Life Cycle Assessment and Case Studies
Coffee:
Ground coffee is a popular beverage and is packaged in a variety of package formats.
For this Life Cycle Assessment (LCA) study, the following popular package formats were
evaluated:
Table XX: Coffee Packaging Evaluation Comparison
Package Type/ Product Structure (package weight) Photo
Weight
Stand-up flexible pouch – Pouch - PET/ Foil/ PET/
340 g (12.0 oz.)
LDPE – 12.8 g
Steel tin tie - 0.9 g
TOTAL = 13.7 g

Steel can – 226.8 g
(8.0 oz.)

Steel Can and pull top –
102 g
Lid – LDPE – 9 g
TOTAL = 111 g

Plastic canister – 306 g
(10.8 oz.)

HDPE Canister - 52.7 g
Lidstock – PET/Foil/LDPE –
1.0g
Lid – LDPE - 10.0 g
TOTAL = 63.7 g

Packages as close as possible in size/ volume were selected to make the lifecycle
comparison. Not in all cases were packs of identical size/ volume available for purchase.
Many plastic HDPE canisters also contain a layer of EVAL EVOH as an aroma barrier, but
does not impact the recyclability of the canister.
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Fossil Fuel Consumption, Greenhouse Gas Emissions and Water Consumption
Comparison:
The charts below will highlight results of the fossil fuel usage, greenhouse gas (GHG)
emissions and water consumption for each of the package formats evaluated. These are
some of the primary indicators that package developers consider when appraising the
environmental impacts of a particular package. The EcoImpact/ COMPASS software
“normalizes” the data based on the functional unit such as weight or number of uses to
allow comparison between package formats which may not be the exact same size.
Figure X. Coffee package comparison – Fossil Fuel Consumption

The Fossil Fuel Consumption chart shows that the steel can and HDPE canister both have
much larger fossil fuel impacts during the material and manufacturing phases. This is
driven by the larger amount of energy required to produce the amount of resin for a
rigid package such as a plastic canister or steel can. In the manufacturing phase of the
HDPE canister, for example, the process is injection molding in which plastic pellets are
melted, then injected into a mold to create a container; whereas the stand-up flexible
bag is a laminating process where multiple layers of thin films are layered upon each
other, usually through use of an adhesive. The laminating process is a much less energy
intensive process than injection molding, which requires a lot of heat, and thus fossil
fuel (energy). Additionally, the amount of material (plastic resin) used in the
manufacture of the rigid container is 64.7 g vs. just 13.7 g for the stand-up flexible
pouch. Thus, a package such as the stand-up pouch that uses significantly less material
than other formats, will usually also have a lower overall fossil fuel usage through
material and energy use to form that package.
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Figure X. Coffee package comparison – GHG Emissions

These results in show that the stand-up flexible pouch as the primary package for
ground coffee, has a carbon impact (GHG emissions) that is significantly smaller than the
steel can (+683%) or the HDPE Canister (+376%) options. This is largely driven by the
impact of the material and manufacturing phases of the other package formats.
The stand-up flexible pouch uses just 13.7 g of material, while the HDPE canister uses
over 4 times as much material (64.7 grams of material) and the steel can option uses
over 8 times as much material (111 grams) while in both cases holding less product than
the stand-up flexible pouch. So again, a package that is much lighter than other package
formats, and uses a conversion process that uses less energy, will usually also result in
having a lower overall GHG emissions.
Additionally, the production of steel cans and the HDPE canister both require much
more energy in the manufacturing stage, which contributes to their larger carbon
impact in the manufacturing, or conversion stage.
Figure X. Coffee package comparison – Water consumption
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Finally, Figure X shows a comparison of water consumption during the life cycle of the
different package formats. The steel can has a significantly higher water usage (sixteen
times) than the stand-up flexible pouch, particularly during the material development
stage, as large amounts of water are used during the cooling process in the formation of
steel. While the HDPE plastic canister uses much less water than the steel can, it still
has a consumption value over twice that of the stand-up flexible pouch. This is due to
the use of cool water used during the injection molding process.
End of Use Results:
While the flexible stand-up flexible pouch has the lowest fossil fuel use, GHG emissions
and water use when looking at the primary package, the amount of material that is
eventually discarded is also an important consideration for package developers when
considering environmental impacts. The table below shows the results when current
recycling rates are considered.
Table XX. Coffee Packaging Format - Recycled and Landfilled Comparison
Format Component Pkg Product Package
Pkg
Pkg
Pkg
Wt.
%
%
wt./
Recycled/ Landfilled
(g)
1000 kg 1000 kg (g) / 1000
coffee
coffee
kg coffee
StandPouch/ Tin 13.7 96.1%
3.9%
40,294
0
40,294
up
Tie
Flexible
Pouch
Steel
Can/
111
67.1%
32.9% 489,418 326,296
163,122
Can
Lidding/ Lid
Plastic
Canister/
64.7 82.8%
17.2% 208,170
43,029
142,063
Canister
Lidstock/
Lid
To determine the package recycled and packaging discard rate, the following assumptions were made:
• Steel contained 37% recycled content (used as default in COMPASS software)
• Steel recycling rate 70.7% (EPA)
• LDPE lids recycling rate at 21% (Packaging Efficiency Report)
• HDPE Canister recycling rate at 34.4% (NAPCOR/ APR Report)
• Flexible packaging was assumed to have 0% recycling rate
• All material collected for recycling was assumed to be actually recycled
• Packaging landfilled is amount of packaging not recycled, goes to municipal solid waste

End of Use Summary:
According to the US EPA Waste Hierarchy, the most preferred method for waste
management is Source Reduction and Reuse (see Section 5). A major benefit of flexible
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packaging is the high product-to-package ratio which flexibles offer. As can be seen in
the coffee example above, the stand-up flexible pouch format makes up only 3.9% of
the total weight of the pack sold to the consumer, allowing for over 96% of the weight
being attributed to the product itself. The steel can option yields 67% of product by
weight, and the plastic canister sits in the middle at nearly 83% of the consumer pack
being attributed to product weight.
Another consideration, is how much of a package is ultimately discarded. The steel can
is one of most highly recycled materials at nearly 71%. Only corrugated boxes, at 89.5%
are higher for consumer packaging.
However, even when assuming a 71% recycling rate, the steel can still results in about 4
times as much material as landfilled waste versus the stand-up flexible pouch. This also
assumes that zero flexible packaging is recovered. For the steel can system to have the
same amount of landfilled material as the stand-up flexible pouch, the rate of recycling
for the steel can would need to increase to 93% and the LDPE lid would need to go from
21% to 75%!
The HDPE canister is recycled at a much lower rate of 34% compared to the steel can,
has a net rate of landfilled material about 3.5 times as great as the stand-up flexible
pouch. For the HDPE canister to have the same net discards as the flexible package, the
recycling rate for the HDPE canister would need to jump to 84% with a 70% recovery
rate for the lid.
The examples above showcase, that while many flexibles materials are not yet
recovered and recycled in any significant amount, they still result in a substantial
reduction in the amount of material sent to landfill versus other types of packaging.
Summary/ Implications:
When considering the different coffee format structures from a carbon impact, water
consumption and material discarded position, the stand-up flexible pouch results in a
more favorable environmental outcome than the other package formats by a wide
margin. This is largely driven by the reduced amount of material being used, as well as
the favorable product-to-package ratio that the stand-up flexible pouch format
provides. As with all package decisions, there are other package attributes such as
product protection, brand message, ease of use and other consumer features that must
be considered, including the sustainability benefits of each package format, on which
this report focuses for flexibles, and the total package design using a holistic approach.
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Table XX. below summarizes much of the critical data and package comparison
discussed for this coffee packaging case study.

