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Development of a Practical Tool for Estimating 
Risk of Can Pressure Failures during Tunnel 
Pasteurization 
Jim Kuhr 
BevSource, St. Paul, MN, USA 

ABSTRACT 

With the growing popularity of canned alternative beverages (such 
as hard seltzer) requiring tunnel pasteurization, many breweries and co-
packers have discovered the hard way that the combination of higher 
CO2 specifications and higher pasteurization temperature requirements 
frequently exceed the design pressure limits of beverage cans, often re-
sulting in pressure failures of the can. There were no specific references 

or tools that could determine the risk of can failure under current con-
ditions, so one was developed. The data collection consisted of a heated 
water bath that simulated tunnel pasteurizers. The data collected pro-
vided for the creation of temperature and pressure charts that could be 
used by packaging departments to greatly reduce the risk of pressure-
related can failures for their products. 

Introduction 
In recent years many new alternative beverages have entered 

the market that compete for the attention and dollars of the con-
sumer. For the sake of creativity, variety, or functional ad-
vantages, many of these alternative beverages include ingredi-
ents and/or processes that pose a higher risk of spoilage than is 
traditionally found in the beer space or the beer-like sister space 
of flavored malt beverages and the like. 

A new group of co-packing facilities has sprung up to meet 
the production needs of these alternative beverages—both alco-
holic and non-alcoholic. Additionally, many breweries have en-
tered the co-packing arena, having found themselves with ex-
cess capacity. Although this surge in co-packing capacity has 
mostly met the rise of beverage start-ups and existing brand 
growth, many co-packers have found themselves facing produc-
tion challenges they are unfamiliar with or unable to handle. 

Additionally, the spike in beverage entrepreneurs entering the 
market has greatly expanded the options for consumers, but oc-
casionally, due to a lack of beverage industry experience, the 
entrepreneur’s vision for their products do not line up with the 
practical considerations of producing a high-quality, safe, and 
cost-effective product. The issues of contamination and food 
safety have been known to collide with these visions and be-
come practical problems for new products. 

Whether the spoilage risk is simply a flavor quality issue or a 
more serious health risk, preservation methods are required that 
don’t damage the intended quality of the product in turn. Preser-
vation methods compatible with carbonated beverages include 
chemical preservation and heat pasteurization. Chemical preser- 

vation generally is frowned upon due to the common desire to 
maintain a “clean label” and a healthy image for the brand. With 
that background in place, the logical alternative is heat treat-
ment via pasteurization. 

One such heat treatment option is flash pasteurization. This 
method is very effective at reducing any microbial load in a bulk 
liquid, but its downside is that it happens prior to the filling step, 
and the beverage may be exposed to subsequent contaminants 
from the environment, packaging equipment, or associated ma-
terials. Therefore, the rest of this paper will focus on post-fill-
ing-and-sealing pasteurization, in what I will generically refer 
to as tunnel pasteurization. However, the same issues are pre-
sent in any post-filling and -sealing heating process, including 
purpose-built batch pasteurizers or other bulk package heating 
methods. 

Basis for Pasteurization 
According to Food Processing Technology Principles and 

Practice, Second Edition, “Pasteurisation (pasteurization) is a 
relatively mild heat treatment, in which food is heated to below 
100°C…. In acidic foods (pH 4.5, for example bottled fruit) it 
is used to extend the shelf life for several months by destruction 
of spoilage micro-organisms (yeasts or moulds) and/or enzyme 
inactivation.” Generally, a pasteurization specification is given 
as either a length of time at a defined temperature, or a pasteur-
ization unit (PU) total, or both. 

One PU is defined as 1 min at 140°F (60°C). There are many 
publications and tools available to calculate the time and tem-
perature needed to achieve a specific PU target or to accumulate 
a total PU value estimated to achieve the shelf stability required, 
so I will not go into that in this paper. The best practice is to 
utilize the services of a processing authority to define the re-
quired pasteurization needs of any new alternative beverage. 
Per the FDA website, “A processing authority is a person who 
has expert knowledge of thermal processing requirements for 
low-acid foods packaged in hermetically sealed containers, or 
has expert knowledge in the acidification and processing of 
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acidified foods.” Typically, processing authority letters will de-
fine a PU total target and a range of time and temperature com-
binations that will achieve that PU total target. 

