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The GWP profiles indicate that using PLA releases more greenhouse gases into the 
atmosphere.  The graph in Figure 5-26 shows 161 equivalent kg of CO2 for the 
PLA/LLDPE PDS and 178 equivalent kg of CO2 for the PLA/PLA PDS.  These 
results do not agree with the claim made by Cargill-Dow that the production of PLA 
releases less carbon dioxide than production of most hydrocarbon-based polymers.70.  
As described in the assumptions section, the CO2 emission burden from PLA was 
calculated by subtracting the CO2 equivalent of the carbon fixed in the corn from the 
CO2 generated from the burning of fossil fuels.  Despite this accounting the PLA still 
shows a higher GWP due its CO2 emissions (2410 g/kg) from material production 
being greater than that of PP (1780 g/kg).  A higher level of CO2 emissions would be 
expected for PLA since the PLA PDSs consumed more life cycle energy as fuel (3,066 
MJ/kg for the PLA/LLDPE PDS and 3,138 MJ/kg for the PLA/PLA PDS) than the 
PP PDS (2,345 MJ/kg). 
 
The MAC graph in Figure 5-27 shows a much higher air pollution burden for the 
PDSs using PLA components.  The difference between PLA and PP is due to two 
items discussed above, the higher process energy required for PLA and the dust 
generated during fertilizer production.  The exagerated shape of the profiles in 
comparison to the air emission is due to the relatively high weighting given to 
particulate matter in the maximum allowable concentration formula.  The totals for 
each PDS are: PLA/LLDPE (350 m³ of polluted air), PLA/PLA (441 m³) and 
PP/LLDPE (153 m³). 

Figure 5-27:  Life Cycle MAC - PLA PDS 
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The final characterized impact category is ozone depletion potential (ODP).  As with 
most of other environmental metrics the difference between the PDSs lie in the 
material production phase.  The input attributing for the bulk of ODP substances 
(halon 1301 and carbon tetrachloride) in this phase is the phosphate used for 
fertilizing the corn crops.  Overall life cycle ODP for the PLA/LLDPE, PLA/PLA and 
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PP/LLDPE PDSs are 5.19, 5.74 and 3.88 equiv. g of CFC-11 respectively.  Also, it 
should be noted that refrigeration was outside the systems boundaries, but many 
refrigerants could greatly increase the life cycle ODP. 

Figure 5-28:  Life Cycle ODP - PLA PDS 
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5.2.3  Coated Unbleached Paperboard PDS Comparison 

This section compares the Current PDS to an alternative PDS that utilizes coated 
Solid Unbleached Sulfate (SUS) paperboard cups in place of PP cups.  In one 
analysis, the paperboard cups were coated with LDPE, and in a second analysis, the 
paperboard cups were coated with PLA.  The results shown below are for a 
composite PDS consisting of 4 oz., 6 oz. and 8 oz. containers.  Table 5-6 in the 
previous section shows the breakdown of the composite PDS by container size.  All 
containers with lids were analyzed using the current LLDPE lid from Polytainers 
and the current seals. 
 
The 6 oz. coated paperboard cups considered in this study were lighter than the 
6 oz. PP containers, while the 4 oz. and 8 oz. paperboard containers were heavier 
than the corresponding PP cups.  The composite comparisons yielded mixed results 
for coated paperboard as it performed better than PP in some categories and worse 
in others.  Generally, there were only slight differences between the performance of 
LDPE and PLA coated unbleached paperboard containers.  Although the final cups 
are lightweight, more paper material is needed to make up for higher scrap rates.  
During conversion, sidewalls, tops, and bottoms are cut out of sheets of paperboard 
leaving behind a significant amount of pre-consumer material that is baled and 
recycled in an open-loop system.  Recycled pre-consumer paper may be put to higher 
quality uses than “down-cycled” plastic resins, but cannot be used for food 
containers. 
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5.2.3.1  Coated Paperboard Life Cycle Energy 
The total energy consumption for the LDPE coated unbleached paperboard PDS was 
3970 MJ and 3960 MJ for PLA coated unbleached paperboard PDS.  These amounts 
are 4.8% lower and 5.0% lower respectively than PP containers at 4170 MJ.  The 
profile of energy use across the life cycle phases was similar for each of the PDSs 
with the Material Production phase having the highest energy consumption for all 
three.  The coated paperboard PDSs had lower energy consumption in the Material 
Production and Manufacturing phases.  The primary reason that the coated 
paperboard PDSs had lower energy consumption in the Material Production phase 
was that the feedstock energy for paperboard is much lower than for PP.   
 
The Current PDS used significantly more energy in the Manufacturing phase.  
However, it is difficult to draw conclusions about the energy intensity of the 
paperboard cup manufacturing process as compared to the PP cup manufacturing 
process.  The two manufacturing processes are very different, as are the material 
inputs.  The Material Production phase for both materials includes the burdens 
associated with materials manufacture.  For PP, materials manufacture includes 
polymerization and pelletizing operations while PP manufacturing consists of the 
injection molding of the pelletized PP.  For paperboard, materials manufacture 
includes pulp production as well as the production of the paperboard itself.  Coated 
paperboard manufacturing consists of the coating and conversion operations.  With 
these differences, it was impossible to define the boundary between Material 
Production and Manufacturing in a way that was consistent for both paperboard 
and PP.   

Figure 5-29:  Life Cycle Energy - Coated Paperboard PDS 
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Another way to analyze energy consumption is the mixture from renewable and 
non-renewable sources.  As seen in Figure 5-30, the composition of renewable and 
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non-renewable energy is more favorable for the paperboard PDS than for PP.  There 
are two reasons for this.  The feedstock energy for paperboard is almost entirely 
derived from renewable resources.  In addition, a significant amount of the fuel 
energy used in material production of paperboard is derived from renewable 
resources.  The paper industry self-generates much of the energy from wood waste 
byproducts. 

Figure 5-30:  Life Cycle Renewable Energy - Coated Paperboard PDS 
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5.2.3.2  Coated Paperboard Life Cycle Solid Waste 
Coated unbleached paperboard had significantly higher life cycle solid waste than 
PP.  The Material Production and Manufacturing phases accounted for some of this 
additional solid waste.  There was also more solid waste at the End-of-Life phase for 
the paperboard, particularly the paperboard coated with PLA.  One reason for this 
is that a credit is given at End-of-Life for solid waste avoided due to the energy 
produced during incineration.  The incineration of solid waste in waste-to-energy 
plants decreases the need to burn coal and other fossil fuels, and therefore the life 
cycle environmental burdens associated with the fossil fuels are partially offset.  
Incineration of PP results in a higher credit than incineration of paperboard because 
the feedstock energy of PP is higher than that of paperboard. 
 
The highest solid waste burdens belonged to the PLA coated paperboard PDS with 
43.3 kg followed by LDPE coated paperboard with 35.4 kg and PP with 32.5 kg.  
Since fewer paperboard cups are packaged in a box in Distribution 2, there is 
slightly more solid waste generated by coated paperboard than PP in this phase, as 
well. 
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Figure 5-31:  Life Cycle Solid Waste – Coated Paperboard PDS 
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5.2.3.3  Coated Paperboard Life Cycle Air Emissions 

When comparing air emissions, the LDPE coated unbleached paperboard PDS and 
the PLA coated unbleached paperboard PDS measured 2220g and 2350g, 
respectively.  PP (2486g) was shown to be the worst performer despite receiving a 
larger credit for air emissions offset by waste-to-energy incineration at End-of-Life.  
PP had higher air emissions in the Material Production and Manufacturing phases.  
The difference between the two paperboard PDSs was that PLA had greater 
emissions in the Material Production phase. 

Figure 5-32:  Life Cycle Air Emissions - Coated Paperboard PDS 
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A graph showing the relative life cycle quantities of criteria air pollutants for each 
PDS appears in Figure 5-33.  There were trade-offs among the different 
configurations and quantities of criteria air pollutants.  For example, PP had the 
lowest CO and Particulate Matter (PM) emissions of the three but the highest HC, 
NOx and SOx emissions.  The PLA coated paperboard had the highest PM 
emissions, which could be traced back to corn farming and the production of 
fertilizer. 

Figure 5-33:  Life Cycle Criteria Air Pollutants - Coated Paperboard PDS 
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5.2.3.4  Coated Paperboard Life Cycle Emissions to Water 
With respect to emissions to water, PP (1080g) out-performed the coated unbleached 
paperboard PDSs, which both resulted in 1560g of total emissions to water.  Much of 
the difference was due to the high emissions from the Material Production of paper.  
In general, the production of paper products is water intensive and has high 
emissions to water compared to plastics.  For this reason,  
 
In the Material Production phase, the paperboard PDS had approximately four 
times the emissions to water compared to that of the PP PDS.  In all other life cycle 
phases, the quantities of emissions to water were relatively close together. 
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Figure 5-34:  Life Cycle Emissions to Water - Coated Paperboard PDS 
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5.2.3.5  Coated Paperboard Life Cycle Water Use 
The outcomes for total PDS water use followed the same pattern as PDS emissions 
to water.  As Figure 5-35 shows, the current PP PDS again was the best performer 
by far in terms of life cycle water use.  The PP PDS consumed 866 liters of water 
while LDPE coated paperboard and PLA coated paperboard consumed 1840 liters 
and 1800 liters, respectively.  Like emissions to water, Material Production of 
paperboard was responsible for a significant portion of life cycle water use. 

Figure 5-35:  Life Cycle Water Use - Coated Paperboard PDS 
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5.2.3.6.  Coated Paperboard Characterized Impact Categories 
As shown in Figure 5-36, PP containers had lower Global Warming Potential than 
either coated paperboard container.  Although PP consumes more energy, much of it 
is embodied in the material rather than burned as fuel.  In paper, more of the 
energy is fuel energy and hence, the greater GWP.  The total GWP is 149 
equivalent kg of CO2 for PP and 152 equivalent kg of CO2 for both LDPE coated and 
PLA coated containers.  (This assumes that the trees for the paperboard are grown 
on a plantation with credit given to the carbon sequestered as new trees are grown.) 

Figure 5-36:  Life Cycle GWP - Coated Paperboard PDS 
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While research and policy-making is ongoing, there is no recognized approach to 
account for changes in carbon stocks and flows.  Further, the LCA methodology has 
not arrived at a consensus on how to account for the carbon cycle for forestry 
products such as paperboard.  There are a number of approaches for quantification 
of the carbon cycle in LCA, each of which arrives at a different conclusion depending 
on the treatment of CO2 uptake, decay, and reforestation.  In “Handling of the 
Carbon Balance of Forests in LCA,” Stefan De Feyter concludes that, “The current 
methodology of LCA…is not able to deal with the evaluation of the sink effects of 
carbon in timber products. ... This is because LCA is a static model (no time 
aspects).”71   While carbon cycles and carbon sequestration are important topics for 
global warming, the LCA results in this study do not attempt to quantify the 
impacts of forest products used in the PDS beyond the data in the relevant modules. 
 
The two life cycle phases responsible for most of the Ozone Depletion Potential 
(ODP) are Material Production and Distribution 3.  The majority of ozone depleting 
substances associated with the PDS is released during the production of paper 
products.  This close relationship between ODP and paper production is evident in 
Figure 5-37 below.  ODP for both coated paperboard PDSs is nearly 10 times that of 
PP, and the total life cycle ODP for paperboard cups is more than double that of the 
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PP.  The OPD for PP was 3.88 equivalent mg of CFC-11, 8.44 mg CFC-11 for LDPE 
coated paperboard and 8.54 mg CFC-11 for PLA coated paperboard. 

Figure 5-37:  Life Cycle ODP - Coated Paperboard PDS 
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Figure 5-38 shows the polluted air volumes for each container PDS.  The MAC was 
136 m³ for LDPE coated cups, 150 m³ for PLA coated cups, and 153 m³ for PP.  Of 
the three, PP had the highest SOx emissions, which partially accounts for it having 
the highest overall MAC value.  As expected, Distribution 3 for all three containers 
contributed the most to total MAC values. 

Figure 5-38:  Life Cycle MAC - Coated Paperboard PDS 
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5.3  Comparison by Container Size 

In this section, the results for each PDS are compared by container size.  Presenting 
the results in this way illustrates that the preferred choice of PDS material or 
manufacturing process may vary by container size.  The results for Life Cycle 
Energy, Renewable Energy and Solid Waste are included. 

5.3.1. Energy Consumption 
Of all the seven PDSs analyzed in this study, thermoformed PP and coated 
unbleached paperboard PDSs consumed lower amounts of energy than the other 
four alternatives.  The thermoformed PP PDS ranked in the top three in all four 
comparison sizes.  The coated paperboard PDS had the lowest life cycle energy in 
the 6 oz. and 8 oz. cup sizes.  In fact, the thermoformed and coated paperboard 
containers in the 6 oz. and 8 oz. sizes were very close in total life cycle energy, with 
only a 0-2.4% difference separating them.   
 
PLA containers outperformed all but the thermoformed PP PDS in the 4 oz. cup 
size.  The PLA/LLDPE PDS consumed less life cycle energy than the current PDS 
for all sizes.  HDPE consumed the most energy in all sizes.  The current PDS using 
injection molded PP cups outperformed the coated paperboard PDSs in the 4 oz. 
size. 
 
It is important to note that the observed differences in energy consumption are 
dependent on the accuracy of the material production data and unfortunately no 
uncertainty bounds are available for these data. 