Table XX. Coffee Packaging Comparison Summary
Format

Stand-up
flexible
pouch
Steel can
Plastic
(HDPE)
canister

Fossil Fuel
Consumption
(MJ-Equiv)
6,654

GHG
Emissions
(kg-CO2
equiv)
353

36,809
(+453%)
41,130
(+518%)

2763
(+683%)
1678
(+376%)

Water
Product-toConsumption
Package
(l)
ratio
1011

96:4

17,238
(+1605%)
3,164
(+213%)

67:23
83:17

Pkg
Landfilled
(g) / 1000
kg coffee
40,294
163,122
(+304%)
142,063
(+252%)

Notes:
• A normalized product weight (common value divisible by all package formats) of 1,927,800 grams
of product was used for Fossil Fuel, GHG and Water Consumption calculations.
• All percentages cited are for other formats compared to the stand-up flexible pouch.
• A higher number for product-to-package ratio (first number) cited means a higher percentage of
weight is attributed to product, and less to packaging, resulting in more efficient use of packaging
resources.
•
Package landfilled values are based on the of amount of packaging sent to municipal solid waste
after recycling, based on 1000 kg of coffee.

Sources:
• Recycling rates used in calculations based on EPA Advancing Sustainable
Materials Management Fact Sheet, November 2016 (Accessed November 29,
2017)
• Additional recycling rate sources:
o Other recycling rates determined from “A Study of Packaging Efficiency
as It Relates to Waste Prevention”, January 2016. Use Less Stuff Report http://use-less-stuff.com/wp-content/uploads/2017/10//2016Packaging-Efficiency-Study-1.19.16.pdf
o Paperboard recycling - https://www.epa.gov/sites/production/files/201611/documents/2014_smm_tablesfigures_508.pdf
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o HDPE Bottle recycling –from NAPCOR/ APR
http://www.recyclingtoday.com/article/2015-plastic-bottle-recyclingrate/
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Motor Oil:
Motor oil has traditionally been packaged in an HDPE bottles, and prior to that was
often packaged in composite cans with steel ends. Recently, however, there have been
some examples of motor oil being packaged in a flexible pouch with a fitment, which
also can aid in pouring the oil. For this Life Cycle Assessment study, the following
popular package formats were evaluated:
Table XX: Motor Oil Packaging Evaluation Comparison
Package Type/ Product Structure (package weight)
Weight
Stand-up pouch w fitment- Stand-up pouch - 60 ga.
28 fl. oz. (828.1 ml)
BON/ 6 mil HDPE - 16.3 g
Spout/ Fitment - LDPE 2.0 g
Cap - LDPE - 0.9 g
TOTAL = 19.2 g

Photo

HDPE bottle – 32 fl. oz. Bottle - HDPE - 53.6 g
(946.4 ml)
Closure - PP – 2.8 g
TOTAL = 56.4 g

Packages as close as possible in size/ volume were selected to make the life cycle
comparison. Not in all cases were packs of identical size/ volume available for purchase.

Fossil Fuel Consumption, Greenhouse Gas Emissions and Water Consumption
Comparison:
The charts below will highlight results of the fossil fuel usage, greenhouse gas (GHG)
emissions and water consumption for each of the package formats evaluated. These are
some of the primary common indicators that package developers consider when
appraising the environmental impacts of a particular package. The EcoImpact/
COMPASS software “normalizes” the data based on the functional unit such as weight or
number of uses to allow comparison between package formats which may not be the
exact same size.
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Figure X. Motor oil package comparison – Fossil Fuel Consumption

The Fossil Fuel Consumption chart above (Figure X) shows that the HDPE bottle has a
much larger use of fossil fuel sources (169%) vs. the stand-up pouch, driven largely by
the additional weight of the package (bottle weighs about 3 times as much as the standup pouch) as well as the additional energy/ fuel required in the injection molding
process for the HDPE bottle; whereas the stand-up bag process is a laminating process
where multiple layers of thin films are layered upon each other, usually through use of
an adhesive. The laminating process for the stand-up pouch is much less energy
intensive process than injection molding, which requires considerable heat to melt the
resin and force the melted plastic through a mold, and thus requires more energy in the
process (fossil fuel consumption). Therefore, a lighter package with a manufacturing
process that is less energy intensive, will almost always result in lower Fossil Fuel
Consumption, as is the case with the stand-up pouch with fitment.
Figure X. Motor oil package comparison – GHG Emissions

The GHG emissions chart also shows that the HDPE bottle has a greenhouse gas
emission or carbon impact about 1.5 times that of the stand-up pouch with fitment.
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Since both package formats are using plastic in their make-up, the package
manufacturing (conversion) process and amount of material plays a key role. Again,
since the flexible stand-up pouch uses much less material than the HDPE bottle, it has a
much-reduced carbon impact. The larger end of life impact for the plastic bottle is
driven by the fact that even though HDPE bottles are recycled at a rate of 34.4%, there
is still a larger impact due to about twice as much material ending up as municipal solid
waste (see Table XX. Motor Oil Packaging Format Environmental Metric Comparison).
Figure X. Motor oil package comparison – Water consumption

Finally, Figure X shows a comparison of water consumption during the life cycle of the
two package formats. In this case, the larger water consumption (+499%) for the HDPE
bottle is driven by the water that is needed to cool the molds in the injection molding
manufacturing process. The water helps to cool the plastic bottle so it can be removed
from the mold, speeding up the overall manufacturing process. The stand-up pouch
format, which is formed by laminating multiple thin layers of film together, uses much
less water in its manufacturing and conversion process.
End of Use Results:
The results above show that the stand-up pouch with fitment package has a much lower
usage of fossil fuel as well as carbon and water impact when considering the primary
package. Package developers also consider the amount of material that is recycled or
sent to landfill, to ensure that the package aligns with Circular Economy or Sustainable
Materials Management goals. Table XX (below) shows the results when current
recycling rates are considered, as well the product-to-package ratio, which is a measure
of the resource efficiency of the materials used. For this measure, a high product and a
low package number are desired.
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Table XX. Motor Oil Packaging - Recycled and Landfilled Comparison
Format Component Pkg Product Package Pkg wt.
Pkg
Wt.
%
%
(g)/
Recycled
(g)
1000 kg (g)/ 1000
motor kg motor
oil
oil
Stand Pouch/
19.2 96.1%
3.9%
26,301
0
up
Fitment
Pouch
w/
Fitment
HDPE
Bottle/
56.4
93.7%
6.3%
67,602
22,100
Bottle
Closure

Pkg
Landfilled
(g) / 1000
kg motor
oil
26,301

45,501

To determine the package recycled and packaging discard rate, the following assumptions were made:
• HDPE bottle recycling rate at 34.4% (NAPCOR/ APR Report)
• Flexible packaging was assumed to have 0% recycling rate
• Closures and fitments assumed to have 0% recycling rate
• All material collected for recycling was assumed to be actually recycled
• Package landfilled is amount of packaging not recycled, goes to municipal solid waste

End of Use Summary:
According to the US EPA Waste Hierarchy, the most preferred method for waste
management is Source Reduction and Reuse (see Section 5). A major benefit of flexible
packaging is the high product-to-package ratio which flexible packaging tends to offer.
Both the HDPE bottle and stand up pouch offer high amount of product vs. package
weight (93.7% and 96.1% respectively), with the stand-up pouch coming out slightly
ahead.
When considering how much of a package ends up in municipal solid waste, however,
the HDPE bottle would result in almost double the amount of material that ends up at a
landfill. The HDPE bottle is recycled at a rate of 34.4%, one of the highest rates for
plastic containers, but would need to be recycled at a rate of 64% to have the same
amount of package discarded as the stand-up pouch (assuming no recycling of the
stand-up pouch).
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The examples above highlight that while many multi-material flexible packages are not
yet recovered and recycled in any significant amount, they still result in a substantial
reduction in the amount of material sent to landfill versus other types of packaging.
Summary/ Implications:
The results show that when the traditional HDPE bottle and flexible stand-up pouch with
fitment are used for motor oil, the flexible structure will generally have a favorable
outcome from a fossil fuel usage, greenhouse gas (GHG) emissions, water consumption,
and material discarded position. This is largely driven by the flexible pouch using about
one-third of the material used as the rigid bottle, which results in less energy used in
manufacturing and transporting of the package materials, and associated environmental
impacts. As with all package decisions, there are other package attributes such as
product protection, brand message, ease of use and other consumer features that must
be considered, including the sustainability benefits of each package format, on which
this report focuses for flexibles, and the total package design using a holistic approach.
When considered holistically, the stand-up pouch has a number of positive sustainability
aspects across a wide range of environmental factors.
Table XX. below summarizes much of the critical data and package comparison
discussed for this motor oil packaging case study.
Table XX. Motor Oil Packaging Comparison Summary
Format