Expectations 
Beverage brand owners and entrepreneurs bring wonderful 

variation, complexity, and innovation to our industry. As you 
would expect, they enter the development phase of their new 
product and are hit with many decisions needed to successfully 
bring their new product to market in a cost effective, efficient, 
and safe way that delivers their dream to the target consumer. 
One of the decisions that I have found to be the hardest to ex-
plain, and reach agreement on, is the carbonation level and the 
pressure limits of beverage containers, be they cans or bottles. 
Generally speaking, brand owners often want high carbonation 
levels, approaching those that normal seltzer water might have, 
of 3.0–4.0 vol. Additionally, I have found there is often some 
misunderstanding at packaging facilities, or at least extreme 
conservatism, regarding the carbonation levels that can be 
achieved with a tunnel pasteurized product. 

So, I set out to find a resource that would help us explain this 
concept. Unfortunately, I could not find a resource that accom-
plished this in a simple, easy to understand way. Therefore, I 
decided to produce one myself—one that considers the pub-
lished pressure limits of the package and the practical experi-
ences that packaging professionals have confronted in real life. 

A Little Background 
For this paper, I looked at three common beverage cans in the 

North American market: 12-oz standard, 16-oz standard, and 
12-oz sleek. These cans all utilize a 202 lid and are each rated 
to withstand 90 psi of internal pressure. 

To eliminate the tedious math involved with the gas laws—
remember those?—I utilized on-line forced-carbonation calcu-
lators to estimate the pressure in cans from a known carbonation 
level as I increased temperature. 

In this practical application, the gas laws can be applied 
simply because in a fixed volume (sealed can) the pressure in-
creases in a predictable way as temperature increases. For in-
stance, we know from standard carbonation charts that 2.75 vol 
of CO2 will generate about 12 psig in a sealed container at 34°F. 
On the other temperature extreme, at a standard beer pasteuri-
zation temperature of 140°F, that same CO2 level will generate 
over 82 psig, and this safe combination has served us well for 
many years in the beer industry. The highest pasteurization tem-
perature I have ever seen specified for a standard beer was 

145°F, which would put us at 87 psig in the container, still be-
low the 90 psig rating of the can. 

However, the introduction of alternative beverages with a 
wider variety of ingredients has introduced a new set of micro-
biological challenges. Processing authorities often prescribe 
pasteurization temperatures in the mid 150 degrees Fahrenheit 
and sometimes as high as 160°F. Following the previous example, 
at 150°F our 2.75-vol product would exceed the 90 psig rating 
of the can, and at 160°F we would hit nearly 99 psi (assuming 
the can held together). These are hard and fast facts of nature 
that we can do nothing about—or can we? Well, there is an ad-
ditional factor, the fill level, which we will go into later, but for 
now we are assuming the products are filled to the designed vol-
ume of the can and properly labeled as such. 

To get started, I decided to lay out a chart covering the com-
mon ranges of carbonation levels and tunnel pasteurization lev-
els, 2.0–3.2 vol of CO2 and 140 to 160°F. I then used common 
on-line forced-carbonation calculators to populate each cell 
with a pressure calculated to the given combination of CO2 and 
temperature. The result is shown in Figure 1. 

To make visualization easier, I then formatted the cells to call 
out when the pressure exceeded 90 psi (Fig. 2). Anyone who has 
spent any time in a production facility knows that there are few 
black and white lines—or green to red lines, in this case. There 
are many contributing factors that affect the point at which an 
individual can will fail. Additionally, few of us would recom-
mend running at the knife’s edge. Therefore, I decided to in-
clude a marginal area where the risk increases, but with eyes 
wide open, a decision could be made to produce product that 
falls within that margin. A 10-psi margin was chosen as a rea-
sonable range. Coincidentally, this lined up well with infor-
mation provided by some can manufacturers. This information 
was published in a different format that was less visual and less 
accessible to the target audience. This resulted in the chart 
shown in Figure 3. 