Figure 5-39:  Life Cycle Energy - 4 oz. PDS 
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Figure 5-40:  Life Cycle Energy - 6 oz. PDS 
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Figure 5-41:  Life Cycle Energy - 8 oz. PDS 
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Figure 5-42:  Life Cycle Energy - 32 oz. PDS 
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5.3.2.  Renewable and Non-Renewable Energy 
As discussed earlier, paper products tend to use a higher percentage of renewable 
energy than petroleum products.  Consequently, the coated unbleached paperboard 
containers came out on top when comparing the composition of renewable and non-
renewable energy used throughout the PDS life cycle.  For coated paperboard 
containers, between 35-45% of total life cycle energy came from renewable 
resources.  By comparison, only 17-26% renewable energy went into PP and HDPE 
containers.  PLA fell somewhere in the middle with 27-34% renewable energy, 
depending on cup size. 
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Figure 5-43:  Life Cycle Renewable Energy - 4 oz. PDS 
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Figure 5-44:  Life Cycle Renewable Energy - 6 oz. PDS 
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Figure 5-45:  Life Cycle Renewable Energy - 8 oz. PDS 
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Figure 5-46:  Life Cycle Renewable Energy - 32 oz. PDS 
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5.3.3.  Solid Waste 
PP and HDPE had lower life cycle solid waste than either PLA or coated paperboard 
containers.  More specifically, thermoformed PP containers, which use the least 
amount of input material, had the least solid waste followed by injection molded PP 
and then the more material intensive HDPE.  It is not surprising that PP and 
HDPE had the best results given that petroleum-based plastics receive a larger solid 
waste credit at End-of-Life and that paperboard has higher scrap rates and requires 
more secondary packaging for an equivalent number of containers.  PLA had the 
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highest solid waste across all PDSs.  This was due to the large quantities of slag and 
ash produced during the generation of electricity used during the polymerization 
process. 

Figure 5-47:  Life Cycle Solid Waste - 4 oz. PDS 
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Figure 5-48:  Life Cycle Solid Waste - 6 oz. PDS 
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Figure 5-49:  Life Cycle Solid Waste - 8 oz. PDS 
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Figure 5-50:  Life Cycle Solid Waste - 32 oz. PDS 
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6.  SENSITIVITY ANALYSIS 
Various assumptions were made to complete the life cycle inventory calculations.  
This chapter of the report explores the significance of these assumptions by varying 
the assumed values and observing the calculation outputs.  These tests were 
performed to demonstrate the robustness of the calculation model. 
 
The sensitivity tests are broken into five categories: Product Delivery Distance, 
Primary Packaging Weights, Manufacturing, End-of-Life and Secondary Packaging 
Recycling.  The sections below describe the tests run and discuss the findings. 

6.1  Product Delivery Distance 
Noting the 30% annual growth of Stonyfield Farm, it is safe to assume the average 
product distribution distance is increasing.  The distribution 3 delivery distance, 552 
miles, was determined using distances to distributors/retailers and the quantities of 
yogurt delivered, both given by Stonyfield.  A sensitivity analysis was performed to 
determine the impact of increasing the delivery distance 10% and 25%.  The results 
of these tests appear in Table 6-1. 
 
The impact of increasing the distribution distance appeared to be significant, but 
reasonable considering the energy intensity involved with truck transportation and 
the weight of the packaged product.  From the results, the generalization can be 
made that for every increase of 50 miles in the average delivery distance, 
approximately 50 MJ of addition energy (1.5% of total life cycle energy) would be 
required per functional unit. 

Table 6-1:  Sensitivity Analysis - Product Delivery Distance 
Category/Environmental Flows Units Baseline Test 1 Test 2 
Variation     
Percent Change  0% +10% +25% 
Distance miles 552 607  690 
Distribution 3 Energy     
Product Transport MJ 501.2 546.8 615.2 
Primary Packaging Transport MJ 30.85 33.45 37.36 
Secondary Packaging Production MJ 675.7 675.5 675.5 
Secondary Packaging Transport MJ 38.64 42.29 47.77 
Distribution 3 Total MJ 1246 1298 1376 
Percent Change  N/A +4.1% +10.4% 
Life Cycle     
Energy MJ 3713 3764 3842 
Percent Change  N/A +1.4% +3.5% 

6.2  Primary Packaging Weights 
The weights of the containers were critical to the PDS calculation model constructed 
for this study.  The input weights affected the material production energy, 
transportation burdens, end-of-life solid waste and others.  Four different sensitivity 
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analyses were performed where more than one plausible value was available for 
container weights.  The first analysis looks at the specified weights of the current 
cups and lids versus weighed samples.  The study results of this report were based 
on packaging weight specifications.  The second case analyzes the effect of 
increasing and decreasing the wall thickness of HDPE cups to account for material 
properties.  The third analysis tests the weight assumed for 4 oz. thermoformed 
cups.  The last test compared the specified weights of the 2 oz. tubes with the actual 
weights measured by Stonyfield. 

6.2.1  Weights of Current Cups and Lids 

During the research phase of this study, Stonyfield Farm was asked to weigh 10 of 
each plastic component supplied by Polytainers.  The average weights and standard 
deviations appear in the top section of Table 6-2.  The sensitivity test compared the 
specified weights, which were used for the primary calculations, to the average 
weighed weight as well as plus and minus one standard deviation.  The lower 
section of Table 6-2 shows the results for key environmental metrics based on 
analysis of the composite PDSs.  In every category, burdens for the weighed 
containers were slightly (0.1% to 1.5%) higher than the burdens for the specified 
containers. 
Table 6-2:  Sensitivity Analysis - Weights of Current Cups and Lids 

Component/Category units Baseline Test 1 Test 2 Test 3 
Variation (Scenario)  Specification Weighed -Std. Dev. +Std. Dev. 
4 oz. Cup g 4.90 5.01  4.95 5.07 
6 oz. Cup g 7.80 7.66 7.44 7.88 
6 & 8 oz. Lid g 3.90 4.16 4.04  4.28 
8 oz. Cup g 9.10 9.06 8.57 9.55 
32 oz. Cup g 29.00 28.79 28.55 29.03 
32 oz. Lid g 8.10 7.86 7.63 8.09 
Life Cycle      
Material Inputs kg 56.39 56.54 55.95 57.13 
Percent Change  N/A +0.3% -0.8% +1.3% 
Energy MJ 3712 3728 3674 3782 
Percent Change  N/A +0.4% -1.0% +1.9% 
Solid Waste kg 29.56 29.68 29.23 30.13 
Percent Change  N/A +0.4% -1.1% +1.9% 
Air Emissions g 2267 2273 2244 2301 
Percent Change  N/A +0.3% -1.0% +1.5% 
Emissions to Water g 1011 1012 1009 1015 
Percent Change  N/A +0.1% -0.2% +0.3% 
Water Use liter 801.0 802.3 798.0 806.7 
Percent Change  N/A +0.2% -0.4% +0.7% 
GWP kg CO2 136.0 136.2 134.6 137.9 
Percent Change  N/A +0.2% -1.0% +1.4% 
MAC (polluted air) m³ 140.7 141.0 139.5 142.4 
Percent Change  N/A +0.2% -0.9% +1.2% 
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6.2.2  Wall Thickness of HDPE Cups 
Interviews with Polytainers personnel revealed that HDPE cups typically require 
thicker walls than PP cups due to the material’s viscosity and other properties.  In 
the Results and Interpretation section, it was assumed that the wall thickness of 
the HDPE cups was 105% of the PP cups.  This sensitivity analysis compared this 
assumption to two other plausible values (100% and 110%).  The cup weights used 
for each test and the results from the calculation model appear in Table 6-3.  Nearly 
all environmental metrics considered experienced a significant impact from 
increasing the weight of the cups.  The most notable was the energy, which rose 
1.9% with a 5% increase in weight.  The composite HDPE injection molded PDS was 
used for this analysis.  Data for the composite PP injection molded PDS were 
included in Table 6-3 to be used as a benchmark. 

Table 6-3:  Sensitivity Analysis - Wall Thickness of HDPE Cups 
Component/Category units Baseline Test 1 Test 2 PP IM PDS 
Variation    Comparison 
Vol% of PP Cups  105% 100% 110% N/A 
4 oz. Cup g 5.442  5.183  5.701 4.900 
6 oz. Cup g 8.664 8.251 9.076 7.800 
8 oz. Cup g 10.107 9.626 10.589 9.100 
32 oz. Cup g 32.210 30.676 33.744 29.000 
Environmental Flows      
Material Inputs kg 58.20 57.33 59.02 56.39 
Percent Change  N/A -1.5% +1.4% -3.1% 
Energy MJ 3878 3800 3950 3712 
Percent Change  N/A -2.0% +1.9% -4.3% 
Solid Waste kg 30.98 30.32 31.61 29.56 
Percent Change  N/A -2.1% +2.0% -4.6% 
Air Emissions g 2415 2368 2459 2267 
Percent Change  N/A -1.9% +1.8% -6.1% 
Emissions to Water g 1022 1018 1026 1011 
Percent Change  N/A -0.4% +0.4% -1.0% 
Water Use liter 929.3 917.6 940.3 801.0 
Percent Change  N/A -1.3% +1.2% -13.8% 
GWP kg CO2 143.9 141.1 146.5 136.0 
Percent Change  N/A -1.9% +1.8% -5.5% 
MAC (polluted air) M³ 139.4 137.4 141.4 140.7 
Percent Change  N/A -1.5% +1.4% +0.9% 
 

6.2.3  Weight of 4 oz. Thermoformed Cups 
This sensitivity test dealt with conflicting data received for the expected weight of 
4 oz. thermoformed cups.  Polytainers provided reliable figures for the weights of 
other size thermoformed containers, but had no data for 4 oz.  For the primary 
calculation, it was assumed the thermoformed cup was 13% less massive than its 
injection molded counterpart, by using the smallest percentage weight saving from 
the other sized containers.  The sensitivity analysis compares the results if the 
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weight savings were only 6.5% and if the weight was identical to the injection 
molded cup.  The weights of the 4 oz. cup used in each test as well as the results are 
in Table 6-4.  Also included in Table 6-4 are the results for the injection molded 4 oz. 
cup for comparison.  If the weights were identical, thermoforming would be slightly 
less energy intensive and have slightly lower environmental burdens. 

Table 6-4:  Sensitivity Analysis - Weight of 4 oz. Thermoformed Cups 
Component/Category Units Baseline Test 1 Test 2 PP IM 4 oz. 
Variation     Comparison
Wt. Change from IM Cup  -13% -6.5% +0% N/A 
4 oz. Cup g 4.26 4.58  4.90 4.90 
Life Cycle      
Material Inputs kg 67.96 69.29 70.62 70.62 
Percent Change  N/A +2.0% +3.9% +3.9% 
Energy MJ 3764 3877 3991 4076 
Percent Change  N/A +3.0% +6.0% +8.3% 
Solid Waste kg 35.75 36.75 37.75 38.02 
Percent Change  N/A +2.8% +5.6% +6.4% 
Air Emissions g 2378 2443 2508 2552 
Percent Change  N/A +2.7% +5.5% +7.3% 
Emissions to Water g 1171 1177 1183 1193 
Percent Change  N/A +0.5% +1.0% +1.9% 
Water Use liter 919.6 926.2 932.7 983.4 
Percent Change  N/A +0.7% +1.4% +6.9% 
GWP kg CO2 149.9 153.8 157.6 161.1 
Percent Change  N/A +2.6% +5.2% +7.5% 
MAC (polluted air) m³ 146.4 149.9 153.4 156.8 
Percent Change  N/A +2.4% +4.8% +7.1% 
 

6.6.4  Weights of 2 oz. Tubes and Tape 
This test of the model compares the specification weights of the primary packaging 
(tubes and tape) to the weighed weights provided by Stonyfield Farm.  When the 
weights were adjusted other values also needed to change to accurately include the 
data collected for the 2 oz. PDS.  Those variables are the number of tubes and tape 
segments per roll and the engineered scrap rate for the tube material.  The carton 
weight was not included in this analysis because the weighed weight was value used 
for the baseline calculations. 
 
The adjusted variables appear in the top section of Table 6-5 and the results are 
shown in the lower sections.  From the results it appears that increasing the weight 
of the tubes and decreasing the weight of the tape cancel each other out.  At most 
the calculation model results varied by 0.5% from the baseline. 
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Table 6-5:  Sensitivity Analysis - Weights of 2 oz. Tubes and Tape 
Component Units Baseline Test 
Variation (Scenario)   Weighed 
Tube Weight g 1.18 1.25 
Tubes per Roll  38,744 36,792 
Tube Engineered Scrap Rate  4.2% 3.0% 
Tape Weight g 0.178 0.147 
Tape Segments per roll  12010 14,551 
Life Cycle    
Material Inputs kg 81.55 81.64 
Percent Change  N/A 0.1% 
Energy MJ 3800 3810 
Percent Change  N/A 0.3% 
Solid Waste kg 47.00 47.06 
Percent Change  N/A 0.1% 
Air Emissions g 2540 2547 
Percent Change  N/A 0.3% 
Emissions to Water g 1336 1335 
Percent Change  N/A -0.1% 
Water Use liter 1146.7 1143.3 
Percent Change  N/A -0.3% 
GWP kg CO2 155.5 155.7 
Percent Change  N/A 0.1% 
MAC (polluted air) m³ 149.9 150.3 
Percent Change  N/A 0.3% 

6.3  Manufacturing Energy 

6.3.1  Thermoforming Electrical Consumption 
Electricity consumption for the thermoforming manufacturing process was 
estimated using secondary data energy demand for polystyrene thermoforming and 
assuming the same natural gas consumption as injection molding.  The natural gas 
consumption rate was considered reliable because natural gas is used for heating.  
Thermoforming was modeled to occur in Polytainers injection molding facility in 
Toronto.  There was less confidence in the electricity consumption, which accounts 
for the balance of energy used in manufacturing.  Therefore, a sensitivity analysis 
was performed to evaluate the effect of increasing the thermoforming electricity 
consumption.  The results from the baseline calculations that assumed 5.85 MJ per 
kg of output (22.9% less than injection molding) are compared to 6.83 MJ/kg (10% 
less than IM) and 7.59 MJ/kg (equal to IM).  The results of the sensitivity analysis 
appear in Table 6-6.  Also included in the table is a column for the composite 
injection molded PDS to be used in comparison. 
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Table 6-6:  Sensitivity Analysis - Thermoforming Electrical Consumption  
Component/Category units Baseline Test 1 Test 2 PP IM 
Variation     Comparison
Percent of IM Electricity  -22.9% -10.0% 0% N/A 
Mfg. Electrical Consumption MJ/kg 5.85 6.83 7.59 7.59 
Manufacturing      
Energy MJ 336.8 364.4 385.8 463.8 
Percent Change  N/A +8.2% +14.5% +37.7% 
Life Cycle      
Energy MJ 3290 3317 3339 3713 
Percent Change  N/A +0.8% +1.5% +12.9% 

6.4  End-of-Life 

6.4.1  MSW Incineration Rates 
Assumptions in the End-of-Life phase were made for the fraction of municipal solid 
waste incinerated and for the recycling of plastic container components.  The 
incineration rate assumed for the calculation model, 23.5% of the MSW waste 
stream, was the U.S. average.  However, this incineration rate may be low for this 
study due to the majority of incineration capacity being located in the Northeast 
where Stonyfield Farm sells the bulk of its products.  So, a sensitivity analysis was 
done to compare 30% and 40% incineration rates to the U.S. average rate.  The 
results that appear in Table 6-7 show a small decrease in life cycle energy and a 
substantial decrease in solid waste.  The decline in energy has been attributed to 
the generation of electricity from the increased quantity of plastic available for 
incineration.  Energy recovery from incineration was also responsible for the solid 
waste numbers.  According to the DEAM modules used to calculate the 
environmental burdens of incineration, each kilogram of plastic offset the 2.74 kg of 
waste associated with the other forms of power generation.   