Fossil Fuel
Consumption
(MJ-Equiv)

GHG
Emissions
(kg-CO2
equiv)

Water
Product-toConsumption
Package
(l)
ratio

Stand-up
Pouch with
Fitment
HDPE
Bottle

14.12

.5998

1.03

96:4

38.58
(+173%)

1.52
(+153%)

6.33
(+513%)

94:6

Pkg
Landfilled
(g) / 1000
kg motor
oil
26,301

45,501
(+73%)

Notes:
• A normalized product weight (common value divisible by all package formats) of 224 fl. oz. of
product was used for Fossil Fuel, GHG and Water Consumption calculations.
• All percentages cited are for other formats compared to the stand-up flexible pouch.
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•

•

A higher number for product-to-package ratio (first number) cited means a higher percentage of
weight is attributed to product, and less to packaging, resulting in more efficient use of packaging
resources.
Package landfilled values are based on the of amount of packaging sent to municipal solid waste
after recycling, based on 1000 kg of motor oil.

Sources:
• Recycling rates used in calculations based on EPA Advancing Sustainable
Materials Management Fact Sheet, November 2016 (Accessed November 29,
2017)
• Additional recycling rate sources:
o Other recycling rates determined from “A Study of Packaging Efficiency
as It Relates to Waste Prevention”, January 2016. Use Less Stuff Report http://use-less-stuff.com/wp-content/uploads/2017/10//2016Packaging-Efficiency-Study-1.19.16.pdf
o 2015 APR Post Consumer Bottle Recycling report https://plastics.americanchemistry.com/2015-United-States-NationalPostconsumer-Plastic-Bottle-Recycling-Report.pdf
o Paperboard recycling - https://www.epa.gov/sites/production/files/201611/documents/2014_smm_tablesfigures_508.pdf
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Baby Food:
Baby Food has undergone a transformation over the past decade and is now available in
a number of different packaging formats. In the past, the food was often packaged in a
glass jar, due to the freshness and safety seal, as well as the installation of glass lines at
most packing facilities. Over the past few years, however, newer formats including
plastic thermoformed tubs and flexible pouches with fitments have made their way into
the market. The reasons can include ease of use, less mess, safety from a more
shatterproof package format, and ability for toddlers to use the pouch on their own
without the use of a utensil.
For this Life Cycle Assessment study, the following popular package formats were
evaluated:
Table XX: Baby Food Packaging Evaluation Comparison
Package Type/ Product Structure (package weight)
Weight
Pouch w Fitment- 4 oz.
Stand-up pouch (113 g)
48 ga. PET/ .0003” foil/ 3.5
mil cast PP – 3.6 g
Spout/ Fitment - PP - 1.6 g
Cap - PP - 2.5g
TOTAL = 7.7 g

Thermoform Tub – 4 oz.
(113 g)

Photo

Tub - PP/EVOH/PP - 6.7 g
Lid - PET - 2.8 g
Lidstock - PET/Alum/ LDPE 0.6 g
TOTAL = 10.1 g

Glass Jar – 4 oz. (113 g)

Jar - Glass - 82.8 g
Closure - Steel - 6 g
Label - Paper - .4 g
TOTAL = 89.2 g

Packages as close as possible in size/ volume were selected to make the lifecycle
comparison. Not in all cases were packs of identical size/ volume available for purchase.
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Fossil Fuel Consumption, Greenhouse Gas Emissions and Water Consumption
Comparison:
The charts below will highlight results of the fossil fuel usage, greenhouse gas (GHG)
emissions and water consumption for each of the package formats evaluated. These are
some of the common indicators that package developers consider when appraising the
environmental impacts of a particular package. The EcoImpact/ COMPASS software
“normalizes” the data based on the functional unit such as weight or number of uses to
allow comparison between package formats which may not be the exact same size.
Figure X. Baby Food Package Comparison – Fossil Fuel Consumption

The Fossil Fuel Consumption chart shows that the glass jar has a fossil fuel usage about
double that of the pouch with fitment and thermoformed tub, which are very close to
each other. Glass production takes significant energy to heat the materials to ultimately
form the glass package, which is driving the fossil fuel usage, particularly in the material
processing side. Thermoforming, which also requires energy to heat a plastic sheet and
form the plastic tub (6.7 g), but is much lighter than the glass jar (82.8 g), and thus
requires less overall fossil fuel/ energy. The flexible pouch formation uses a laminating
process where multiple layers of thin films are layered upon each other, usually through
use of an adhesive. Thus, the combination of the laminating process which is much less
energy intensive than glass forming, and lightweight nature of the pouch, drives its
lower fossil fuel consumption.
(todd: question to Trayak why not larger GHG for glass, particular in mfg stage)
Figure X. Baby Food Package Comparison – GHG Emissions
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The greenhouse gas emission results (Figure X) of the 3 package types, again, show that
the pouch with fitment and thermoformed tub come out very similarly. Again, the glass
jar in particular stands out with a much higher GHG impact, of about three times that of
the other two options. This is again driven by the amount of material required in the
glass jar option, which is over ten times greater than the pouch, as well as the glass
production process which requires more energy and thus has a much greater carbon
impact.
A package developer would not make a decision based on the GHG impact between the
pouch with fitment and thermoformed tub formats, which are very close. The package
format decision would be much more driven by consumer usage occasion. For instance,
if the child would be eating the food on their own while in a car, the pouch with fitment
makes sense. For other usage occasions with a parent feeding the child with a spoon,
perhaps the thermoformed tub may be more appropriate.

Figure X. Baby Food Package Comparison – Water Consumption
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Finally, Figure X shows a comparison of water consumption during the life cycle of the
three package formats. In this case, the large water consumption (1300%) for the glass
jar is driven by the water that is needed to cool the glass gob (piece of glass before it is
formed into a jar) from the glass production process. The results also show that the
thermoform tub uses less water overall than the pouch with fitment, likely due to
additional water needed in the injection molding process to the fitment and cap.
End of Use Results:
The charts above show that the pouch with fitment and the thermoform tub have very
similar results around fossil fuel usage and greenhouse gas impacts, while the glass jar
was significantly higher in all attributes versus the other package formats. In this
section, we will explore the impacts of a material recycled or sent to landfill to ensure
that the package aligns with Circular Economy or Sustainable Materials Management
goals. Table XX (below) shows the results when current recycling rates are considered,
as well the product-to-package ratio, which is a measure of the resource efficiency of
the materials used. For this measure, a high product and a low package number are
desired.
Table XX. Baby Food Packaging - Recycled and Landfilled Comparison
Format Component Pkg Product Package Pkg wt.
Pkg
Wt.
%
%
(g)/
Recycled
(g)
1000 kg (g)/ 1000
food
kg food
Pouch
Pouch
7.7
93.6%
6.4%
68,142
0
with
Fitment
ThermoTub/
10.1
91.8%
8.2%
89,381
0
formed
Lidstock/
Tub
Lid
Glass
Glass Jar/ 89.2 56.0%
44.0% 786,195 275,681
Jar
Steel
Closure

