once mixed with warm water and sugar, the yeast will be
activated. Note that each strain of yeast will have different
optimal conditions that will yield different properties to
the final beverage. As a result of the second fermentation,
the product will have a slightly higher alcohol content and
secondary flavor notes (from by-products of the fermenta-
tion and aging). In sparkling wine production, the yeast is
subsequently removed by inverting and turning the bottle
to collect settled yeast in the neck over months. The neck
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of the bottle is then submerged in chilled propylene glycol
until the yeast and liquid in the neck of the bottle are
frozen. Next, the bottle is opened and the frozen portion
removed. The bottle is then refilled with a mixture of the
original wine (and occasionally sugar) to be sealed (Jeandet
etal. 2011). In brewing operations, the yeast is often left

in the bottle to produce a haze when poured into a glass, a
practice typical in the production of wheat beers.

An alternate approach to the bottled carbonation method

is the Charmat method, in which extra sugar and yeast

are added to a larger volume of wine in a pressurized tank
until fully carbonated. This process can be completed
within weeks but has been reported to not yield an identical
product to the traditional method. The yeast used in this
method is removed via filtration under pressure so that

the final product will be clear. Sulfites may be added after
either method to inhibit any living yeast residue or bacterial
contamination for shelf-stability considerations.

Procedure: Bottle Carbonation

The procedure to perform the bottle carbonation method
is more complicated than the forced carbonation method;
it is detailed in Figure 2. The difference between the two
methods is that instead of using a CO, tank to carbonate
the product, specific amounts of yeast and sugar are
added into the bottle or vessel. Over weeks or months, the
final product will be carbonated to the desired level. This
method can be efficiently completed at lab, pilot-plant, or
commercial scale using the same procedure.

Mix base beverage with sugar and yeast

!

Purge the headspace to remove the air
and replace with CO»

!

Seal pressure vessel for approximately 2
weeks

!

Seal the pressure vessel for hours

!

Figure 2. Flowchart for typical procedures of the Charmat carbonation
method.




The step-by-step procedures for the bottle carbonation
method are listed below, using carbonated water as an
example. Assume a company wants to carbonate 1 liter of
water to a level of 5 vol/vol (9.8 g/L) within a 1-liter bottle.

1. A specific volume of water (1 L) is poured into the
pressurized vessel (1 L) with minimal headspace.

2.For a desired concentration of CO, (5 vol/vol = 9.8 g/L),
a ratio between known production of CO, from glucose
is used to calculate the amount of sugar. For every 1 g
sugar, 0.46 g CO, and 0.48 g ETOH (ethanol) is produced
(along with ~0.6 g yeast). Therefore, to achieve 9.8 g/L
carbonation, we require 21.3 g sugar and will get 10.2 g
ETOH (~1% ETOH by weight). This assumes minimal
headspace in the vessel.

3.The carbonation process will end when the yeast con-
sumes all the added sugar, or when the bottle is subjected
to conditions that will kill the yeast (e.g., pasteurization).
It will generally take several weeks to even years for
the yeast to fully consume the sugar, depending on the
storage conditions.

4. The yeast can be removed using traditional methods, or
can be left in the bottle for consumption, as is the case for
some (hazy) beer styles.

Economics: Bottle Carbonation

Table 4 lists some of the advantages and disadvantages of
bottled carbonation. Unique flavor profiles are produced
due to the secondary fermentation process. However,
failing to remove all the yeast from the bottles can result

in variable flavor, as well as turbidity (haze) in the final
product. This method can also influence bubble size as well
as the viscosity of the beverage. Also, operational mistakes
can result in a loss of carbonation in the final product, so
workers must be trained on carbonation procedures. More-
over, this method has an optimum temperature range of
80°F-100°F due to yeast activity, so it cannot be conducted
at low temperatures. Appropriately pressure-rated bottles
must be used to achieve high carbonation levels. Lastly, any
sulfur dioxide or other antifungal agents already present in
the beverage will inhibit yeast activity, thus preventing this
method from proceeding (Jeandet et al. 2011).

Summary

The level of carbonation for a beverage is primarily
determined by the pressure of CO, and the temperature.
In the forced carbonation process, CO, is pumped directly
into a vessel, forcing a quick increase in pressure. Forced
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carbonation is the simplest and quickest method with the
overall lowest cost compared to the bottle carbonation
methods. These factors result in forced carbonation

being the most common method used industrially. Bottle
carbonation has some advantages over the forced method,
including a perceived higher product quality, resulting in
the ability to demand a higher price than beverages created
using the forced carbonation method. The alcohol content
for bottle-carbonated products may be higher due to the
secondary fermentation. Ultimately, both methods will
accomplish the same goal. The process of carbonation is

a value-added step that provides desirable characteristics
without negative labeling requirements. Historically, the
bottle carbonation method has not been widely used

by beverage producers because of costs, efficiency, and

the level of technical skill required. Modern methods of
carbonation allow for a straightforward application at larger
volumes at significantly lower cost. Thus, carbonated bever-
ages are becoming increasingly popular, and more beverage
makers are using carbonation to diversify their production.
The information in this document is supplied to help
small-scale beverage producers carbonate their products.
With proper equipment and calculations, beverages can be
carbonated to exact levels to produce novel products.
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Table 2. Common equilibrium carbonation levels in water at various temperatures®.

Pressure of Pure CO,
PSlgauge (Atmosphere

absolute)
0 PSlg (1 atm)**
5 PSlg (1.34 atm)
10 PSlg (1.68 atm
15 PSlg (2.02 atm
20 PSlg (2.36 atm
25 PSlg (2.70 atm
30 PSlg (3.04 atm
35 PSlg (3.38 atm
40 PSlg (3.72 atm)

)
)
)
)
)
)

*Values calculated using Henry’s law assuming beverage properties of water.

co

2 concentration

(Vol/Vol at 0°C [32°F])

1.60
2.15
2.69
3.24
3.78
432
4.87
5.41
5.96

co co

2 concentration 2 concentration 2 concentration

(Vol/Vol at 5°C [41°F]) (Vol/Vol at 10°C [50°F]) (Vol/Vol at 15°C [59°F])

1.37 1.17 1.01
1.83 1.57 1.36
2.30 1.97 1.70
2.76 2.37 2.05
3.23 277 239
3.69 3.17 2.74
4.16 3.57 3.08
4.62 3.97 343
5.09 4.37 3.77

** Note that this chart assumes that at 0 PSlgauge, there is 14.7 PSla of pure CO, in the headspace; this is usually the case for fermented beverages at the end of

fermentation.

Table 3. Pros and cons of the forced carbonation method.

Higher carbonation rates (done within hours)

Simple to achieve desired carbonation level (less skill required)

Pros

Cons

Requires capital investment (e.g., pressurized vessel, CO, tank,
pressure gauge, etc.)

Subjectively lower quality in some beverages (e.g., champagne).

Inexpensive (low labor cost, relatively straightforward operation, large

volumes possible)

Table 4. Pros and cons of the bottle carbonation method.

Perceived higher quality and priced sparkling wine product lines

Pros

Cons

Labor intensive (more steps than forced carbonation method, e.g.,
yeast removal)

Can add flavors to the beverage, such as creamy and toasty notes, due = Requires temperature control

to yeast activity

Higher alcohol content due to second fermentation
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Long maturation period (~6 months to years)