Table 6-7:  Sensitivity Analysis - MSW Incineration Rates  
Component/Category units Baseline Test 1 Test 2 
Variation     
Incineration Rate  23.5% 30% 40% 
End-of-life     
Energy MJ -157.2 -198.1 -260.9 
Percent Change  0.0% 26.1% 66.0% 
Solid Waste kg 19.1 17.1 14.2 
Percent Change  0.0% -10.1% -25.6% 
Life Cycle     
Energy MJ 3713 3672 3609 
Percent Change  0.0% -1.1% -2.8% 
Solid Waste kg 29.56 27.64 24.68 
Percent Change  0.0% -6.5% -16.5% 
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6.4.2  Primary Packaging Recycling Rates 
The second sensitivity analysis for End-of-Life is for the recycling rate of PP and 
LLDPE packaging components.  For the model, a rate of zero percent was assumed 
because programs to recycle wide-mouth PP containers do not exist in most 
communities.  In the sensitivity analysis, zero percent recycling was compared to 
two rates given by the EPA for other packaging (5.9%) and other containers (16.4%).  
Table 6-8 contains the results of the recycling rate sensitivity analysis.  As expected, 
increasing the recycling rate decreased the solid waste burden, but increased the life 
cycle energy by removing material from the incineration stream. 

Table 6-8:  Sensitivity Analysis - Primary Packaging Recycling Rates 
Component/Category units Baseline Test 1 Test 2 
Variation (Scenario)   Other Packaging  Other Containers
Recycle Rate  0% 5.9% 16.4% 
End-of-life     
Energy MJ -157.2 -151.0 -140.1 
Percent Change  0.0% -3.9% -10.9% 
Solid Waste kg 19.1 18.4 17.3 
Percent Change  0.0% -3.4% -9.5% 
Recycled Material kg 0.9 1.8 3.5 
Percent Change  0.0% +102.2% +284.1% 
Life Cycle     
Energy MJ 3713 3719 3730 
Percent Change  0.0% +0.2% +0.5% 
Solid Waste kg 29.56 28.91 27.76 
Percent Change  0.0% -2.2% -6.1% 
Recycled Material kg 26.7 27.6 29.3 
Percent Change  0.0% +3.5% +9.7% 

6.5  Secondary Packaging Recycling Rates 
The last sensitivity analysis assumed recycling rates of secondary packaging at the 
grocery distributors and retailers.  The three varieties of packaging used in 
Distribution 3 are corrugated cardboard, stretch wrap and pallets.  The recycling 
rates assumed for each type of packaging appear in the baseline column of Table 6-
9.  The first test, labeled “High”, assumed changes in the technical and business 
environment would translate to 100% recycling rates for corrugated and 15% 
recycling rate for stretch wrap.  The “Low” scenario took the perspective that grocers 
had little incentive to recycle and that rates would fall below the current averages. 
 
The results, in the lower sections of Table 6-9, show that solid waste generation and 
recycling quantities during the product distribution phase were very sensitive to 
variation in the secondary packaging recycling rates.  Also, shown is the significance 
of Distribution 3 solid waste and recycling quantities in relation to the entire life 
cycle. 
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Table 6-9:  Sensitivity Analysis - Secondary Packaging Recycling Rates 
Component units Baseline Test 1 Test 2 
Variation (Scenario)   High Low 
Corrugated  95.0% 100% 85% 
Stretch Wrap  7.3% 15% 5% 
Pallets  71.0% 80% 60% 
Distribution 3 Solid Waste      
Product Transport kg 1.88 1.88 1.88 
Primary Packaging Transport kg 0.12 0.12 0.12 
Secondary Packaging Production kg 3.35 2.28 5.40 
Secondary Packaging Transport kg 0.14 0.14 0.14 
Distribution 3 Solid Waste kg 5.49 4.42 7.54 
Percent Change  0.0% -19.5% +37.3% 
Recycled Material kg 20.9 22.0 18.9 
Percent Change  0.0% 5.1% -9.8% 
Life Cycle     
Solid Waste kg 29.56 28.49 31.61 
Percent Change  0.0% -3.6% +6.9% 
Recycled Material kg 26.7 27.8 24.7 
Percent Change  0.0% 4.0% -7.7% 



125 
 
Center for Sustainable Systems University of Michigan 05/07/01  

7.  RECOMMENDATIONS 

7.1  Introduction 

As was shown in the Results and Interpretation section, the energy intensity of a 
PDS is directly correlated to the size of the containers, the mass of the materials 
used, the manufacturing processes and the material composition.  It was also shown 
that the burdens associated with the transport of yogurt and the material 
production of the secondary packaging were very significant.  Recommendations for 
reducing environmental burdens will focus on container size, manufacturing 
processes, material composition, as well as distribution and light-weighting of both 
the primary and secondary packaging materials. 
 
This section will discuss recommendations broken into the following categories: 

q Container size and configuration recommendations. 
q Life cycle phase recommendations. 
q Recommendations based on the comparison between injection molding and 

thermoforming manufacturing processes. 
q Recommendations based on the comparison between the use of PP and 

alternative cup materials. 

7.2  Container Size Recommendations 
Smaller containers are attractive to consumers because they offer convenience, they 
come in a variety of flavors and their single serving size contributes to the 
preservation of freshness.  However, it is important for both Stonyfield and yogurt 
consumers to be aware of the impact that container size has on the environmental 
burdens of the PDS.  Given similar material composition, larger containers have 
significantly lower environmental burdens in every phase of the life cycle due to the 
lower quantity of both primary and secondary packaging required per functional 
unit.  The use of 32 oz. containers results in a decrease in life cycle energy by up to 
38% over other container sizes per functional unit.  If Stonyfield Farm was able to 
switch all yogurt products to the 32 oz. container size, an annual energy savings 
equivalent to 11,250 barrels of oil could be achieved. 
 
Although other business considerations exist, the results of this study could be used 
to educate consumers that the choice of container size has a greater impact on 
environmental burdens than either the choice of cup material or the cup 
manufacturing process.  This is illustrated in Figure 7-1 where the total life cycle 
energy of the current and alternative 8 oz. PDSs were compared with the total life 
cycle energy of the current 32 oz. PDS.  Analysis of the life cycle solid waste burdens 
also revealed significant (29%) savings can be realized when yogurt is sold in 32 oz. 
containers compared to the more popular 8 oz. containers. 
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Figure 7-1:  Life Cycle Energy Comparison - 8 oz. and 32 oz. 
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The plastic film tube and paperboard carton configuration of the 2 oz. YoSqueeze 
packaging is the possible exception to this larger-container-is-better 
recommendation.  The life cycle energy consumption for the 2 oz. (3753 MJ) is less 
than the other container sizes with the exception of the 32 oz. (2882 MJ).  One of the 
downsides of the 2 oz. PDS is that the solid waste (59.3 kg) was substantially more 
than any of the other container sizes.  The solid waste was primarily attributed to 
the production, manufacturing and end-of-life disposal of the paperboard carton.  A 
recommendation for lowering the solid waste burdens would be to redesign the 
YoSqueeze carton to reduce the weight of the paperboard per functional unit.  This 
can be achieved by increasing the number of YoSqueeze tubes per carton or by 
increasing the quantity of yogurt per tube.  The following table shows the reductions 
in environmental burdens that would be achieved if 1) the existing carton were 
packed with ten (10) 2 oz. YoSqueeze tubes and 2) the existing carton were packed 
with eight (8) 2.25 oz. YoSqueeze tubes.  This comparison does not account for 
changes to the mass of the carton or tubes/seals that would undoubtedly be 
required. 
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Table 7-1: 2  oz. PDS Alternative Configurations 
Component/Category units Current PDS 10 per Carton 2.25 oz. Tubes 
Variation    
Tubes per Carton  8 10 8 
Tube Size oz. 2.00 2.00 2.25 
Environmental Flows     
Material Inputs kg 81.55 71.90 72.49 
Percent Change  0.0% -11.8% -11.1% 
Energy MJ 3800 3484 3433 
Percent Change  0.0% -8.3% -9.6% 
Solid Waste kg 47.00 40.46 41.99 
Percent Change  0.0% -13.9% -10.7% 
Air Emissions g 2540 2360 2329 
Percent Change  0.0% -7.1% -8.3% 
Emissions to Water g 1336 1245 1233 
Percent Change  0.0% -6.8% -7.8% 
Water Use liter 1147 1040 1046 
Percent Change  0.0% -9.3% -8.7% 
GWP kg CO2 155.5 140.9 142.3 
Percent Change  0.0% -9.4% -8.5% 
MAC (polluted air) m³ 149.9 141.6 139.3 
Percent Change  0.0% -5.5% -7.1% 

7.3  Life Cycle Phase Recommendations 
A scoring system was created for the purpose of prioritizing environmental burden 
reduction efforts for the seven life cycle phases of the current PDS.  Each phase and 
segment was evaluated based on the percentage of total life cycle burdens associated 
with the phase.  Five environmental burden categories were considered: Energy, 
Solid Waste, Air Emissions, Emissions to Water and Water Use.  If the 
environmental burden exceeded 5% but was less than 25% of the total for each 
burden category, the phase was given one check mark.  If the environmental burden 
was 25% or more, the phase was given two check marks.  A score was then 
calculated by totaling the number of check marks per phase.  The highest possible 
score was 10, representing the largest environmental burdens.  Table 7-2 shows the 
results of this analysis.  The sections following the table contain recommendations 
targeted after the phases with the highest environmental burdens.  They are 
presented in order of significance. 



128 
 
Center for Sustainable Systems University of Michigan 05/07/01  

Table 7-2:  Life Cycle Phase Scorecard for Current Composite PDS 
Life Cycle 
Phases 

 
Energy 

Solid 
Waste 

Air 
Emissions 

Emissions 
to Water 

Water 
Use 

Score 
(Out of 10) 

Material Production üü ü üü ü ü 7 

Distribution 1      0 
Material 

Transport      0 
Prim. Pkg. 
Transport      0 

Manufacturing ü ü ü  ü 4 

Distribution 2    ü ü 2 

Prim. Pkg. 
Transport      0 
Sec. Pkg. 

Production      0 
Sec. Pkg. 

Transport      0 

Filling      0 

Distribution 3 üü ü üü üü üü 9 

Product Transport 
ü ü üü üü  6 

Prim. Pkg. 
Transport      0 
Sec. Pkg. 

Production ü ü ü üü  5 
Sec. Pkg. 

Transport      0 

End-of-life  üü ü   3 

 
Key: 
ü = Environmental burden is greater than or equal to 5% and less than 25% of 
total. 
üü = Environmental burden is greater than or equal to 25% of total. 
 

7.3.1  Distribution 3 
The scoring methodology shown in Table 7-2 identifies Distribution 3 as the phase 
with the highest environmental burdens.  This phase accounts for 34% of the life 
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cycle energy, 25% of the solid waste, 41% of the air emissions and 80% of the 
emissions to water.  The energy consumed to produce the secondary packaging 
materials (19%) and the energy consumed to transport the yogurt (14%) exceed the 
energy required to manufacture the primary packaging (13%).  For these reasons, it 
is recommended that the production of secondary packaging and transport of the 
yogurt be the foci of further study. 

7.3.1.1  Production of Distribution 3 Secondary Packaging 
Most of the burdens for the production of the secondary packaging were associated 
with the production of the corrugated boxes used to ship the yogurt.  In fact, 
corrugated accounts for 43% of the life cycle mass of the PDS and 24.2 kg of 
corrugated are used for each functional unit (1000 lbs.) of yogurt delivered to 
market.   
 
Although corrugated represents nearly one-half of the mass used in the PDS, it is 
necessary to understand the relationship between the primary and secondary 
packaging prior to attempting to reduce the quantity used.  The primary and 
secondary packaging must be viewed as a system since combined, they provide the 
structural integrity required when stacking cases of yogurt for distribution.  This 
system of cups and corrugated boxes is designed to carry a specific top load.  If the 
corrugated box top load rating is reduced due to light-weighting, the load must be 
transferred to the cups.  This transfer of load to the cups would require the cups to 
be more rigid and therefore potentially add weight to the cups.  The shift in mass 
from corrugated to plastic could result in a more energy intensive PDS since the 
material production and manufacturing of plastic cups is more than twice as energy 
intensive as the material production and manufacturing of corrugated boxes. 
 
On the other hand, efforts to reduce the weight of the primary packaging may result 
in poorer top load performance and therefore require the use of heavier corrugated 
boxes to support the additional top load.  The relationships between mass, 
structural integrity and environmental burdens of both the primary and secondary 
packaging must be understood before the PDS can be optimized. 
 