Pkg
Landfilled
(g) / 1000
kg food
68,142
89,381
510,513

To determine the package recycled and packaging discard rate, the following assumptions were made:
• Glass jar recycling rate at 32.5% (EPA Advancing Sustainable Materials Fact Sheet, 2014)
• Steel closure used - steel container recycling rate 70.7% (EPA)
• Thermoformed tub assumed to be 0% due to EVOH barrier, which makes tub a composite
structure (#7 SPI system)
• Flexible packaging was assumed to have 0% recycling rate
• Plastic closures and fitments assumed to have 0% recycling rate
• All material collected for recycling was assumed to be actually recycled
• Package landfilled is amount of packaging not recycled, goes to municipal solid waste
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End of Use Summary:
At the top of the US EPA Waste Hierarchy is Source Reduction and Reuse (see Section 5),
cited as methods for overall waste reduction. The comparison of product-to-package
ratio is a good measure of source reduction. Both the thermoformed tub and the pouch
with fitment offer a high amount of product vs. package weight (91.8% and 93.6%
respectively), with the stand-up pouch coming out slightly ahead. Meanwhile, for the
glass jar, only 56% of the total weight is for the product, with the package making up
44% of the total weight on the retail shelf.
Even when taking current recycling rates into account, the flexible pouch has the least
amount of material that ends up in the municipal solid waste stream. While glass
containers are recycled at over 30%, about 7.5 times more material than the pouch with
fitment ends up in a landfill. The thermoformed tub results in about 30% more material
to landfill than the pouch. Part of this is due to the barrier layer as part of the
thermoform structure, which does not allow the thermoformed tub to be easily
recycled, as well as the overall heavier weight of the thermoformed tub package (10.2 g)
than the pouch with fitment (7.7 g).
The examples above highlight that while many multi-material flexible packages are not
yet recovered and recycled in any significant amount, they still result in a substantial
reduction in the amount of material sent to landfill versus other types of packaging.
Summary/ Implications:
The results above show that both the flexible pouch with fitment and the thermoformed
tub have fairly similar profile for fossil fuel usage and greenhouse gas impacts. Both
package formats also result in a high product-to-package ratio of over 90+% by weight.
However, the flexible pouch with fitment results in lower material to municipal solid
waste. The glass jar has significantly larger sustainability impacts than the other
options, even when taking the recyclability of glass into consideration, driven largely by
the much heavier package and energy required to form glass.
As in almost all package selection criteria a wide range of package and product usage
occasions need to be considered holistically. Based on the overall similarities across the
sustainability attributes, the package design decision between a thermoformed tub and
a flexible pouch with fitment will be driven based on consumer usage occasion.
Consumers looking for children to feed themselves on the go, will likely opt for the
pouch with fitment format. The typical closure and fitment (child resistant closure) also
allows the package to be reclosed and reused later, if needed. Consumers looking to
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feed their toddler with a spoon, may decide the thermoformed tub better meets their
usage needs. When considered holistically, the stand-up pouch has a number of
positive sustainability aspects across a wide range of environmental factors.
Table XX. below summarizes much of the critical data and package comparison
discussed for this baby food packaging case study.
Table XX. Baby Food Packaging Comparison Summary
Format

Fossil Fuel
Consumption
(MJ-Equiv)

GHG
Emissions
(kg-CO2
equiv)

Water
Consumption
(l)

ProducttoPackage
ratio

Pouch with
fitment
Thermoformed
Tub
Glass Jar

.7349

.03098

.0753

94:6

.7832
(+7%)
1.46
(+99%)

.03305
(+7%)
.1245
(+302%)

.04587
(-38%)
1.05
(+1294%)

92:8
56:44

Pkg
Landfilled
(g) / 1000
kg baby
food
68,142
89,381
(+31%)
510,513
(+649)

Notes:
• A normalized product weight (common value divisible by all package formats) of 4 oz. of product
was used for Fossil Fuel, GHG and Water Consumption calculations.
• All percentages cited are for other formats compared to the stand-up flexible pouch.
• A higher number for product-to-package ratio (first number) cited means a higher percentage of
weight is attributed to product, and less to packaging, resulting in more efficient use of packaging
resources.
• Package landfilled values are based on the of amount of packaging sent to municipal solid waste
after recycling, based on 1000 kg of baby food.

Sources:
• Recycling rates used in calculations based on EPA Advancing Sustainable
Materials Management Fact Sheet, November 2016 (Accessed November 29,
2017)
• Additional recycling rate sources:
o Other recycling rates determined from “A Study of Packaging Efficiency
as It Relates to Waste Prevention”, January 2016. Use Less Stuff Report http://use-less-stuff.com/wp-content/uploads/2017/10//2016Packaging-Efficiency-Study-1.19.16.pdf
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o 2015 APR Post Consumer Bottle Recycling report https://plastics.americanchemistry.com/2015-United-States-NationalPostconsumer-Plastic-Bottle-Recycling-Report.pdf
o Paperboard recycling - https://www.epa.gov/sites/production/files/201611/documents/2014_smm_tablesfigures_508.pdf
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Laundry Detergent Pods
A popular format for laundry detergent has become the use of pods, which are premeasured packets which replace liquid or powdered detergent. The pod format has
also been used for dishwasher detergent as well.
For this Life Cycle Assessment study, two popular package formats were evaluated:
Table XX: Laundry Detergent Pods Evaluation Comparison
Package Type/ Product Structure (package weight) Photo
Weight
Stand-up Pouch w Zipper – Pouch - 48 ga. PET/ 60 ga.
32 pods
BON/ 3.5 mil LLDPE - 15.5 g
Zipper - PP - 4.5 g
TOTAL = 20.0 g

Rigid PET Container –
43 pods

Container & Cap - PET 148.9 g
TOTAL = 148.9 g

Packages as close as possible in size/ volume were selected to make the lifecycle
comparison. Not in all cases were packs of identical size/ volume available for purchase.

Fossil Fuel Consumption, Greenhouse Gas Emissions and Water Consumption
Comparison:
The charts below will highlight results of the fossil fuel usage, greenhouse gas (GHG)
emissions and water consumption for each of the package formats evaluated. These are
some of the common indicators that package developers consider when appraising the
environmental impacts of a particular package. The EcoImpact/ COMPASS software
“normalizes” the data based on the functional unit such as weight or number of uses to
allow comparison between package formats which may not be the exact same size.
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Figure X. Laundry Detergent Pods – Fossil Fuel Consumption

The Fossil Fuel Consumption chart shows that the rigid PET containers has a fossil fuel
usage about nearly five times (+504%) that of the stand-up pouch with zipper. With
both products being made of plastic, weight is the primary driver and the rigid container
weighs about seven times that of the pouch (148.9 g vs. 20.0 g). The injection molding
process in the manufacturing stage of the rigid PET container is also much more energy
intensive than the laminating process used by the flexible pouch, where multiple layers
of thin films are adhered to each other, often through the use of an adhesive. Thus, the
stand-up pouch comes out much more favorably in fossil fuel consumption, driven
largely by the weight and manufacturing, or conversion efficiency advantage.
Figure X. Laundry Detergent Pods – GHG Emissions

When considering the greenhouse gas (GHG) emissions of the two primary package
types, the pouch has a significant advantage, again largely due to using much less
material. The manufacturing, or conversion process of injection molding for the rigid
container also results in additional energy used in the process, leading to a higher
overall GHG emissions (+726%). The stand-up pouch uses a laminating process where
multiple layers of thin films are layered upon each other, usually through use of an
adhesive. The laminating process is a much less energy intensive process than injection
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molding, which requires a lot of heat or energy. Again, this leads to an advantage for
the stand-up pouch in the area of greenhouse gas emissions.