Because the chart was intended to be a quick reference guide 
for brand owners and formulators, as well as packaging profes-
sionals, looking for a quick guide, I felt that having the pressure 
calculations shown in each cell added unneeded complexity. I 
ended up with the final chart shown in Figure 4. A full-page, 
printable version of Figure 4 is included as an Appendix on the 
last page of this article for readers to print out and use on the 
packaging floor or add to their SOP manuals. 

Getting Comfortable 
That was the easy part. Next I wanted to verify that this chart 

represented reality. Initially, I spoke to several packaging man- 

Figure 1. Pressure calculated for specific combinations of CO2 and temperature using common on-line forced-carbonation calculators. 
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agers and co-packers who have experience running carbonated 
cans at higher temperatures through their tunnel pasteurizers 
and have good process control on their CO2 levels and pasteurizer 
temperatures. These conversations gave me confidence that I 
was in the ballpark. 

To get even more comfortable, I wanted to test commercial- 
ly available products under controlled circumstances. Samples 

from national brands with well-established quality programs 
were purchased off the shelf to reduce the variations in CO2 
and fill height that are sometimes found with smaller brands. 
As such, all fills were assumed to be at the stated volume on 
the can. 

A water bath consisting of a cooler and sous vide device 
worked well as a stand-in for small-batch pasteurizers (Fig. 5). 

Figure 2. Cells formatted to show when the calculated pressure exceeds 90 psi based on the combination of CO2 volume and temperature. 

Figure 3. Cells formatted to show when calculated pressure exceeds 90 psi and the marginal area in which risk of can failure increases based on the 
combination of CO2 volume and temperature. 

Figure 4. Cells color coded to provide a guide showing when calculated pressure exceeds 90 psi and the marginal area in which risk of can failure
increases based on the combination of CO2 volume and temperature. 
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I proceeded to test six lots of cans using the following pro-
cedure. The test samples consisted of two examples of 12-oz 
standard cans, two examples of 12-oz sleek cans, one ex- 
ample of a 16-oz standard can, and one example of a 12-oz pro-
prietary can. 

Method 
1. Purchase a typical 12 pack of cans produced by a na-

tional brand. 
2. Test 2 cans from each 12 pack for carbonation using 

standard methods and record the average results. The av-
erage carbonation level (volumes of CO2) was used to 
determine the temperature/pressure relationship for wa-
ter bath testing of the can lot. 

3. Submerge the remaining 10 room-temperature cans into 
a bath of room-temperature water. 

4. Raise the temperature to 140°F and hold for 10 min. 

5. Can failure was defined as any visual deformation (buck- 
ling) of the lid or dome (Fig. 6A and B, respectively). 

6. Count the number of failed tabs and domes. 
7. Raise the water temperature to 141°F and hold for 10 min. 
8. Count the number of failed tabs and domes. 
9. Repeat, incrementally raising the water temperature by 

one degree at a time for 10 min each, through 160°F or 
until all cans have failed. 

10. Record the number of failures, by type, at the end of each 
temperature hold. 

During the initial batch, a control can with an internal tem-
perature probe confirmed that the internal temperature of the 
can reached the water bath set temperature within 2 min after 
the bath itself. 

The test results were surprising and are listed in Figures 7–
12. In most cases, there was a broad range of failure tempera-
tures. However, the goal of the test was to confirm that the 

Figure 7. Test of can failure for a national light beer in 12-oz standard cans based on the combination of CO2 volume and temperature. 

 
Figure 6. Visual deformation (buckling) of the can lid (A) or dome (B).

 
Figure 5. A water bath consisting of a cooler and sous vide device
worked used as a stand-in for small-batch pasteurizers. 
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ranges outlined for relative risk of can failure were in line with 
practical experience. 

The first test of a 12-oz standard can from a national brand 
resulted in failures across an eight degree band, from just below 
90 psig to nearly 95 psig (Fig. 7). Most of the failures were lid 
buckles, with only two dome failures. 