Efforts to reduce the secondary packaging used in Distribution 3 should include a 
study evaluating the life cycle environmental impacts of the entire PDS.  With this 
in mind, additional research is required in the following areas: 

q Optimization of the corrugated mass to primary packaging mass ratio with 
respect to environmental burdens, cost and performance. 

q Changes to the material composition and shape configuration of both the 
primary and secondary packaging to achieve an optimized system with respect to 
environmental burdens. 

q Use of reusable shipping containers to reduce top loading performance 
requirements of both primary and secondary packaging. 
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7.3.1.2  Product Transport 
The transportation of yogurt from Stonyfield Farm to their distributors and 
retailers accounts for 14% of the life cycle energy and a disproportionate 29% of air 
emissions.  These figures exclude the burdens associated with transporting the 
primary or secondary packaging.  This study limited the scope to include only the 
burdens of transporting to the first destination.  In most cases, the yogurt will be 
transported additional distances from the distributors’ warehouses to the retail 
stores and then from the retail stores to the consumer homes. 
 
Transportation distances, mode of transport and transport efficiencies are the major 
factors affecting the environmental burdens.  Stonyfield Farm currently distributes 
all refrigerated products from its New Hampshire facility. The transportation mode 
is refrigerated diesel trucks and the average distance is 552 miles.72 
 
This study has identified the following areas for further research: 

q Reduction in average distance to the first destination with the strategic location 
of an additional facility or facilities. 

q Use of more energy efficient modes of transport such as rail and alternate fuel 
trucks. 

q Increases in efficiency of the current mode of transport through improvements in 
driver performance, aerodynamics, rolling resistance, drive train components 
and emissions control devices. 

7.3.2  Material Production 

The second most significant phase is Material Production, which accounts for 53% of 
the life cycle energy use, 39% of air emissions and 59% of water use.  The 
composition and mass of the primary packaging are the major factors affecting 
material production burdens. The source of fuel energy used in the material 
production phase also has a significant effect on environmental burdens. 
 
The primary packaging consists primarily of plastics, which are relatively energy 
intensive materials with high feedstock energy as well as high material production 
requirements. 
 
The use of a paperboard wrap in lieu of LLDPE lids for the 4 oz. PDS results in 
reduced energy intensity as well as lower air and emissions to water as compared to 
the 6 oz. PDS size.  This trend was also observed in the 2 oz. PDS where paperboard 
was the major component of the primary packaging.  While the use of paperboard 
does not necessarily reduce the mass of the PDS, it does reduce energy consumption 
since the energy used during material production and manufacturing is less than 
that of LLDPE and other plastics.  It should be noted that there is a trade-off 
because paperboard results in a greater amount solid waste and more emissions to 
water. 

q Substitution of unbleached paperboard or other renewable materials for plastic 
material results in reductions in certain environmental burdens.  Selection of a 
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primary packaging material based on environmental performance would depend 
on the weighting assigned to the environmental data and impact categories. 

q Materials derived from renewable resources may offer opportunities to reduce 
the amount of non-renewable inputs to the PDS.  Polymers derived from corn 
and soybeans may be environmentally preferable substitutes for the 
conventional petroleum-based plastics used in the containers, seals and films, 
depending on the weighting assigned to the environmental data and impact 
categories.  

q The environmental burdens associated with material production can be 
significantly reduced by choosing materials that are produced using clean and/or 
renewable fuel energy sources. 

7.3.3  Manufacturing 
Manufacturing accounts for 31% of the life cycle solid waste and 13% of the energy 
consumed.  Environmental burdens of manufacturing are directly correlated to the 
mass of the products produced and therefore any reductions in the mass of the 
primary packaging would result in proportionate reductions in manufacturing 
burdens.  Reduction in environmental burdens at the Manufacturing phase could be 
achieved in the following ways: 

q Improve the accuracy and repeatability of the molding processes to achieve more 
consistent part weights. 

q Improve efficiency of the manufacturing processes by upgrading to newer 
technologies. 

7.3.4  Yogurt Consumption 
When yogurt is kept in an energy efficient household refrigerator for six days, the 
energy consumed by refrigeration is approximately 10% of the total energy 
consumption of all other life cycle phases.  When an older, less energy efficient 
refrigerator is used for the same task, it consumes closer to 15% of the total life cycle 
energy over the same time period.  When heating water for dishwashing bowls and 
spoons is taken into account, the percentage of energy required during the Yogurt 
Consumption phase rises to 17% or more of the energy consumption of all other life 
cycle phases.  Water consumption for dishwashing is also the single largest 
contributor to life cycle water use (although water used at Stonyfield Farm during 
Filling was not considered).  Due to these findings, consideration should be given to 
the following recommendations:  

q Educating yogurt consumers regarding the impacts of refrigeration of yogurt 
containers and the washing of utensils on the environment and the importance 
of energy efficient appliances in the home.  Additionally, the message for the 
public could contain economic information about the cost savings associated with 
lower energy consumption.  

q Researching and developing products that do not require refrigeration or as 
much washing.  In many countries, milk is sold in aseptic packaging that does 
not require refrigeration.  It is possible that packaging could be designed for 
yogurt that would also eliminate the need for refrigeration.   
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7.3.5  End-of-Life 
Although consumers indicate that they are concerned with the solid waste 
generated at the End-of-Life phase, the results of this study indicate that reducing 
the environmental burdens at the End-of-Life phase should not receive top priority 
in efforts to reduce total life cycle burdens.  The End-of-Life phase accounts for 28% 
of the life cycle solid waste and 5% of life cycle air emissions.  Environmental 
burdens in the other three categories are negligible. 
 
Solid waste can be reduced through the reduction of mass of the primary packaging, 
increasing the recycling rate or increasing the incineration rate.  Reduction of the 
mass of the primary packaging would have the most significant life cycle effects 
since this would also reduce environmental burdens in the other phases as well. 
 
Areas for further research include: 

q Comparing the value of energy generated from the incineration of waste primary 
materials with the potential value of recycled material. 

q Comparing the environmental burdens associated with energy generated from 
the incineration of waste materials with the burdens associated with the 
processing of the materials for recycling. 

q Evaluating the effect that pigments and inks have on the recycled primary 
packaging materials. 

q Solid waste burden at the end-of-life phase could be minimized with a 
compostable primary packaging material.  Therefore, as municipal composting 
facilities are established, biodegradable materials should be investigated to 
replace the petroleum-based plastics currently used. 

7.3.6  Other Phases 

The remaining phases and segments have little opportunity for reducing the 
environmental impact of the PDS since they represent a small percentage of the 
overall burdens.  The phases and segments with negligible environmental burdens 
include: 

q Distribution 1 transport of materials and secondary packaging to manufacturing. 
q Distribution 2 transport of primary and secondary packaging to Stonyfield Farm. 
q Distribution 3 transport of primary and secondary packaging to distributors and 

retailers. 
q Filling of the containers.  (Much of the yogurt filling process was outside of the 

boundaries of this study.) 

7.4  Material Composition: 

7.4.1  HDPE vs. PP 
This study concludes that in comparing the environmental burdens of a PDS 
utilizing HDPE cups to the current PDS, which uses PP cups, the PP PDS results in 
lower environmental burdens.  Using the assumption that the HDPE cup would 
have 105% of the wall thickness of the existing PP cup, a composite HDPE PDS 
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would be 5% more energy intensive than the current system.  Nearly all other 
environmental burdens are also higher for the HDPE PDS. 
 
Currently, neither HDPE nor PP wide mouth containers are widely recycled.  
However, even if HDPE cups were recycled by consumers at a rate of 31.3%, the 
current rate of blow molded HDPE milk bottles,73 an HDPE PDS would produce 
8.2% less life cycle solid waste than a non-recyclable PP PDS.  This reduction in 
solid waste would come at the cost of increasing energy consumption by 5.4% due 
partly to the reduction of material sent for incineration.  See Table 7-3 for energy, 
solid waste and recycled material comparison of the PDSs discussed in this 
paragraph. 

Table 7-3:  HDPE Recycling Scenarios 
Component/Category units Current PDS HDPE IM PDS HDPE IM PDS 
Variation     
Recycle Rate  0% 0% 31.3% 
End-of-life     
Energy MJ -157.15 -168.68 -132.48 
Percent Change  N/A +7.3% -15.7% 
Solid Waste kg 19.07 20.29 16.46 
Percent Change  N/A +6.4% -13.7% 
Recycled Material g 0.91 0.91 6.40 
Percent Change  N/A 0.0% +602.3% 
Life Cycle     
Energy MJ 3713 3878 3914 
Percent Change  N/A +4.4% +5.4% 
Solid Waste kg 29.56 30.98 27.15 
Percent Change  N/A +4.8% -8.2% 
Recycled Material kg 26.7 26.8 32.3 
Percent Change  N/A +0.2% +20.8% 
 
The pricing for PP and HDPE resin was considered to be proprietary.  However, 
since the density of HDPE is 5.8% higher than PP it is expected that prices per 
functional unit are comparable or that PP has the advantage.  HDPE does have 
some performance advantages, such as better low-temperature characteristics, 
however, the benefit of these characteristics in yogurt containers is questionable. 

7.4.2  Alternative Materials 
In addition to HDPE, this study included life cycle assessments of PDSs utilizing 
coated unbleached paperboard and PLA cups.  The coated paperboard PDS was 
modeled using both LDPE and PLA coatings.  The PLA PDS was modeled using 
both LLDPE and PLA lids.  In several data categories, these alternative materials 
performed better than the injection molded PP PDS.  This was particularly 
noticeable in the energy use figures where the coated paperboard PDSs 
outperformed all other materials (6 and 8 oz. sizes).  The PLA/LLDPE PDS also had 
lower life cycle energy use than the current PDS although it did have higher life 
cycle energy than the thermoformed PP PDS.  The PLA and paperboard PDSs 
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consumed less non-renewable energy than any of the petroleum-based PDSs.  
However, since the non-renewable energy consumed in the PLA and paperboard 
PDSs was almost entirely fuel energy, many of the energy related emissions were 
higher than the current PDS. 
 
Paperboard is clearly a winner with respect to energy usage, benefiting from both 
low cup weight and the low energy intensity of paperboard.  Even if the 8 oz. 
paperboard cup were to weigh as much as the current PP cup, the life cycle energy 
of the paperboard PDS would still be 4.6% less than that of the current PDS.  In 
addition, 36% of the energy was from renewable resources while only 18% of the 
energy consumed in the current PDS was from renewable resources.  Evaluation of 
PLA is more difficult.  While PLA had a higher renewable energy percentage than 
the PP PDSs, it also had higher total energy usage than the thermoformed PP PDS. 
 
The total quantity of air emissions is often thought to be correlated to the total 
energy consumption.  Also, GWP is generally thought to be lower for higher ratios of 
renewable to non-renewable energy.  With this in mind, the values for total air 
emissions and GWP for paperboard and PLA were somewhat surprising.  The PLA 
PDS air emissions were substantially higher than the PP PDS in almost every 
category.  The paperboard PDS also had higher GWP and ODP values.  This was 
due in part to the fact that for PLA and paperboard, nearly all of the non-renewable 
energy was consumed as fuel.  A significant portion of the non-renewable energy 
consumed in the PP PDS was feedstock energy. 
 
While energy use was closely correlated to the mass of the packaging, solid waste 
was not.  PLA had significantly higher solid waste despite having low cup weights.  
High levels of solid waste generated during Material Production account for this 
difference.  Approximately 25% of the life cycle solid waste was slag and ash 
attributed to electricity use in the polymerization process.  Since PLA is not 
currently being produced commercially, the accuracy of the LCA data with respect 
to burdens such as solid waste and water usage is a concern.  It is recommended 
that the results in this report be considered preliminary and that the evaluation of 
PLA be repeated when Cargill Dow releases LCA data on PLA produced at the 
Blair, Nebraska facility. 
 
Since PLA is not currently being produced commercially, the accuracy of the LCA 
data with respect to the energy sources and burdens such as solid waste and water 
usage is a concern.  It was assumed that the majority of energy used during PLA 
production was electricity from the U.S. grid.  Due to the significant amount of fuel 
energy required to produce PLA (52.5 MJ/kg), the source of energy will greatly affect 
the actual environmental impacts of PLA production.  It is recommended that the 
results in this report be considered preliminary and that the evaluation of PLA be 
repeated when Cargill Dow releases LCA data on PLA produced at the Blair, 
Nebraska facility.  CDP has the opportunity to reduce the material production fuel 
energy burdens significantly below the values used in this study through the choice 
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of efficient, clean, renewable energy sources.  The result would be that the PLA PDS 
would be a much more viable alternative. 
 
While a recommendation of a specific cup material is beyond the scope of this study, 
the analysis of alternative materials did support the recommendation that reduction 
of the packaging mass should be a priority when selecting materials and 
manufacturing processes.  The importance of this can be illustrated by comparing 
the energy use of the PLA/LLDPE PDS with the PLA/PLA PDS.  For the 8 oz. 
container size, switching from the current PDS to the PLA/LLDPE PDS would 
reduce energy use by almost 2%.  This reduction in energy use can be attributed to 
the 2% lower cup weight for the thermoformed PLA cups.  This reduction in cup 
weight was assumed based on the fact that a thinner cup wall thickness can be 
achieved with thermoformed PLA than with injection molded PP.  On the other 
hand, switching from the current PDS to the PLA/PLA PDS would increase energy 
use by nearly 4%.  The reason for this difference is the increased weight of the PLA 
lid (4.7g) versus the LLDPE lid (3.9g).  This increase in lid weight was assumed 
based on the higher specific gravity of PLA (1.25) versus LLDPE (.93).  This 
example shows that, since PP and PLA have similar energy intensities, the PDS 
with the lowest energy related burdens will be the one that uses the 
material/manufacturing process combination resulting in the lowest packaging 
weight. 
 
The Comparison by Container Size section reveals that the choice of cup material 
may vary by container size.  For instance, if the choice of material were based on 
total energy usage, the thermoformed PP cups would be best for the 4 and 32 oz. 
sizes.  The PLA coated paperboard would be best for the 6 and 8 oz. sizes.  
Performance and structural integrity with a given material could also vary by 
container size.  For these reasons, it is recommended that the composition of the 
cups be evaluated individually for each size container.  Optimization of each size 
PDS will result in the optimization of the composite PDS. 