Figure X. Laundry Detergent Pods – Water Consumption

The graph above, Figure X, compares water consumption during the life cycle of both
package formats. The rigid PET container has a significantly larger water footprint
(+660%) than the pouch. This is again, is driven by the weight discrepancy between the
two packages as well as the use of water to cool molds during the injection molding
process, which drives the large value in the manufacturing value on the chart.
The graphs above show that the stand-up pouch with a zipper format uses significantly
lower amounts of fossil fuel and water, and also has a significantly lower greenhouse
gas impact than the rigid PET container. All of these results are driven by the large
weight benefit the pouch has over the rigid package (20 g vs. 148.9 g), as well as the
conversion process advantage that flexible pouch offers. Both package formats are
made entirely of plastic, but the stand-up pouch requires seven times less material,
driving its advantage across these three metrics.
End of Use Results:
In this section, we will explore the impacts of a material recycled or sent to municipal
solid waste to ensure that the package aligns with Circular Economy or Sustainable
Materials Management goals. Table XX (below) shows the results when current
recycling rates are considered, as well the product-to-package ratio, which is a measure
of the resource efficiency of the materials used. For this measure, a high product and a
low package number are desired.
Table XX. below summarizes the data from this section.
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Table XX. Laundry Detergent Pod Packaging - Recycled and Landfilled Comparison
Format
Component Pkg Product Package Pkg wt.
Pkg
Pkg
Wt.
%
%
(g)/
Recycled Landfilled
(g)
1000 kg
(g)/
(g) / 1000
food
1000 kg
kg food
food
Stand Pouch w/
20.0
97.9%
2.1%
21,209
0
21,209
up
Zipper
Pouch w
Zipper
Rigid
PET
148.9 89.4%
10.6% 118,175 35,689
82,486
PET
Container/
Container
Lid
To determine the package recycled and packaging discard rate, the following assumptions were made:
• PET container recycling rate of 30.1% (2015 APR Post Consumer Bottle Recycling report)
• Flexible packaging was assumed to have 0% recycling rate
• All material collected for recycling was assumed to be actually recycled
• Package landfilled is amount of packaging not recycled, goes to municipal solid waste

End of Use Summary:
A sustainable materials management system (see Section 4) looks to maximize the use
of resources in packaging. Additionally, the US EPA Waste Hierarchy (see Section 5) has
source reduction and reuse at the very top of the hierarchy as a method to reduce
overall waste.
The data above shows how well the stand-up pouch with zipper aligns with a
sustainable materials management framework, with nearly 98% of the weight on a retail
shelf being attributed to the product, and only about 2% attributed to the package.
When taking current recycling rates into consideration, the rigid PET container results in
nearly four times as much material ending in municipal solid waste than the flexible
stand-up pouch. In order for the PET container to have the same level of municipal solid
waste as the stand-up pouch has today, the recycling rate of both the container and cap
would need to reach over 80%.
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The examples above highlight that while many flexibles materials are not yet recovered
in any significant amount, they still result in a substantial reduction in the amount of
material sent to landfill vs. other package formats.
Summary/ Implications:
The results of the laundry pod case study show that the stand-up pouch has a number of
sustainability benefits (fossil fuel usage, carbon impact, water consumption, and
municipal solid waste) over the PET rigid container, even when taking the current
recycling rate of the rigid container into consideration.
When selecting a particular package format a number of product and package attributes
need to be considered. These may include retail environment, shelf impact, consumer
usage, product branding, reclose features and sustainability benefits. Sustainability
attributes are never considered on their own, but always as part of broader, more
holistic packaging solution.
Table XX. below summarizes much of the critical data and package comparison
discussed for this laundry detergent pod packaging case study.
Table XX. Laundry Detergent Pod Packaging Comparison Summary
Format

Stand -up
Pouch w
zipper
Rigid PET
Container

Fossil Fuel
Consumption
(MJ-Equiv)

Water
Consumption
(l)

76.73

GHG
Emissions
(kg-CO2
equiv)
3.10

463.68
(+504%)

25.60
(+726%)

37.98
(+660%)

5.00

ProducttoPackage
ratio
98:2

Pkg
Landfilled
(g) / 1000
kg pods
21,209

89:11

82,486
(+289%)

Notes:
• A normalized product weight (common value divisible by all package formats) of 1376 uses of
product was used for Fossil Fuel, GHG and Water Consumption calculations.
• All percentages cited are for other formats compared to the stand-up flexible pouch.
• A higher number for product-to-package ratio (first number) cited means a higher percentage of
weight is attributed to product, and less to packaging, resulting in more efficient use of packaging
resources.
•
Package landfilled values are based on the of amount of packaging sent to municipal solid waste
after recycling, based on 1000 kg of laundry detergent pods.
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Sources:
• Recycling rates used in calculations based on EPA Advancing Sustainable
Materials Management Fact Sheet, November 2016 (Accessed November 29,
2017)
• Additional recycling rate sources:
o Other recycling rates determined from “A Study of Packaging Efficiency
as It Relates to Waste Prevention”, January 2016. Use Less Stuff Report http://use-less-stuff.com/wp-content/uploads/2017/10//2016Packaging-Efficiency-Study-1.19.16.pdf
o 2015 APR Post Consumer Bottle Recycling report https://plastics.americanchemistry.com/2015-United-States-NationalPostconsumer-Plastic-Bottle-Recycling-Report.pdf
o Paperboard recycling - https://www.epa.gov/sites/production/files/201611/documents/2014_smm_tablesfigures_508.pdf
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Cat Litter
Cat litter is a requirement for all cat owners, and is sold in a number of different
formats. It is a fairly heavy product and requires a strong package. Cat litter is also
moisture sensitive, meaning that if it gets wet or moist from humidity, the product will
clump. Therefore, any package needs to consider a moisture barrier to ensure the
product meets the consumer needs when the product is opened and be strong. All
three of the package formats evaluated for this life cycle assessment study meet the
strength and moisture barrier criteria.
For this Life Cycle Assessment study, three popular package formats were evaluated:
Table XX: Cat Litter Evaluation Comparison
Package Type/ Product Structure (package weight)
Weight
Stand-up Bag -15 lbs.
Stand-up Bag – 48 ga. PET/
(6.80 kg)
48 ga. PET/ 3.5 mil HDPE
and Nylon Coex – 60.8 g
TOTAL = 60.8 g

Barrier Carton - 15 lbs.
(6.80 kg)

Carton – SUS paperboard –
552.1 g
Barrier Film – PET – 5.6 g
(estimated)
TOTAL = 557.7 g

Rigid Pail w Handle 12 lbs. (5.44 kg)

Tub with Handle – PP –
525.3 g
Lid – PP – 156.9 g

Photo

TOTAL = 682.2 g

Packages as close as possible in size/ volume were selected to make the lifecycle
comparison. Not in all cases were packs of identical size/ volume available for purchase.
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Fossil Fuel Consumption, Greenhouse Gas Emissions and Water Consumption
Comparison:
The charts below will highlight results of the fossil fuel usage, greenhouse gas (GHG)
emissions and water consumption for each of the package formats evaluated. These are
some of the primary indicators that package developers consider when appraising the
environmental impacts of a particular package. The EcoImpact/ COMPASS software
“normalizes” the data based on the functional unit such as weight or number of uses to
allow comparison between package formats which may not be the exact same size.
Figure X. Cat Litter – Fossil Fuel Consumption

As can be seen in the chart above, the stand-up bag uses considerably less fossil fuel in
manufacturing than the carton (+69%), and a significant amount less than the rigid pail
(+1400%). This is driven largely by the rigid pail requiring eleven times as much material
as the flexible bag (682 g versus 60 g). The higher fossil fuel consumption for the carton
is largely driven the energy needed in the paper making process as well as the much
high material weight (557 g versus 60 g). Thus, largely through its weight advantage, the
stand-up bag comes ahead of the other package types in fossil fuel consumption.
Figure X. Cat Litter – GHG Emissions

PTIS Proprietary & Confidential

28

Figure X (above) compares the greenhouse gas emissions (GHG) of the three pack
formats. Again, the flexible pouch comes out as preferable, by a wide margin over the
carton (+331%) and pail (+996%). In both cases, the other package formats use
considerably more material by weight than the pouch, which usually correlates to both
packages having greater GHG impact during the manufacturing stage. Additionally, the
injection molding process which the pail uses, requires more energy than carton
production and film lamination (adhering multiple layers of a thin plastic film to make a
multi-material flexible structure). This advantage for the stand-up bag appears in the
manufacturing process part of the chart for Figure X.
One unique factor that can be seen with the carton, is that is appears to have a negative
GHG impact in the material processing stage. This is due to a carbon “credit” for the
carbon sink/sequestration that occurs as a tree grows. The EcoImpact/ COMPASS
software considers biogenic carbon (emissions of burning biomass for electricity) and
designates as carbon negative, explaining why the material impact (red on the graph)
remains negative even with the processing of the wood into the paper based structures.
The other value that jumps out for the carton is the impact at end of life. The end of life
impact is large for the carton because as a composite structure (paperboard with a film
layer on top) is assumed that all of the packages will end up as municipal solid waste.
Paperboard without the film layer would often be typically recycled at a higher rate, but
due to the moisture barrier needed for cat litter, a film layer is added, which makes
recycling much more difficult. This is calculated as a burden and an emission of GHG.
The other package formats have an end of life impact as well, but the flexible pouch is
smaller due to the significant reduction in material used which ends up as solid waste.
The rigid pail end of life impact is also reduced as there are some benefits calculated
from recycling or waste to energy recovery.
Figure X. Cat Litter – Water Consumption