The second test of a 12-oz standard can from a national craft 
ale also resulted in a broad range of temperature failures (Fig. 8). 
All of these failures were lid buckles. 

Both tests of 12-oz sleek cans from a national seltzer had a 
wide range of temperature failures (Figs. 9 and 10). All failures 
were lid buckles. 

Figure 8. Test of can failure for a national craft ale in12-oz standard cans based on the combination of CO2 volume and temperature. 

Figure 9. Test of can failure for a national seltzer in 12-oz sleek cans based on the combination of CO2 volume and temperature. 

Figure 10. Test of can failure for a national seltzer in 12-oz sleek cans based on the combination of CO2 volume and temperature. 
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The 16-oz standard can from a national light beer had a much 
narrower range that hugged the 90 psi line closely (Fig. 11). All 
failures were lid buckles. 

Most surprising of all were the test results for 12-oz proprietary 
cans from a national light beer (Fig. 12). Not only did they all fail 
at the same temperature, but all of them were dome failures. 

Typical lid and dome failures are shown in Fig. 6A and B, 
respectively. 

Limitations of the Calculations 
From my in-plant experience testing CO2 in tanks and pack-

ages, I know there is a variability inherent to typical CO2 results. 
I have seen test variability between instruments, between tech-
nologies, and especially between operators. With that in mind, 
I always ask how CO2 was measured when I advise on how 
close to the line I am willing to go. I once asked a cellar operator 
what results they had determined from the manual CO2 tester 
they were using. The response was, with a wink, “What do you 
want it to be?” All instruments, no matter the technology, need 
to be calibrated, well maintained, and operated by individuals 
who are well trained to understand the use and limitations of the 
instrument. 

Tunnel pasteurizers also need to be understood. Their capa- 
bilities and operating SOPs vary by location. Not all beverage 
manufacturers treat tunnel pasteurization as delicately as brew-
ers do. One key point to understand is the difference between 
the hot-zone spray temperatures and the target maximum can 
temperature. Oftentimes the hot-zone spray temperature needs 
to be a degree or two higher than the max package temperature 
specification in order to achieve the desired PUs within the run 
time of the pasteurizer. You need to weigh the risk of downtime 
on the backend of the line that would cause those cans stuck in 
the hot zone to potentially exceed the specified temperature and 
possibly then exceed the pressure limits of the can. Every line 
and set of operating circumstances needs to be evaluated as a 
unique set. 

Finally, I want to go back to my earlier comment that there is 
one way to influence the potential ability to avoid can pressure 
failure while achieving higher CO2 and pasteurization tempera-
ture targets. To this point, I have assumed that all cans were 
filled to the designed volume of either 12 or 16 fluid ounces, 
which eliminates the variability of volume in the gas law cal-
culations. In theory, if you were to underfill the can (while 
adjusting the labeling to indicate the lower fill), you would 
increase the headspace volume, creating more room for the gas 

Figure 11. Test of can failure for a national light beer in 16-oz standard cans based on the combination of CO2 volume and temperature. 

Figure 12. Test of can failure for a national light beer in 12-oz proprietary cans based on the combination of CO2 volume and temperature. 
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to expand into before deforming the can. I did not test for this 
directly; however, I did observe some correlation between fill 
weight and the temperature at which failure occurred. Very gen-
erally speaking, lighter weight cans (suggesting lower fill) failed 
at higher temperatures. This is certainly an opportunity for fur-
ther testing. 

Conclusions 
The charts and explanation of the test have been well- 

received by our clients and co-packers. In some cases, it has 
been used to educate brand owners about the limitations of 
cans and has allowed more realistic specifications to be set. In 
other circumstances, it has been used to influence co-packers 
who were understandably resistant to running higher carbona- 

tion products through their tunnel pasteurizers and had set ex-
ceedingly conservative limits. Like so many things in packag-
ing, you have to look at the whole picture to able to make better 
decisions, and this is just one more tool to help with that. 

I look forward to further refinement of the tool and for feed-
back on the science, math, and application of this in the field. 
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