7.5  Manufacturing Processes 
The thermoforming process appears to have significantly lower environmental 
burdens than the injection molding process for the manufacturing of yogurt cups.  
Lower energy consumption burdens can be seen in the Material Production and 
Manufacturing phases due to the reduced weight of thermoformed cups.  The 
manufacturing process also appears to require less energy per mass than injection 
molding.  The 32 oz. thermoformed cup currently produced by Polytainers is 31% 
lighter than the injection molded cup used by Stonyfield.  Significant reductions are 
seen in the 6 oz. (23%) and 8 oz. (13%) sizes as well.  Polytainers does not currently 
produce a 4 oz. thermoformed cup, however, based on the above trend, it is expected 
that using the thermoforming process would result in weight reductions in the 4 oz. 
cup as well.  Figure 7-2 shows the resulting reductions in life cycle energy 
consumption by container size. 
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Figure 7-2:  Injection Molding vs. Thermoforming Life Cycle Energy 
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As was shown in the Results and Interpretation section, the thermoforming process 
outperformed injection molding in all environmental burden categories.  However, 
there are other factors that influence the choice of manufacturing process including 
economic feasibility, part quality and product performance.  Table 7-4 evaluates 
thermoforming versus injection molding on various criteria.  Although cup 
manufacturing costs could not be obtained for this study, the reductions in both 
material costs and energy consumption associated with the thermoforming process 
would be expected to correlate with a cost advantage over injection molding.  
Polytainers confirmed that this would be true for volumes over 100 million parts per 
year. 
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Table 7-4:  Thermoforming vs. Injection Molding Comparison 
 Thermoforming Injection Molding 

Cost   
Material Cost Higher1 Lower 
Material Consumption More2 Less 
Machinery Cost Lower Higher 
Mold Cost Lower3 Higher 
Trimming Equipment Cost Higher Negligible 
Overall cost Lower4 Higher 
Wall Characteristics   
Minimum Thickness Approximately 0.002 in. 

(0.05 mm) 
Approximately 0.04 in. (1 
mm) 

Uniformity Difficult to control Very uniform 
Rigidity Special techniques 

required for larger pieces 
Excellent 

Performance   
Compression Test 
Performance 

Lower Higher 

Drop Impact Test 
Performance 

Lower Higher 

Finish   
Gloss Generally not very good Excellent 
Detail Not very sharp Excellent 
Pre-decorating Most pre-decorated 

finishes can easily be 
thermoformed 

Pre-decorated finishes 
cannot be injection molded 

Production Flexibility Very high Low 

Setup Time Very short Up to 4 times as long as 
in thermoforming 

   
Source: USI and Polytainers 
Notes: 
1. The cost of sheet is mor e than resin however, in-line sheet extrusion/thermoforming systems, 

such as those used by Polytainers use resin as the input material and therefore resin prices 
would be comparable. 

2. Thermoforming processes produce up to 50% waste however this waste is typically reclaimed 
using an in-line, closed loop reprocessing system such as the system Polytainers uses. 

3. Thermoforming molds can cost 1/10 of injection molding molds. 
4. For yogurt cup volumes greater than 100 million per year. 
 
The part quality of thermoformed cups would be expected to be inferior to the 
injection molded cups.  In particular, the surface finish gloss and detail would be of 
a lower quality.  Product performance of the thermoformed cups would also be 
inferior.  Injection molded cups have superior characteristics with respect to 
Compression Tests and Drop Impact Tests.74  Injection molded cups also have much 
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higher top load performance due to better control over distribution of the plastic 
throughout the cup. 
 
On the other hand, thermoformers of thin-walled PP yogurt, dairy product and other 
food containers have gained market share from injection molders due to 
improvements in their abilities to reduce wall thickness and ensure good top-load 
strength.75  This trend would indicate that thermoforming may have an economic 
advantage as well as having achieved technology advances enabling the production 
of containers that meet yogurt packaging criteria. 
 
In light of the lower environmental burdens associated with thermoforming, the 
degree to which the characteristics of thermoformed cups affect the feasibility, 
functionality and appearance of the PDS warrant further investigation. 
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8.  CONCLUSION 
This research evaluated Stonyfield Farm’s current PDS and four alternative PDSs, 
and it generated recommendations for improvements to the current system.  The 
Life Cycle Analysis also revealed important characteristics of the PDS that must be 
taken into account in any further efforts to improve the environmental performance 
of Stonyfield’s yogurt PDS. 

8.1  Current PDS 
The results indicated that environmental burdens are inversely related to container 
size when the packaging configuration consists of a cup, seal, and lid.  Therefore, the 
32 oz. yogurt cups proved to be the best choice in every category among the 6 oz., 8 
oz. and 32 oz. containers. The 2 oz. tubes and 4 oz. containers did not always fit the 
same “bigger is better” pattern.  In particular, the multi-packs outperformed the 
6 oz. in life cycle energy requirements, renewable energy, emissions to air, and 
maximum allowable concentration of air pollutants.  However, the solid waste 
produced, water used, and ODP from the 2 oz. tube PDS and 4 oz. container PDS 
were by far the highest. 

8.2  Alternative PDS 

Of the alternatives evaluated in this study, no single material stands out as a 
superior primary packaging material for all container sizes in all burden categories.  
PP, PLA and coated unbleached paperboard were shown to be preferable over HDPE 
for a cup material, and thermoformed cups had lower burdens compared to injection 
molded cups.  Also, PLA containers with PLA lids performed poorly overall.  As a 
whole, the PDS that utilized thermoformed PP cups turned out to be a favorable 
alternative, as did the coated paperboard PDS. 
 
On a more detailed level, each of the materials and configurations demonstrated 
strengths in some categories and weaknesses in others.  For example, coated 
paperboard tended to have high solid waste burdens and water use but lower non-
renewable energy input and total energy requirements.  The comparison of all 
alternatives reveals that the preferred cup material may vary by container size and 
by Stonyfield Farm’s priorities (relative importance of environmental impacts).  
Selecting the optimal PDS for each container size will result in the optimization of 
the composite PDS. 

8.3  Recommendation 

Interpretation of the results identified the segments of the PDS responsible for the 
largest environmental burdens and recommended these segments as areas for 
additional research.  These segments are: distribution from Stonyfield Farm to 
distributors and retailers (Distribution 3), material production of the primary 
packaging and manufacturing of the yogurt containers. 
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8.4  Compass for Further Improvement 

The systematic life cycle analysis revealed complex interrelatedness among the 
components of Stonyfield yogurt PDS.  For example, the light-weighting of 
corrugated boxes could result in increased environmental burdens since this might 
result in the need to increase the weight of the energy intensive primary packaging 
to compensate for a decrease in the structural performance of the boxes.  Another 
example of the complexity of the system is that an increase in the recycling rate of 
the plastic containers might increase the burdens since energy produced during the 
combustion of plastic waste at energy recovery plants offsets burdens.  Therefore, it 
is imprudent to focus on one segment of the system in efforts to reduce specific 
environmental burdens.  The LCA approach, which takes into consideration the 
PDS as a whole, will be a reliable and comprehensive tool in the further study to 
improve the total environmental performance of Stonyfield Farm’s product delivery 
system. 
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9.  GLOSSARY 
 
Blow Molding – The production of hollow items using a process consisting of the 
following three stages: melting or plasticizing the resin; forming a parison or 
preform; and inflating the parison or preform in a blowing mold to produce the end 
product. 
 
Co-extrusion – The process of producing multi-layered products such as film and 
sheet using two or more extruders. 
 
Color Concentrate – Pelletized material consisting of pigment and a carrier resin 
used in plastic processing to add color to natural colored resins. 
 
Conversion – The process of converting an intermediate product, such as sheet, 
into a final product, such as thermoformed containers.   
 
Copolymer – Modification of the molecular structure of a polymer by the addition 
of one or more dissimilar monomers. 
 
Cracking –  The process of heating ethane gas to approximately 80°C to break it up 
into hydrogen and ethylene. 
 
Distribution – Packaging systems and transportation networks used to contain, 
protect, and transport products and process materials. 
 
Extrusion – The process of applying heat and pressure to melt the polymer resin 
and force it through a die to continuously produce products such as film, sheet, pipe 
and other profiles. 
 
Feedstock Energy – Heat of combustion of raw material inputs, which are not 
used as an energy source, to a product system. 76 
 
System Function – A statement on the specification of the performance 
characteristics of the system.  
 
Functional Unit – The functional unit, which is to be consistent with the goal and 
scope of the study, defines the quantification of the identified function.  It provides a 
reference to which the input and output data are normalized. 
 
Injection Molding – The production of plastic products using a process consisting 
of the following four stages: melting of the polymer into a homogeneous viscous 
liquid; injecting the molten polymer into a mold; cooling of the polymer; and ejection 
of the finished product from the mold. 
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Life Cycle Assessment (LCA) – “Life Cycle Assessment is a process to evaluate 
the environmental burdens associated with a product, process, or activity by 
identifying and quantifying energy and materials used and wastes released to the 
environment; to assess the impact of those energy and materials used and releases 
to the environment; and to identify and evaluate opportunities to affect 
environmental improvements. The assessment includes the entire life cycle of the 
product, process or activity, encompassing, extracting and processing raw materials; 
manufacturing, transportation and distribution; use, re-use, maintenance; recycling, 
and final disposal.” 77 
 
Polyolefin – A polymer of an alkene (as polyethylene); a resin made by 
polymerizing olefin 
 
Primary Energy – An energy source occurring in nature, such as coal or solar 
heat, before it is converted to a usable form. 
 
Process Energy - Energy input required for a unit process to operate the process 
or equipment within the process excluding energy inputs for production and delivery 
of this energy. (ISO/FSIS 14041:1998(E)) 
 
Renewable Energy – Capable of being replenished quickly enough to meet present 
or near-term demand.  Time and quantity are the critical elements in measures of 
renewability. 
 
Recycling – The reformation, reprocessing, or in-process reuse of a waste material. 
 
Sheet – Heavy gauge flat -film material that is more than 10 mils thick. 
 
Thermoforming – The process of forming plastic products from polymer sheet.  
The sheet is heated above its glass transition temperature and drawing the sheet 
into a mold using either vacuum or pressure.  The resulting product has a wall 
thickness that is less than the thickness of the original sheet. 
 
U-board – Corrugated packaging used as a separator in corrugated box. 
 
Unit Process – Product systems are subdivided into a set of unit processes.  Unit 
processes are linked to one another by flows of intermediate products and/or waste 
for treatment, to other product systems by product flows, and to the environment by 
flows such as emissions to air or water. 
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10.  ACRONYM LIST 

ATSDR - Agency for Toxic Substances and Disease Registry 

CDP – Cargill Dow Polymers 
CERCLA - Comprehensive Environmental Response, Compensation, and Liability 
Act 
DEAM - Data for Environmental Analysis and Management 

EOL – End-of-Life 
FDA – Food and Drug Administration 

FU – Functional Unit 
HDPE - High Density Polyethylene (0.940 gm/cu cm and higher) 
GWP – Global Warming Potential 

IM - Injection Molding 
IPCC – Intergovernmental Panel on Climate Change 

ISO – International Standards Organization 
LCA – Life Cycle Assessment 

LCI – Life Cycle Inventory 
LCIA - Life Cycle Impact Assessment 

LDPE - Low Density Polyethylene (0.910-0.925 gm/cu cm) 
LLDPE - Linear Low Density Polyethylene (0.910-0.925 gm/cu cm) 
MAC – Maximum Allowable Concentration 

MJ – Megajoule 
MSW – Municipal Solid Waste 

ODP – Ozone Depletion Potential 
PDS - Product Delivery System 

PE - Polyethylene 
PET  - Polyethylene Terephthalate 

PLA - Polylactide 
PP - Polypropylene 
PS - Polystyrene 

PVC - Polyvinyl Chloride 
SAEFL – Swiss Agency for the Environment, Forests and Landscape 

SPI – Society of the Plastics Industry 
SUS - Solid Unbleached Sulfate 

TF – Thermoforming 
UV – Ultra violet 

VOC - Volatile Organic Compound 
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ABSTRACT

As part of the project to model environmental burdens associated with the current
Stonyfield Farm Product Delivery System (PDS) and to recommend strategies for
reducing them, this survey examined alternative primary packaging materials that
potentially could be used for refrigerated yogurt. Eleven materials, or groups of
materials, were found to be reasonable candidates for the survey.  Polypropylene,
Stonyfield’s current primary packaging material, was also included to benchmark
the performance of the alternative materials.  Each option was evaluated on three
axes: Sustainability, Feasibility and Marketability in order to select the two
packaging materials best suited for inclusion in the Life Cycle Assessment of the
Stonyfield Farm PDS report.

Figure 1: Overall Material Evaluation

HighMediumLow

•LDPE Coated Paper

•PLA Coated Paper

•Polylactide (PLA)

•Aseptic Packaging
•Polypropylene (PP)
•Aluminum
•Starch-based
Biodegradable Polymers
•Soy Works
•Polystyrene (PS)

•Polyhydroxalkanoate
(PHA)
•Polyethylene
Terephthalate (PET)
•Synthetic Biodegradable
Polymers
•Glass

A material evaluation integrating the three criteria categories (Sustainability,
Feasibility, and Marketability) revealed the ranking diagramed above. Aseptic
packaging and PS were above average performers, while non-renewable
biodegradable plastics, and PHA demonstrated more moderate performance.
Concerns about suitability for yogurt, package design requirements, filling
equipment and the use of genetically modified organisms (GMO), however, made
them less attractive.

The best candidates for further study were narrowed down to coated paper and PLA.
While it does not require the use of GMO corn, as is the case with PHA, the greatest
obstacle to recommending PLA is the inclusion of GMO corn in its current material
composition.  If PLA were made with certified GMO-free starch, it would potentially
provide the best combination of environmental performance, strength, durability,
and appearance.
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1. INTRODUCTION

In May 2000, Stonyfield Farm engaged the Center for Sustainable Systems at the
University of Michigan to complete a Life Cycle Assessment (LCA) study of the
current Stonyfield Farm Product Delivery System (PDS).  The project also included
an LCA study of the PDS using an alternative primary packaging manufacturing
process (thermoforming versus injection molding of plastic containers), and three
alternative container primary packaging materials.  HDPE was selected as one of
the three alternative materials at the outset of the project.  The other two materials
were to be selected for their superior environmental performance and food storage
properties from a survey of alternative primary packaging materials that potentially
could be used for refrigerated yogurt.