The graph above, Figure X, looks at a comparison of the water consumption during the
life cycle of both package formats. Paper manufacturing requires significant amounts of
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water in the paper forming process. Water is added to wood fibers initially to create a
slurry of fibers, and then needs to be removed once the fibers are optimally aligned to
create the paper sheet used in packaging. All of this results in a much higher water
consumption rate (+3600%) vs. the stand-up bag.
The rigid pail also has a much higher water footprint than the flexible bag (+1400%),
driven largely by the water used to cool the molds used in production of the plastic
pails. Water is flushed into the molds to quickly cool the molten plastic and increase
production speeds.
Thus, the stand-up bag has a significant advantage in water consumption versus the
other two formats.
End of Use Results:
In this section, we will explore the impacts of a material recycled or sent to municipal
solid waste to ensure that the package aligns with Circular Economy or Sustainable
Materials Management goals. Table XX (below) shows the results when current
recycling rates are considered, as well the product-to-package ratio, which is a measure
of the resource efficiency of the materials used. For this measure, a high product and a
low package number are desired.
Table XX. Cat Litter Packaging - Recycled and Landfilled Comparison
Format
Component Pkg Product Package Pkg wt.
Pkg
Pkg
Wt.
%
%
(g)/
Recycled Landfilled
(g)
1000 kg (g)/ 1000 (g) / 1000
cat
kg cat
kg cat
litter
litter
litter
StandFlexible bag 60.8
99.1%
0.9%
8,941
0
8,941
up bag
Barrier
Carton w/ 557.7 92.5%
7.5%
82,015
0
82,015
carton
PET film
Rigid pail

PP pail/ lid

148.9

88.9%

11.1%

125,404 13,794

111,610

To determine the package recycled and packaging discard rate, the following assumptions were made:
• PP container recycling rate of 11.0% (A Study of Packaging Efficiency as It Relates to Waste
Prevention”, January 2016)
• Barrier carton assumed to have 0% recycling rate due to barrier film, which makes carton a
composite (two materials) and difficult to recycle
• Flexible packaging was assumed to have 0% recycling rate
• All material collected for recycling was assumed to be actually recycled
• Package landfilled is amount of packaging not recycled, goes to municipal solid waste
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End of Use Summary:
The data collected in Table XX shows that the stand-up bag offers a very high productto-package ratio of over 99%! This means that in order to successfully deliver cat litter
product to a consumer, with the required moisture barrier and strength, only 1% by
weight of what sits on the shelf is the package. The other formats result in the package
weighing 7.5% for the carton option and 11% for the rigid pail.
Table XX also shows the amount of material that ends up in a landfill as municipal solid
waste. None of the package formats are recycled in any large amount today. The
paperboard carton is not typically recycled because of the film lamination to the board,
which is needed to provide the appropriate moisture barrier. Based on this, the standup bag system results in about nine times less material to landfill than the pouch, and
over twelve times less material by weight than the rigid pail, even considering the
recycling rate of the PP pail. The PP pail and lid would need to achieve a recycling rate
of over 90%, from today’s 11%, to have the same weight of material sent to landfill as
the stand-up bag.
Summary/ Implications:
The results of the data when comparing different cat litter package options shows that
the stand-up bag has a number of significant benefits (fossil fuel usage, carbon impact,
water consumption, and municipal solid waste) over the rigid pail and barrier carton,
even when taking the current recycling rate of the rigid container into consideration.
The cat litter packaging example also highlights, that while many multi-layer flexible
materials are not yet recovered and recycled in any significant amount, they still
significantly reduce the amount of material sent to landfill versus other package types.
Other package formats in this case study would need to drive a massive increase in
recycling rates in order to match the current levels of municipal solid waste enabled
through flexible packaging.
When selecting an appropriate package format, there are other package attributes such
as product protection, brand message, ease of use and other consumer features that
must be considered, including the sustainability benefits of each package format, on
which this report focuses for flexibles, and the total package design using a holistic
approach. Sustainability attributes are never considered on their own, but always as
part of broader, more holistic packaging solution.
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Table XX. below summarizes much of the critical data and package comparison
discussed for this cat litter packaging case study.
Table XX. Cat Litter Packaging Comparison Summary
Format

Fossil Fuel
Consumption
(MJ-Equiv)

GHG
Emissions
(kg-CO2
equiv)

Water
Consumption
(l)

ProducttoPackage
ratio

Stand-up bag

2,248

125.40

182

99:1

Barrier carton

3812
(+504%)
34,371
(+1429%)

540.46
(+331%)
1,373.85
(+996%)

6,684
(+3573%)
2676
(+1370%)

93:7

Rigid pail

89:11

Pkg
Landfilled
(g) / 1000
kg cat
litter
8,941
82,015
(+817%)
111,610
(+1148%)

Notes:
• A normalized product weight (common value divisible by all package formats) of 2720 kg of
product was used for Fossil Fuel, GHG and Water Consumption calculations.
• All percentages cited are for other formats compared to the stand-up flexible pouch.
• A higher number for product-to-package ratio (first number) cited means a higher percentage of
weight is attributed to product, and less to packaging, resulting in more efficient use of packaging
resources.
• Package landfilled values are based on the of amount of packaging sent to municipal solid waste
after recycling, based on 1000 kg of cat litter.

Sources:
• Recycling rates used in calculations based on EPA Advancing Sustainable
Materials Management Fact Sheet, November 2016 (Accessed November 29,
2017)
• Additional recycling rate sources:
o Other recycling rates determined from “A Study of Packaging Efficiency
as It Relates to Waste Prevention”, January 2016. Use Less Stuff Report http://use-less-stuff.com/wp-content/uploads/2017/10//2016Packaging-Efficiency-Study-1.19.16.pdf
o 2015 APR Post Consumer Bottle Recycling report https://plastics.americanchemistry.com/2015-United-States-NationalPostconsumer-Plastic-Bottle-Recycling-Report.pdf
o Paperboard recycling - https://www.epa.gov/sites/production/files/201611/documents/2014_smm_tablesfigures_508.pdf
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Beverages: Single Serve Juice Flavored Beverages
Beverages are sold in a wide variety of package formats based on their volume, usage
occasions (on the go, at home, at work), target audience, branding, among many other
considerations. Beverages are also heavy, requiring a package format that is robust
enough to contain the volume without breaking during usage or transport. An example
of a beverage that is sold in a wide variety of package formats is juice or fruit flavored
beverages.
For this Life Cycle Assessment study, we evaluated five popular beverage formats used
for juice/ fruit flavored beverages.
Table XX: Single Serve Juice Evaluation Comparison
Package Type/ Product Structure (package weight)
Weight
Drink Pouch - (6 fl. oz.)
Pouch - PET/ Foil/ LLDPE 177 ml
4.5 g
Straw - PP - 0.4 g
TOTAL = 4.9 g

Composite Carton 6.75 fl. oz. (200 ml)

Carton - SUS paper/ LLDPE/
Aluminum - 8.9 g
Straw - PP - .4 g
TOTAL = 9.3 g

PET Bottle - 8 fl. oz.
(237 ml)

Bottle - PET - 8.6 g

Photo

Cap - PP –-1.3 g
Label - Paper - 0.6 g
TOTAL = 10.3 g
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Package Type/ Product Structure (package weight)
Weight
Aluminum Can – 5.5 fl. oz. Can - aluminum - 9.2 g
(163 ml)
TOTAL = 9.2 g

Glass Bottle – 10 fl. oz.
(296 ml)