This document is the survey of alternative primary packaging materials.  From the
findings contained in the Material Information section of this document, the
materials will be evaluated on three axes: Sustainability, Feasibility and
Marketability.  Sustainability captures environmental performance, such as lower
life cycle energy demand and use of renewable resources.  Feasibility considers
economic and material performance factors including the need for Stonyfield Farm
to modify or replace filling equipment.  Lastly, Marketability attempts to evaluate
consumer’s response to a change in packaging material and Stonyfield Farm’s
ability to advertise their brand and customer education messages.  Polypropylene
(PP) was also included in the Material Evaluation section to benchmark the
performance of the alternative materials.

Eleven materials, or groups of materials, were found by the team to be reasonable
candidates for the survey.  Analysis of each material using the methodology
described above is used to select the two most appealing packaging materials.  As
noted, the selected materials will be analyzed and modeled to quantify the life cycle
environmental burdens associated with a PDS using them in a report titled Life
Cycle Assessment of the Stonyfield Farm Product Delivery System.
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2. MATERIAL SELECTION

To conduct this survey, the candidate materials were selected from those currently
available and other emerging alternatives, including biodegradable polymers.

The materials were selected with a primary focus on environmental performance.
For the purposes of this survey, secondary packaging, transportation, and
distribution were not considered.  The environmental characteristics considered
were:

1. Energy Consumption – focus on primary packaging energy requirement, but
also a consideration of life cycle energy consequences.

2. Raw Material Sourcing – concentration on source reduction and the use of
renewable resources.

3. End-of-Life Considerations – includes recyclability, compostability and other
aspects that would minimize end-of-life and life cycle solid waste.

4. Other – captures all other environmental considerations, such as use of
genetically modified organisms (GMOs).

With the above criteria in mind, other factors including economic feasibility, overall
material performance and marketing potential were also taken into consideration.
From the materials currently being used for food packaging, the following were
selected.  Included with each material is a brief justification for its selections.

1. Unbleached Coated Paper – made primarily from renewable resources,
unbleached alternative eliminates release of dioxins during production

2. Aseptic Packaging – significant renewable material content.
3. Aluminum - high recyclability may reduce end-of-life solid waste burden.
4. Glass – high recyclability may reduce end-of-life solid waste, made from a

very abundant resource.
5. Polyethylene Terephthalate (PET) - higher potential for recyclability and

potential to reduce primary packaging weight.
6. Polystyrene (PS) – potential to decrease primary packaging weight.

Also evaluated in this report are natural resins and biodegradable polymers.
Natural resins offer opportunities to drastically reduce the non-renewable inputs to
the primary packaging.  Biodegradable polymers offer the potential to significantly
reduce the life cycle solid waste burdens through composting instead of landfilling at
the end-of-life.  These materials were evaluated in four (4) groupings with the three
most promising materials (PLA, PHA and Soy Works) given their own section.
Included with each material is a brief description and reason for selection.

1. Polylactide (PLA) – widely heralded as the most promising bioplastic, PLA is
derived from renewable resources, compostable and recyclable.

2. Polyhydroxalkanoate (PHA) – describes a family of naturally occurring
polymers that are synthesized through fermentation.  They are derived from
renewable materials.
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3. Soy Works – in the early stages of development, as the name suggests, Soy
Works is derived from soybeans.

4. Synthetic Biodegradable Polymers – although based on non-renewable
resources, these materials are formulated to biodegrade at standard
conditions.  These include DuPont’s Biomax™, BASF’s Ecoflex® and
Eastman’s Eastar Bio COPE.

5. Starch-based Biodegradable Polymers – biodegradable polymers which are
made by combining natural starch and synthetic biodegradable plastics.
These materials, which include Novamont’s Mater-Bi™, are partially
renewably based and can also minimize solid waste at the end-of-life.
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3. MATERIAL INFORMATION

This section of the survey contains an analysis of each material or family of
materials for each of the following categories: Background, Environmental
Performance, Consumer Perception, and Economic Considerations.

The materials are categorized according to their composition as follows:
q Conventional Paper-based Materials
q Mineral-based Materials
q Petroleum-based Materials
q Natural Resins and Biodegradable Plastics

3.1 Conventional Paper-Based Materials

3.1.1 Coated Paper

3.1.1.1 Background
The use of kraft paper coated with low-density polyethylene (LDPE) is quite
common as a packaging for prepared foods.  Poly-coated paperboard is used for milk,
ice cream, juice, frozen TV dinners, and many other frozen and refrigerated food
containers.  It can be made into many different shapes and sizes and comes in a
variety of grades and weights.

Prior to the 1980s, wax-coated paperboard containers were the standard for yogurt.
However, falling prices and improved properties of high-density polyethylene
(HDPE) and other plastics prompted many producers of refrigerated dairy products
to switch to lighter weight plastic packaging materials.  Manufactures of a new
generation of coated paperboard are attempting to regain market share by offering
an unbleached alternative that would eliminate the release of dioxins during
material production.

In the course of this research, no yogurt was found packaged in unbleached poly-
coated paper containers in the United States.  However, unbleached paper
containers coated with LDPE have been found suitable for frozen yogurt and ice
cream, as evidenced by their adoption by Ben & Jerry’s and Stonyfield Farm.

3.1.1.2 Physical Attributes
For this report, coated paperboard containers were assumed to include both the cups
and lids.  They were also assumed to have roughly the same dimensions and shape
as the currently used PP cups.  However, this is not necessarily the case since
modern paper container processes can produce oblong and rectangular shapes that
could improve the packing density of containers.1  A hybrid container with a paper
cup and plastic lid is also a possibility.



Center for Sustainable Systems University of Michigan 05/07/01

A9

According to Sealright, the manufacturer of paper containers for Stonyfield Farm’s
frozen products, paper containers (cup and lids) outweigh their PP counterparts by
over 50% for the 8 oz. container size.  It should be noted that Sealright does not
currently manufacture paper containers for refrigerated yogurt.  Specs from a
Japanese manufacturer of paper yogurt containers indicate that paper yogurt
containers can be produced that are significantly lighter than Stonyfield’s PP yogurt
containers.

With a few exceptions, the other properties of paperboard play favorably with
Stonyfield Farm’s requirements.  Paper can withstand both the hot and cold
temperature extremes required in setting the yogurt and refrigerating the finished
product.  Paper containers provide UV protection and they can be made with
resealable lids, although the seal attained by a paper lid may not be equivalent to
that of a plastic lid since paper has the tendency to be deformed with use.

The only physical attribute that is a concern is the structural integrity.  This is
especially worrisome in the larger sizes.  With frozen foods, such as ice cream, the
product can bear some of the top loading weight and structurally support the walls
of the container.  This is not the case for refrigerated products that depend more on
the structural integrity of the packaging.  Heavier walls would likely solve this
problem, but would negatively impact the PDS’s environmental burdens. Also, paper
is more susceptible to puncture than plastics.

Another possible configuration for paperboard containers would be to use a paper-
based heat sealed, peelable lid like the one made by Stora Enso, a global forestry
company based in Finland instead of a kraft paperboard lid.  The “Ensolid” is
reported to be effective for dairy applications such as yogurt cups and ice cream
containers.  It provides a barrier against oxygen, water vapors, and odor, and has
good burst resistance and excellent printing capabilities.2  The “Ensolid” would not
be a good choice for larger multi-serving containers that need resealing capabilities.

3.1.1.3 Environmental Performance

3.1.1.3.1 Energy Use
A positive aspect of paperboard is the relatively low energy required to produce the
material (57.4 MJ/kg) compared to PP (74.9 MJ/kg).  However, the paperboard does
require a coating of LDPE to create a suitable material for packaging food.  LDPE
makes up approximately 7% of the coated paperboard, and its material production
energy (81.9 MJ/kg) is higher than that of PP.  Overall, the material production
energy of coated paper is 59.1 MJ/kg.

Another plus for paperboard is the amount of feedstock and process energy sourced
from renewable resources.  More than 65% (37.6 MJ/kg) of the material production
energy is renewable compared to approximately 1% (0.81 MJ/kg) for PP.
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3.1.1.3.2 Raw Material Sourcing
As required by FDA regulations, materials that come into contact with food must
not contain recycled content.  Therefore, the primary source of material for coated
paperboard containers is pulp made from virgin cut timber.  Despite this regulatory
reality, paper and other forest products are based on a renewable resource.  So for
material sourcing, coated paperboard packaging is a more sustainable option than
petroleum-based plastics.

3.1.1.3.3 End of Life Considerations
The LDPE coating on the paperboard puts the containers into a category of
packaging that is not recycled in most communities.  “Plastic coated paperboard is
not designed so the end user can separate the plastic coating from the paperboard,
making the material unacceptable in most recycling programs.”3  Thus, this area of
customer concern is not likely to be satisfied by kraft paper containers at this time.

However, the development of new hydropulping facilities and technologies are
making it possible to separate and reclaim polyethylene from paperboard in the
future.  One such example is Extraction Technologies in Brunswick Virginia.  The
company uses hydropulping to reclaim polyethylene and paper fiber from poly-
coated paperboard.4

Another option that may be available in the near future is to replace LDPE in the
coating with a biodegradable plastic, like one of the materials described in Section
3.4.  With a biodegradable plastic coating, paperboard containers would be
candidates for composting, which could substantially reduce the solid waste burden
of the PDS.  However, municipal composting opportunities for materials other than
yard trimmings are relatively scarce.

3.1.1.3.4 Other
Most of the paper currently produced is bleached using chlorine compounds, which
react with dioxin precursors in wood pulp to form dioxin.  Dioxins are known
carcinogens and are linked to a variety of other human health problems including
severe reproductive and developmental problems and serious skin conditions.5

Paper mills have made significant reductions in dioxin emissions in the past two
decades.  These reductions have typically been achieved by switching from an
Elemental Chlorine (EC) process, which utilizes chlorine gas, to an Elemental
Chlorine-Free (ECF) process that uses chlorine-dioxide and other chlorine
derivatives.  While the ECF technology significantly reduces dioxin emissions, it
does not eliminate them.  This is a concern since even small quantities of dioxin can
cause health problems.  A third bleaching process, Totally Chlorine-Free (TCF), does
not release dioxins and is being adopted by paper mills, particularly in Europe.6

In 1999, Ben & Jerry’s, the New England ice cream and frozen yogurt manufacturer,
found a source of chlorine-free, unbleached paper containers safe for packaging food
and began using the “Eco-Pint” for its top-selling flavor, World’s Best Vanilla.7  This
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packaging appears to have eliminated the human health risks previously associated
with bleached paperboard packaging and is now more widely available to other food
manufacturers.

3.1.1.4 Consumer Perception

3.1.1.4.1 Marketing Potential
Color graphics and food labeling information are printed directly on the paper.  It is
assumed that this technology has the same flexibility of the technology currently
used that allows the design to be changed with a small incremental investment.  So
Stonyfield would be able to continue to advertise environmental causes on the
container lids.

Focus group testing conducted on behalf of Ben & Jerry’s showed no consumer
resistance to the brown interior of unbleached containers. While the brown interior
differs from the white of the more common bleached container, the clay-coated and
printed exterior looks the same.8

Generally, it is assumed that Stonyfield Farm consumers would find paperboard
containers to be appealing because of the renewability of the feedstock and the
potential for recycling or composting.  They may also favor the “natural” aspect of
paper versus the man-made plastics.

3.1.1.4.2 Perception of Quality
Paper containers will be more susceptible to dents and deformation.  The sight of
damaged yogurt cups could leave the consumers with the perception of lower quality
when compared to plastic cups.

3.1.1.5 Economic Considerations
Pricing information for unbleached paperboard containers is considered proprietary
by Sealright.  Ben & Jerry’s Manager of Natural Resources, stated that the
unbleached material costs more than bleached kraft paper, largely because it is not
available in the volumes that bleached board is.9

Another economic consideration is the need to modify or replace Stonyfield Farm
current filling, casing and palletizing equipment.  According to Sealright, the
dimensions of paper containers are roughly equivalent to that of PP containers.  It is
possible that the existing machinery could continue to be used, but equipment
requirements have yet to be determined.

3.1.2 Aseptic Containers

3.1.2.1 Background
Aseptic containers are cartons generally used in aseptic packaging systems to hold
food and beverage products in a shelf-stable form that requires no refrigeration.
The most common usage for aseptic containers has been for aseptically packaged
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juice and milk.  Aseptic containers are also currently in use for such food items as
diced tomatoes, and stews with chunks of vegetables and meat, demonstrating that
the packaging is suitable for a variety of both beverage and food consistencies.

There are two major U.S. manufacturers of aseptic containers – Tetra Pak Inc. of
Vernon Hills, Illinois and SIG Combibloc Inc. of Columbus, Ohio.

This survey includes aseptic containers as a potential PDS primary packaging
material choice but does not assume that Stonyfield would adopt an aseptic
packaging system.  An aseptic packaging system would include elimination of
bacteria in the packaged product and therefore could run counter to Stonyfield’s
yogurt processing requirements.

3.1.2.2 Physical Attributes
Aseptic containers are made of six flexible, folded layers of (in order) LDPE, paper,
LDPE, aluminum foil, LDPE, and LDPE.  In total plastic makes up 24%, aluminum
(6%), and paperboard (70%).10  The aluminum is completely covered by two layers of
food-grade polyethylene, so the food product and the aluminum never come in
contact.  The multi-layer structure provides barrier protection from oxygen, bacteria
and UV light exposure.  The flexibility of the carton enhances its puncture and burst
resistance under normal handling conditions.  However, more rigid packaging
materials such as plastic, glass or aluminum of sufficient thickness will exhibit
greater structural top-loading strength.  The most common rectangular (brick)
shaped cartons are stackable when held with stretch-wrap and have a sufficient top-
loading strength.

The exact weight of an aseptic container designed for yogurt was unavailable,
however, by comparison, the total weight of a one-liter milk package is 28 grams.11

Aseptic containers’ relatively lightweight characteristics can be further illustrated
when comparing various types of packages used to deliver product.  For example,
the 7.5 single-serve aseptic cartons it takes to deliver 64 ounces of liquid create
seven times less end-of-life waste (by weight) than one 64-ounce glass bottle (119.8 g
vs. 860.6 g).12

Plastic openings with airtight sealing capability are available from the two major
aseptic container manufacturers for multi-serving applications.  Resealable
openings applicable for yogurt eaten with a spoon would require plastic openings of
sufficient size to be convenient for consumer use, however, according to sales
representatives of the two major manufacturers, such openings are not currently
fabricated.  Their feasibility was questioned, but both companies felt their design
teams could investigate the possibility.13
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3.1.2.3 Environmental Performance

3.1.2.3.1 Energy Use
Prior to filling, aseptic containers are stored flat or on rolls, rather than pre-formed
like glass, metal and most plastic containers.  As a result, they take up less space
during transport.  One standard semi-trailer truck can transport 1.5 million empty
cartons versus only 150,000 glass bottles.14  Similarly, once filled, the rectangular
shape of common aseptic containers conserve more space than cylindrical packages
thus, more product can be shipped in a given truck.  These physical characteristics
could translate into energy and pollution reductions.

Table 3-2: Material Production Energy of Aseptic Packaging
Paperboard LDPE Aluminum

(Primary)15

Aluminum
(Secondary)

Total

Composition 70% 24% 3.1% 2.9% 100%
Material Production 57.4 MJ/kg 81.9 MJ/kg 240 MJ/kg 10.2 MJ/kg 67.6 MJ/kg

Three LCA studies that included aseptic containers have been conducted in the past
ten years.16  Each found aseptic containers to be a top performer on environmental
metrics, however it is questionable how well the results of these studies would carry
over to the Stonyfield PDS.  As mentioned, yogurt containers may require different
configurations (Addition of the modified plastic openings would increase the life
cycle energy inputs of the packaging.) as well as need refrigeration if not packaged
aseptically.

3.1.2.3.2 Raw Material Sourcing
The paperboard in aseptic containers is a renewable material.  Some major brands
use paperboard made with recycled content and do not use chlorine bleaching for the
paperboard.17  The remaining 30% of the material by weight, which includes LDPE
and aluminum, are from non-renewable resources.

3.1.2.3.3 End of Life Considerations
The aseptic packaging industry has promoted recycling of aseptic containers,
unfortunately, the recycling process is only offered in parts of 26 states.  According
to the Aseptic Packaging Council, over 11.7 million households have the ability to
recycle aseptic packaging curbside as of January 1, 2001.  The overall rate at which
aseptic containers are recycled in America is unknown.  Because of their plastic
coating and aluminum content, aseptic cartons are neither biodegradable nor
compostable.

The recycling process of aseptic containers uses a hydropulper that separates the
paper fibers away from the layers of polyethylene and aluminum foil.  Mills
generally value the paper fiber received from aseptic containers because of its
strength, length and brightness.  No de-inking is required as the ink is separated off
with the plastic.  In some cases, the plastic/foil residual can also be recycled into
high-end plastic lumber products.  In others, the wet residue (containing mostly
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polyethylene and aluminum foil) that remains after the paper fibers are separated is
enriched to about 17% aluminum content by eddy-current and magnetic separation.
Then a thermal de-coating process is used to recover the aluminum foil.18  If higher-
quality, post-consumer pulp continues to be a popular and required commodity in
the manufacturing of recycled content products the value of paper fibers recovered
from aseptic containers will remain high and perhaps grow as more hydropulpers
accept aseptic containers.

3.1.2.4  Consumer Perception

3.1.2.4.1 Food Security
Consumer concern over endocrine-mimicking chemicals that have been mentioned
in the popular press in connection with breast cancer and male infertility, including
bisphenol A (BPA), nonylphenol, and phthalates prompted testing of the LDPE that
comes in contact with aseptic container packaged products.  According to the Aseptic
Packaging Council, tests on LDPE to determine if any plastic was leaching into the
products contained in aseptic containers have shown that these chemicals are not
present in the LDPE that comes in contact with products.  Moreover, there is no
leaching of aluminum or aluminum components through the plastic layer.

Some customers may feel less secure about tampering because the sidewalls of the
aseptic container are not as rigid as other packaging and the technology is newer.
However, tamper-proof devices are available on most aseptic container designs.
Moreover, a consumer survey conducted by Tetra-Pak found that consumers pointed
to the ease of handling of the aseptic package and the fact that it was shatterproof
and tamper-evident as reasons for their preference.19

3.1.2.4.1 Marketing Potential
While they used to be almost exclusively in rectangular (brick) form, their design
possibilities have evolved to include multiple shapes, sizes and openings.  One
concern regarding the shapes of aseptic containers is that consumers might find the
packaging incommodious when trying to reach yogurt left in the corners of angled
containers.

High quality uninterrupted printing is possible on at least the top, front and back
panels of the box.

3.1.2.5 Economic Considerations
Even if Stonyfield did not adopt an aseptic packaging system, the use of aseptic
containers would almost certainly require modification of its current filling and
palletization equipment or even full-scale changeover to new custom designed filling
machines.

Exact pricing could not be quoted for an aseptic carton for use with yogurt, but
because of the complexity of the packaging, pricing could be a prohibitive factor.
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Addition of the modified plastic openings and design inputs would be expected to
increase the per unit cost of the packaging.

3.2 Mineral-Based Materials

3.2.1 Aluminum

3.2.2.1 Background
Aluminum containers have a long tradition as beverage and processed food
containers.  Recent technological advancements allow for containers to be produced
using less metal and with lower manufacturing costs while maintaining the same
properties as standard aluminum containers.  Though aluminum cans are now
produced with walls thinner than a plastic alternative, aluminum’s specific gravity
is more than 2.5 times that of PP; so more material is used on a weight basis.

3.2.2.2 Physical Attributes
Aluminum containers require no special precautions in handling since they are
rigid, unbreakable, and they provide a strong barrier to gas, bacteria, and UV light.
For yogurt, aluminum containers can be designed with full aperture easy-open ends
and plastic closures for resealing of larger sizes.  The top-loading strength of
aluminum containers is very much dependant on wall thickness and configuration.
For example, soda cans have thin walls but their design makes them capable of
being stacked many layers on top of each other.  Cans are also not restricted by cold
or heat resistance.

3.2.2.3 Environmental Performance

3.2.2.3.1 Energy Use
At 240 MJ/kg, virgin aluminum is a highly energy intensive material, and it has a
correspondingly high level of pollution associated with its production.20  Recycled
aluminum has significantly reduced energy and environmental burdens associated
with its use.  It should be noted that even with a high recyclate rate, however, the
energy input levels are well above those of the other materials surveyed in this
report.21

3.2.2.3.2 Raw Material Sourcing
Aluminum is a non-renewable resource.  It is the third most abundant element in
the earth’s crust, however, due to its strong affinity to oxygen, it is not found in the
form of a metal.  The primary source of aluminum is bauxite, which is typically
mined in open pits in tropical or subtropical climates.  Australia, Guinea, Jamaica,
Brazil, and India are major producers of bauxite.22

3.2.2.3.3 End of Life Considerations
The aluminum can is recycled in a closed loop process, which saves 95% of the
energy needed to produce aluminum from ore.23  Moreover, the percentage of
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aluminum recycled from beverage cans, surpasses all other recyclable packaging
materials.24  The average aluminum can contains more than 51.2% post consumer
recycled content.

Aluminum packaging has always accounted for only a very small percentage of
generated municipal solid waste (1%).  An effective recycling infrastructure exists
for the recycling of aluminum beverage cans, which is due in large part to “Bottle
Bill” incentives.  Currently, 60 percent of aluminum beverage cans are recycled.25

Aluminum yogurt cans would not be likely to be included in Bottle Bill incentives
and therefore the recycle rates would be expected to be similar to the recycle rates of
other aluminum food containers (7%).

3.1.2.4  Consumer Perception

3.2.2.4.1 Food Security
A possible link between exposure to aluminum and Alzheimer’s disease has been
investigated for years.  Research has produced conflicting results and the issue
remains controversial.  But, the perception remains that there may be some
connection.

3.2.2.4.2 Marketing Potential
The labeling potential for aluminum is high, but most attributes of metallic
packaging would be seen as negatives to Stonyfield Farm’s target segment.  Despite
its recyclability, many consumers would likely see aluminum as an undesirable
packaging alternative because it is not currently used for dairy products and it is
derived from non-renewable resources.

3.2.2 Glass

3.2.2.1 Background
Glass has a long history as a packaging material.  New glass is made from a mixture
of sand, soda ash, limestone and other additives.  In the case of bottles and jars, up
to 80% of the total mixture can be reclaimed scrap glass, called cullet.  The variety
of glass bottles and jars used in food and beverage packaging ranges widely in
volume, weight and shape as result of both marketing considerations and strength
requirements.  There has been a trend over the past few decades away from glass
and towards plastics, for the purpose of light-weighting.26  Nonetheless, some single-
use clear glass yogurt containers are currently in use.

3.2.2.2 Physical Attributes
Glass packaging offers strong structural integrity, odor resistance, a barrier against
gases and 100% recyclability.  A glass yogurt container can be configured in a
variety of ways: for example, sealed with a mason-style lid, foil, or plastic.  Food
products will not react chemically with a glass container.  In addition to being
chemically inert, glass provides impermeability such that diffusion or leakage is not
possible unless the container is inadequately sealed.  In theory, the durability of
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glass and possibility of high-temperature sterilization opens the prospect of reuse of
packaging.  However it is expected that both economic and environmental
considerations would preclude this option for the Stonyfield PDS.

Glass is one of the heavier materials surveyed, it is breakable, and does not offer
protection against UV light unless colored (amber or green).  The material’s relative
weight influences energy use in material production and transportation as well as
solid waste generation at end-of-life.  The use of colored glass could have negative
marketing implications.  In addition, colored glass is a somewhat less valued variety
of recyclate.

3.2.2.3 Environmental Performance

3.2.2.3.1 Energy Use
Material production of glass is 7.45MJ/kg.  Keoleian, Spitzley, and McDaniel
compiled results of several life cycle assessments of packaging options, which
indicated that 1-liter single-use glass juice containers required higher life cycle
energy and generated a greater mass of solid waste than containers made of the
other materials surveyed in this report with the exception of aluminum.  They also
generated the highest level of airborne and waterborne pollutant emissions with the
exception of aluminum.  The high levels of environmental burdens were primarily a
result of the weight of the containers.

3.2.2.3.2 Raw Material Sourcing
Though the raw materials needed to make glass, sand, soda ash and limestone are
not renewable resources, the abundance of these ingredients is substantial.

3.2.2.3.3 End of Life Considerations
Glass packaging for yogurt would likely be single-use containers, however, glass can
be recycled indefinitely, as the structure does not deteriorate when reprocessed.  In
fact, cullet usage in container manufacturing saves an estimated 23% of the energy
required for virgin glassmaking; it reduces emissions to air, reduces furnace wear,
and reduces solid waste.27  The biggest challenge with glass recycling is that glass
containers must be separated by color and this has been invariably a manual
process.  Thus the coloring agents used to protect the bottled product from the
effects of UV rays also complicate the recycling process.

3.2.2.4 Consumer Perception

3.2.2.4.1 Food Security
Glass is chemically inert and provides an ideal barrier to contaminants.  Consumers
are familiar with the varied tamper-proof devices for glass food containers, such as
plastic lid over-wraps and pop-up lids.
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3.2.2.4.2 Marketing Potential
Glass can be produced in numerous different shapes and colors, and also be labeled
using various technologies.  In this way, bottles and jars can be customized to suit
their contents.  Pressure-sensitive, heat-transfer, and applied ceramic labeling all
provide a no-label look, while roll-fed paper and polystyrene labels and shrink films
provide 360° of graphic coverage. Pressure-sensitive labeling usually consists of inks
printed on clear film, allowing consumers to see the product through the label.

3.2.2.4.3 Perception of Quality
Because of a long-held association between glass packaging and product quality,
glass containers can enhance a product's image.28  Glass packaging has been used in
this way with popular new product categories such as new age beverages and drinks
enhanced with herbal supplements.  Consumers still see resplendent glass packages
showcasing the finest perfumes, the most distinguished wines; these impressions
reinforce the association of glass packaging with a quality product.  At the same
time, the use of glass packaging is also often equated with an expensive product,
which may be negatively perceived by customers.

3.3 Petroleum-Based Plastics

3.3.1 Polyethylene Terephthalate (PET)

3.3.1.1 Background
Polyethylene-terephthalate (PET) is a petroleum-based polymer formed by
combining the monomers modified ethylene glycol and purified terephthalic acid.
PET is currently used for bottles, containers, films and trays for a wide variety of
foods.  PET containers are commonly used for small mouth bottles for products such
as soda, mouthwash, salad dressings, and edible oils although wide mouth PET
containers are becoming popular for foods such as peanut butter and pickles.  PET is
also widely used for cereal box liners, boil-in-the-bag pouches, and microwave food
trays.

PET bottles are formed in a two-stage process that involves injection molding a
preform and then blow molding the preform into the bottles shape.  PET trays are
typically formed using a thermoforming process, while box liners use a film
extrusion process.

3.3.1.2 Physical Attributes
PET bottles have taken over market share from glass bottles for a variety of reasons
including economics, reduced container weight and shatter resistance.  PET also
provides a good barrier for both flavors and hydrocarbons.  The heat resistance of
PET varies with the grade of resin and processing method but will easily meet the
specifications required for yogurt packaging.  PET is translucent and therefore
additives would be required to provide UV protection.
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3.3.1.3 Environmental Performance
The primary criticism of PET as a packaging material is that it is a petroleum-based
polymer and is therefore a non-renewable material.  It does, however, have the
advantage of providing opportunities for source reduction and post-consumer
recycling.