Photo

Bottle – glass – 152 g
Cap – PP – 3 g
Label – PS – 2 g
TOTAL = 157 g

Packages as close as possible in size/ volume were selected to make the lifecycle
comparison. Not in all cases were packs of identical size/ volume available for purchase.
As you can see from looking at Table XX, the glass bottle requires significantly more
packaging material than other formats, one of the reasons that it is not as widely used
as in the past for fruit or flavored beverages. The flexible pouch, aluminum can, and
composite carton are at the other end of the spectrum, with under 10 grams of
packaging for these drink packages, though holding a bit less beverage (6 fl. oz. vs. 10 fl.
oz.) than the glass bottle. The PET bottle package is very close as well 10.3 grams of
material used for 8 oz. of a beverage.
An interesting observation as well is that the closure alone for the glass bottle weighs in
at 3 grams, nearly the same weight of the entire flexible pouch in this example, which
was 4.5 grams (without the straw).
Fossil Fuel Consumption, Greenhouse Gas Emissions and Water Consumption
Comparison:
The charts below will highlight results of the fossil fuel usage, greenhouse gas (GHG)
emissions and water consumption for each of the package formats evaluated. These are
some of the primary indicators that package developers consider when appraising the
environmental impacts of a particular package. The EcoImpact/ COMPASS software
“normalizes” the data based on the functional unit such as weight or number of uses to
allow comparison between package formats which may not be the exact same size.
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Figure X. Single Serve Juice Packaging – Fossil Fuel Consumption

As can be seen in the chart above (Figure X), the drink pouch uses considerably less
fossil fuel in material processing and manufacturing stages than most of the other
package formats, including the PET bottle, aluminum can, and glass bottle. These are all
driven by requiring more material to hold the same amount of product, as well as the
material production of the other package formats being more energy intense.
The process to form glass and aluminum both require large amounts of heat, and thus
energy, which drives their much larger fossil fuel consumption. The composite carton
comes out quite similar to the drink pouch at just 7% more fossil fuel consumption. This
is driven by both package formats being relatively close in weight of material needed to
hold around 6 fl. oz. of a juice beverage. They are also both multi-layer composite
structures, which means they use multiple thin layers of material to provide the barrier
and strength needed to contain a beverage.
Thus, the drink pouch and composite carton come out with more favorable results in
fossil fuel consumption.
Figure X. Single Serve Juice Packaging – GHG Emissions
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Figure X compares the greenhouse gas (GHG) emissions of the five package formats that
were evaluated. The drink pouch has the lowest overall GHG emissions, of all of the
packs evaluated. The composite container comes in next with a carbon impact 28%
greater than the drink pouch. Again, since both the drink pouch and the composite
carton are lightweight structures and have very energy efficient process, as noted in the
fossil fuel consumption section, they tend to have the lowest GHG emissions.
The PET bottle, which uses a blow mold process to form the bottle, using heat and
pressurized air to form the bottle within a mold. This process, results in a GHG
emissions that are 58% greater than the drink pouch, but still significantly lower than
the aluminum can or glass bottle.
Both the aluminum can and the glass bottle have GHG emissions which are significantly
higher than the drink pouch. The aluminum can is a relatively lightweight package, but
the production of aluminum is a very energy intensive process, which drives its high
carbon impact. Finally, the glass bottle is by far the heaviest package option, and thus
could be expected to have among the highest GHG emissions. It’s heavy weight also
results in it having a fairly large transportation impact for GHG emissions, compared to
the other package formats.
Therefore, the drink pouch has the lowest GHG emissions of the options due largely to
its light weight and overall efficient material and manufacturing process.
Figure X. Single Serve Juice Packaging – Water Consumption

Figure X (above) compares water consumption during the life cycle of all package
formats. The drink pouch uses the least amount of water by a wide of all of the
packages. The laminating process of combining multiple thin film layers together used
for the drink pouch uses very little water. The composite carton water consumption is
driven by its use of paper, which makes up a majority of the multi-material structure.
Paper, while being a bio-based material, has a very water intensive production process.
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The aluminum can and glass bottle both use large amount of water in the manufacturing
of their respective materials as part of the overall cooling process, and drives their
significantly higher water consumption values.
End of Use Results:
In this section, we will explore the impacts of a material recycled or sent to municipal
solid waste to ensure that the package aligns with Circular Economy or Sustainable
Materials Management goals. Table XX (below) shows the results when current
recycling rates are considered, as well the product-to-package ratio, which is a measure
of the resource efficiency of the materials used. For this measure, a high product and a
low package number are desired.
Table XX. Single Serve Juice Packaging - Recycled and Landfilled Comparison
Format
Component Pkg Product Package Pkg wt.
Pkg
Pkg
Wt.
%
%
(g)/
Recycled Landfilled
(g)
1000 kg (g)/ 1000 (g) / 1000
drink
kg drink
kg drink
Drink
Multi-layer
4.9
97.3%
2.7%
27,734
0
27,734
Pouch
pouch/
straw
CompMulti-layer
9.3
95.5%
4.5%
46,584
4,458
42,126
osite
carton/
Carton
straw
PET
Bottle/ lid
10.3
95.6%
4.4%
45,652
11,361
34,290
Bottle
Aluminum
Can

Can

9.2

94.6%

5.4%

56,543

31,155

25,388

Glass
Bottle

Bottle/ lid

157

65.3%

34.7%

531,362

167,193

364,169

To determine the package recycled and packaging discard rate, the following assumptions were made:
• Glass Bottle recycling rate of 32.5% (2014 EPA Advancing Sustainable Materials Management
Fact Sheet)
• PET container recycling rate of 30.1% (2015 APR Post Consumer Bottle Recycling report)
• Aluminum container recycling rate of 55.1% (2014 EPA Advancing Sustainable Materials
Management Fact Sheet)
• Composite carton recycling rate of 10% (A Study of Packaging Efficiency as It Relates to Waste
Prevention”, January 2016)
• Drink pouch was assumed to have 0% recycling rate
• All material collected for recycling was assumed to be actually recycled
• Package landfilled is amount of packaging not recycled, goes to municipal solid waste
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End of Use Summary:
There are some interesting results to highlight from Table XX. First, is the fact that all of
the package formats, except for the glass bottle, result in a product-to-package ratio of
over 94%. This shows that most package formats today are very efficient in their usage
of materials to transport beverages. The drink pouch is the most efficient with a
product-to-package ratio of over 97%.
Another interesting note is that when considering the amount of packaging the ends up
as municipal solid waste based on current recycling rates, the aluminum can and drink
pouch are quite similar (25,388 g vs 27,734 g of package / 1000 kg of beverage), with the
aluminum can resulting in about 8% less material to landfill as the drink pouch. This is
driven by the aluminum can being quite lightweight, as well as having a recycling rate of
55%. The drink pouch was assumed to not be recycled at all. The composite carton and
PET bottle results in more material being landfilled (at 52% and 24% respectively) than
the drink pouch. Composite cartons have begun to be recycled in the past few years,
based on industry efforts to drive collection.
The comparison between the aluminum can and drink pouch is an example of a case
where other environmental indicators such as fossil fuel use, GHG emissions, and water
consumption should be taken into consideration to get a more holistic environmental
picture. These are all areas that the flexible pouch had significantly more favorable
results than the aluminum can. Of course, product protection, target consumer, usage
occasion, equipment and other variables need to be into consideration as well, but the
example highlights the risk of looking at any single environmental metric when making a
decision based on the “best” package.
The examples above highlight that while many flexibles materials are not yet recovered
and recycled in any significant amount, they still result in a substantial reduction in the
amount of material sent to landfill vs. most other package formats, as well as an
advantage in fossil fuel consumption, GHG emissions and water consumption.
Summary/ Implications:
The results of the data comparing the different juice package formats show the drink
pouch has a number significant benefits (fossil fuel usage, carbon impact, water
consumption) over the other formats when considering these environmental indicators.
The drink pouch also results in much less municipal solid waste than all of the package
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formats, except for the aluminum can, which has a slight advantage based on its
relatively high recycling rate.
The juice flavored beverage package example highlights the need to holistically consider
a wide range of environmental attributes when selecting the “most sustainable
package”. There are a number of metrics that can be considered, and it’s important for
package developers and other stakeholders to consider the whole picture.
When selecting a particular package format, a number of product and package
attributes need to be considered. These may include product protection, retail
environment, consumer usage, product branding, operational impacts and sustainability
benefits. Sustainability attributes are never considered on their own, but always as part
of broader more holistic packaging solution to get to the optimal solution.
Table XX. below summarizes much of the critical data and package comparison
discussed for this single serve juice flavored beverage packaging case study.
Table XX. Single Serve Juice Packaging Comparison Summary
Format

Drink Pouch

88,736

GHG
Emissions
(kg-CO2
equiv)
4,652

Composite
carton
PET Bottle

95,250
(+7%)
140,231
(+58%)
275,766
(+211%)
326,690
(+268%)

5,967
(+28%)
7,319
(+57%)
27,105
(+483%)
25,612
(+451%)

Aluminum Can
Glass Bottle

Fossil Fuel
Consumption
(MJ-Equiv)

Water
Consumption
(l)

71,685
(+492%)
28,738
(+137%)
91,812
(+658%)
209,809
(+1633%)

12,108

ProducttoPackage
ratio
97:3

Pkg
Landfilled
(g) / 1000
kg juice
27,734

96:4

42,126
(+52%)
34,290
(+24%)
25,388
(-8%)
364,169
(+1213%)

96:4
95:5
65:35

Notes:
• A normalized product weight (common value divisible by all package formats) of 1,188,000 fl. oz.
of product was used for Fossil Fuel, GHG and Water Consumption calculations.
• All percentages cited are for other formats compared to the stand-up flexible pouch.
• A higher number for product-to-package ratio (first number) cited means a higher percentage of
weight is attributed to product, and less to packaging, resulting in more efficient use of packaging
resources.
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•

Package landfilled values are based on the of amount of packaging sent to municipal solid waste
after recycling, based on 1000 kg of juice.

Sources:
• Recycling rates used in calculations based on EPA Advancing Sustainable
Materials Management Fact Sheet, November 2016 (Accessed November 29,
2017)
• Additional recycling rate sources:
o Other recycling rates determined from “A Study of Packaging Efficiency
as It Relates to Waste Prevention”, January 2016. Use Less Stuff Report http://use-less-stuff.com/wp-content/uploads/2017/10//2016Packaging-Efficiency-Study-1.19.16.pdf
o 2015 APR Post Consumer Bottle Recycling report https://plastics.americanchemistry.com/2015-United-States-NationalPostconsumer-Plastic-Bottle-Recycling-Report.pdf
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Life Cycle Assessment and Case Stories – APPENDIX
Coffee:
EcoImpact/ COMPASS LCA Tool inputs:
Format

Prod. Component
Wt.
Plastic
306 g
Rigid
Container
canister
Lidstock

Lid

Steel Can

226.8
g

Stand up 340 g
pouch

Steel can
and pull
top
Lid

Stand up
pouch

Tin Tie

Material

Wt. (g)

Process

Pkg Type

HDPE

52.7

Injection
Molding

PET
Aluminum
LDPE
LDPE

.26
.19
.55
10

Lamination
Sheet Rolling
Lamination
Injection
Molding

Other
Plastic
Container
Composite
Composite
Composite
Other
Plastic Pkg

Steel

102

Production of
tin can

LDPE

9

Injection
Molding

Food and
Other
Cans
Other
Plastic Pkg

PET

3.34

Lamination

Composite

Aluminum

2.38

Sheet Rolling

Composite

LDPE

1.67

Lamination

Composite

Steel

.9

Steel Wire
Drawing

Other
Steel Pkg
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Motor Oil:
EcoImpact/ COMPASS LCA Tool inputs:
Format
HDPE
Bottle

Stand up
pouch

Prod. Component
Wt.
56.4 Rigid Bottle
g

19.2
g

Material

Wt. (g)

Process

Pkg Type

HDPE

56.6

Injection
Molding

Closure

PP

2.8

Lamination

Other
Plastic
Container
Composite

Stand up
pouch

Nylon 6

1.72

Lamination

Composite

HDPE

14.56

Lamination

Composite

LDPE

2.9

Lamination

Composite

Fitment

PTIS Proprietary & Confidential

42

Baby Food:
EcoImpact/ COMPASS LCA Tool inputs:
Format

Prod. Component Material
Wt.
Glass Jar 89.2
Glass Jar
Container
g
Glass

Thermoformed
Tub

Pouch w
fitment

10.1
g

7.7 g

Wt. (g)

Process

Pkg Type

82.8

Production of
Container Glass
Production of
Tin Can
N/A

Food &
Other
Bottles &
Jars
Other
Steel Pkg
Bags,
Sacks &
Wraps

Closure

Steel

6

Label

Oriented
PolyPropylene

.4

Tub

Polypropylene

6.7

Thermoforming Composite
plastic sheet

Lid

PET

2.8

Lidstock

PET
Aluminum

.09
.13

Other
Plastic Pkg
Composite
Composite

LDPE

.38

Thermoforming
plastic sheet
Laminating
Alum Sheet
Rolling
Laminating

PET

.52

Lamination

Composite

Aluminum

.63

Sheet Rolling

Composite

Polypropylene
Polypropylene

2.45

Lamination

Composite

4.1

Injection
Molding

Composite

Stand up
pouch

Fitment
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Laundry Detergent Pods:
EcoImpact/ COMPASS LCA Tool inputs:
Format

Prod. Component
Wt.
Rigid PET 148.9
PET
container
g
container &
lid
Stand up
pouch w
zipper

20.0
g

Stand up
pouch

Zipper

Material

Wt. (g)

Process

Pkg Type

PET

148.9

Injection
Molding

Other
Plastic
Container

PET

2.25

Lamination

Composite

Nylon 6

2.36

Lamination

N/A

LLDPE

10.89

Lamination

Composite

PP

4.5

Injection
Molding

Composite
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Cat Litter:
EcoImpact/ COMPASS LCA Tool inputs:
Format
Rigid
Pail

Carton

Prod. Component
Wt.
682.2 Rigid pail
g
w/ handle

557.7
g

Stand up 60.81
bag
g

Material

Wt. (g)

Process

Pkg Type

PP

525.3

Injection
Molding

Lid

PP

156.9

Injection
Molding

Other
Plastic
Containers
Other
Plastic Pkg

Carton w/
film
lamination

SUS

552.1

Composite

PET

5.6

Production of
carton (w
gravure
printing)
Laminating

PET

16.1

Lamination

Composite

HDPE

23.57

Lamination

Composite

Nylon 6

21.14

Lamination

N/A

Stand up
bag
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Beverages: Single Serve Juice
EcoImpact/ COMPASS LCA Tool inputs:
Format

Prod. Component
Wt.

Material

Wt. (g)

Process

Pkg Type

Glass
Bottle

157.0
g

Bottle

Container
Glass

152.0

Production of
Container Glass

Cap

PP

3

Label

Expanded
Polystyrene
(EPS)

2

Injection
Molding
Foaming/
Expanding

Beer and
Soft Drink
Bottles
Other
Plastic Pkg
Other
Plastic Pkg

Bottle

PET

PET Bottle

8.6g

21.7

Blow Molding
Injection
Molding
Bleached Kraft
Paper

Soft Drink
Bottles
Other
Plastic Pkg
Other
Paper Pkg

Cap

PP

1.3

Label

Paper

.6

Aluminum
Can

9.2 g

Can

Aluminum

9.2

Production of
Aluminum Cans

Beer & Soft
Drink Cans

Composite
Carton

9.31 g

Carton

Bleached
Kraft Paper
LLDPE

5.42

Paper Cutting

Composite

2.27

Laminating

Composite

Aluminum

1.22

Composite

Straw

PP

.4

Aluminum
Sheet Rolling
Extrusion
(plastic tube)

Pouch

PET

.61

Laminating

Composite

Aluminum

1.02

Composite

LLDPE

2.88

Aluminum
Sheet Rolling
Laminating

PP

.4

Extrusion
(plastic tube)

Other
Plastic Pkg

Drink
Pouch

4.91 g

Straw
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