3.3.1.3.1 Energy Use
The material production energy for PET (72.6 MJ/kg) is similar to PP (74.9 MJ/kg).
Feedstock energy accounts for 36.3 MJ/kg of this total.29  The material production
energy from renewable resources is only 0.13 MJ/kg.  The total of material
production and manufacturing energy for PET bottles is 100 MJ/kg compared to 117
MJ/kg for injection molded PP.

3.3.1.3.2 Raw Material Sourcing
Use of PET in packaging has been increasing, particularly as a replacement for
glass.  This changeover is being driven by the fact that PET’s physical properties
allow for downgauging (reducing the wall thickness) when compared to glass, as
well as other materials.  Developments in PET molding technology have also
enabled downgauging in existing PET containers.  The weight of two-liter soda
bottles has been reduced by 29% since 1978.30  This downgauging results in source
reduction and potentially lower environmental burdens.

3.3.1.3.3 End of Life Considerations
PET has an established recycling infrastructure and is one of the most recycled
packaging materials.  The recycle rate for PET soft drink bottles (37.3%) is higher
than the recycle rate for HDPE milk and water bottles (31.3%).  This relatively high
recycle rate is due in large part to the existence of a Bottle Bill deposit on soft drink
bottles in several states.  The recycling rate for other PET containers is 10.4%
compared to 18.5% for other HDPE containers.31  The recycling rates of PET
packaging, excluding bottles and containers, is negligible.

According to the National Association for PET Container Resources (NAPCOR), in
1998 20 reclamation plants produced 588 million lbs. of clean PET flake which was
used in the manufacture of new PET bottles, fiber, film, sheet, strapping and
compounds.  In fact, half of all polyester carpet manufactured in the U.S. is made
from recycled PET bottles.  While recycled PET can be used in a wide variety of
products, the market for recycled PET is dependent on the price of virgin PET.

3.3.1.4 Consumer Perception
PET is used in many food contact applications and is generally considered to be a
safe material.  Consumers are accustomed to purchasing food in PET containers and
appreciate its recyclability.  One health concern is that PET does contain
phthalates, which are known to cause liver and kidney damage, reproductive
damage and in some cases are carcinogens.32  Phthalates are commonly used as
plasticizers in flexible PVC.  However, the phthalates in PET differ from those in
PVC in that they are bound to the polymer itself, and do not readily leach out of
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PET products.33  PET products often require the use of other additives, such as UV
stabilizers and flame retardants, which may pose other health concerns.

3.3.1.5 Economic Considerations
There are several characteristics of PET that negatively impact the economic
feasibility of it as a yogurt container.  PET is relatively expensive material when
compared to PP or HDPE.  According to Schmalbach-Lubeca, a leading PET
packaging manufacturer, the additives required to protect the contents from UV
light will add additional expense.34  In addition, most PET containers have relatively
expensive screw-top closures, not snap-on lids like the ones currently used for
packaging yogurt.  Most PET containers currently in use have paper or plastic film
labels, which would also be an additional expense.

3.3.2 Polystyrene (PS)

3.3.2.1 Background
Polystyrene is made from styrene, a petroleum by-product, through a polymerization
process.  Polystyrene is commonly used for disposable products used in the food
service industry, as well as many types of food containers.  The polystyrene used in
the food service industry is typically either foamed polystyrene, used for hot
beverage cups and clamshell containers, or oriented polystyrene sheet (OPS) used
for trays and salad boxes.  General-purpose polystyrene (GP) and high impact
polystyrene (HIPS) are often used in containers for yogurt and other dairy products.

Polystyrene thermoformed containers are used for single serving yogurt containers
by Dannon and other yogurt manufacturers.  Polystyrene yogurt containers are
more common in Europe than in the U.S.

3.3.2.2 Physical Attributes
Polystyrene can be thermoformed with a deep draw, which enables yogurt
containers to be manufactured with relatively thin walls.  This downgauging can
result in cups with lower weights than those made of PP; however, the rigidity and
structural integrity of the cups is dependant on wall thickness and may also be
reduced.  The stackability and resealability characteristics are expected to be
similar to those of PP containers.

PS has a lower impact resistance than PP and is therefore more prone to cracking.
The impact resistance is dependent on the blend of PS (GP or HIPS) and the rubber
content.  PS yogurt containers in Europe typically have higher rubber content (8%-
9%) than those produced in the US (5%-6%) and are therefore more impact
resistant.35

PS has a higher specific gravity than PP (1.05 vs.0.90).  Therefore, given the same
wall thickness, a PS container would weigh 14% more than a PP container.
However, PS has a higher stiffness than PP and therefore has better top loading
performance.36
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3.3.2.3 Environmental Performance

3.3.2.3.1 Energy Use
The material production energy for PS (84.7 MJ/kg) is slightly higher than PP (74.9
MJ/kg).  Feedstock energy accounts for 44.7 MJ/kg of this total.37  The material
production energy from renewable resources is only 0.14 MJ/kg.

3.3.2.3.2 Raw Material Sourcing
Polystyrene is derived from petroleum resources and is therefore classified as a non-
renewable material.  It does have the advantage of providing opportunities for
source reduction but unlike PET, recycled PS is not in great demand.  The PS used
in containers and packaging is recycled at a rate of less than 5%, and therefore most
of the PS containers end up in the landfill.

3.3.3.3.3 End of Life Considerations
Waste-to-energy incineration may be a viable end-of-life alternative for PS.  The
Polystyrene Packaging Council states that when incinerated in a properly operated,
modern incinerator, the high energy content of PS contributes to a more efficient
and cleaner burn.  Carbon dioxide, water and trace amounts of ash are the primary
outputs from the incineration process.  During incineration, polystyrene releases
most of its energy as heat and the ash that remains represents a material reduction
of more than 99% by volume.38

3.3.2.4 Consumer Perception
Polystyrene meets the U.S. FDA standards for food packaging, however, there are
concerns about chemicals released during production and when PS is burned.
Production of PS involves benzene, styrene and 1,3-butadiene, which are known or
suspected carcinogens.39  When PS is burned, there is the potential for the formation
of styrenes and PAHs.

The thermoformed PS yogurt containers currently used by Dannon and other
manufacturers have an overall appearance that may convey the perception of lower
quality when compared with injection molded PP containers.  The thin walls, rough
edges and lower quality graphics all contribute to this perception.  PS cups also
have a lower gloss and less impact resistance than typical PP cups.

3.3.2.5 Economic Considerations
The design of the container significantly affects the cost of the container and the
type of filling and palletizing equipment required.  It would be expected, however,
that the downgauging potential of the PS thermoforming process could reduce the
cost of the yogurt containers when compared to injection molded PP containers.  On
the other hand, switching to a thermoformed PS container would probably require
Stonyfield to make investments in filling and palletizing equipment since the shape
and configuration of these containers can vary significantly from the existing
injection molded PP containers.
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3.4 Natural Resins and Biodegradable Plastics
The resins used to make biodegradale plastics fall into two broad categories: natural
and synthetic.  Natural resins (or bio-poylymers) are largely based on renewable
resources such as starch and cellulose, and polyhydroxalkanoate (PHA) produced by
microbes.  Other polymers such as proteins and pectins may also potentially be
developed for biodegradable plastics and polymers.  Polyactides (PLA), i.e. alipatic
polyesters formed by polymerization of lactic acid is usually included in this
category since the monomer can be produced by fermentation.  Synthetic polymers
are made of petroleum-based and other feedstocks and include polyester and
polyethylene polymers.  Examples of biodegradable, synthetic polymers are
polycaprolactone (PCL), a thermoplastic polyester resin, and polybuthylene.40

3.4.1 Polylactide (PLA)

3.4.1.1 Background
PLA is a renewable resource based thermoplastic material made up of long polymer
chains of lactic acid.  The lactic acid is produced through fermentation of sugar.  The
lactic acid then undergoes a polymerization process to create the polymer chains.
The sugar used as the feedstock for PLA is typically derived from corn, wheat or
sugar beets.

Cargill and Dow Chemical created a joint venture, Cargill Dow Polymers (CDP) to
manufacture and market polymers based on renewable resources.  PLA polymers
are the first products of CDP and are marketed under the NatureWorks trademark.
CDP is currently producing PLA in development quantities in the Savage,
Minnesota facility.  CDP is constructing a world-scale PLA manufacturing facility in
Nebraska, which will have an annual capacity of 154,000 tons.  It is expected to be
completed in early 2002.  CDP is the first company to manufacturer PLA in the
United States.  Worldwide, other companies have plans to produce PLA, such as
Shimazu and Mitui in Japan.41

CDP’s PLA polymer has already been used to manufacture yogurt cups.  Danone
began selling yogurt in a single serve thermoformed PLA cup in Germany in early
1998.42   The PLA was produced in the U.S. using sugar beets imported from Spain.
The sugar beets were used rather than corn since the corn grown in the U.S. was
likely to incorporate genetically modified organisms (GMO’s).  Danone’s motivation
for using PLA for the yogurt cups was to bring compostable yogurt containers into
the marketplace.  Danone had a one-year exclusive agreement on the technology
within the dairy industry.  The PLA cup was withdrawn from the market in
January 1999.  Danone cited German recycling regulations as the reason for the
withdrawal.  Regulations required that the cups be disposed of with other plastic
containers rather than with compostable kitchen scraps.  As a result, the
composting of the cups was not being achieved.43  One possible obstacle in
composting the cups was Danone’s use of an aluminum foil seal.  Cargill Dow is
working on a PLA coated paper seal as a means of overcoming this obstacle.44
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PLA is being used or targeted for use in a wide variety of applications.  PLA’s
characteristics make it suitable for fiber and nonwoven applications, such as for
apparel, furnishings and industrial fabrics.  Properties such as clarity, gloss, heat
sealability and printability make PLA a good candidate for flexible film applications.
PLA has also been successfully used as a coating for paper food and dairy
packagings.

3.4.1.2 Physical Attributes
Yogurt cups can be made out of PLA using both injection molding and
thermoforming processes; however, the preferred process will likely be
thermoforming.  Injection molded PLA cups require up to 60% longer cooling times
than PP injection molded cups, which would result in longer cycle times and
increased manufacturing costs.45  Thermoforming of PLA is likely to be possible on
existing PS thermoforming equipment.  PLA and PS have similar shrink properties
making the use of the same cup molds a possibility.  PP shrinks more than PLA or
PS and therefore different molds are likely to be required.  Another consideration is
the motor size on the extruder.  PLA extrusion requires approximately 20% more
horsepower than either PP or PS and therefore an upgrade may be required.46  On
the other hand, PLA can be processed in extruders with shorter length-to-diameter
(L/D) ratios than either PP or PS.  This is an economic benefit since extruders with
shorter L/D ratios are less expensive.  The thermoforming rate of PLA is
approximately the same as PS and 21% faster than PP.

Literature provided by CDP indicates that the wall thickness of thermoformed PLA
containers can be downgauged compared to thermoformed polystyrene containers.
This would indicate a reduction in the quantity of material used, however, it is
important to consider the specific gravity of the materials as well since the
environmental burdens and cost of a container are related to weight rather than
wall thickness.  The specific gravity of PLA (1.25) is higher than both PS (1.10) and
PP (0.90).  Therefore, with a given wall thickness, the PLA container would weigh
12% more than the PS container and 28% more than the PP container.  However,
Cargill Dow claims that thermoformed PLA cups can have up to a 10% reduction in
wall thickness compared to thermoformed PS cups.  This is due in part to the higher
stiffness of PLA, which contributes to PLA’s superior top load strength.

Assuming that the configuration of the PLA containers would be similar to the
current configuration, attributes such as stackability and resealability would be
expected to be similar to those of the current cups.  The impact resistance of PP is
higher than PLA, which may be a concern, particularly for the 32 oz. container size.
PLA also becomes brittle at freezing temperatures and therefore may not be suitable
for frozen products.

PLA has good UV stability and is not susceptible to oxidization and therefore would
not require UV stabilizers or antioxidants when used in yogurt cup applications.  PP
and HDPE both require the use of antioxidants when used for yogurt applications.
PLA is a transparent material and therefore would require a pigment additive to
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achieve the desired opaqueness.  If a pelletized color concentrate is used, the carrier
resin should be a biodegradable polymer in order to maintain the biodegradable
properties of the containers.  Danone used a PLA-based color concentrate.  The
pigment itself was titanium dioxide, the same pigment currently used in Stonyfield
Farm containers.  Cargill Dow said that the titanium dioxide would not prevent the
PLA cup from being classified as biodegradable.

According to Cargill Dow, Danone successfully used a yogurt fill temperature of
113°F with the PLA cup.  It is important to note that PLA does undergo severe
shrinkage at 116-122°F.  High filling temperatures and printing that uses heat
during the drying process are therefore concerns.  Cargill Dow said that the UV cure
inks currently used on the Stonyfield Farm cups would not pose problems.  They
also noted that a crystalline version of PLA is capable of withstanding exposure to
boiling water.

PLA has the potential to be used in many components of Stonyfield Farm’s yogurt
PDS.  In addition to the cup, lids can also be injection molded or thermoformed.
Seals can be produced using a PLA coated paper.  PLA may also be used to coat the
paper containers used for frozen products.

3.4.1.3 Environmental Performance
PLA has been touted as having environmental benefits that include reduced fossil
fuel use, reduced carbon dioxide emissions and reduced solid waste when compared
to petroleum based polymers.  The life cycle environmental burdens, however,
depend significantly on the sources of process energy and the method of disposal at
end of life.

3.4.1.3.1 Energy Use
The material production energy for PLA is expected to be 56 MJ/kg, excluding
feedstock energy.47  Much of this energy comes from coal and natural gas, which are
the primary fuels used in the corn-farming and corn-processing industries.  This is
compared with 30.2 MJ/kg of material production fuel energy for PP, of which fossil
oil is the primary source.  Feedstock energy of PLA is 19.5 MJ/kg, which is
significantly less than the 44.7 MJ/kg of feedstock energy for PP.  The feedstock
energy of PLA is also from renewable resources.
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Figure 3-1: PLA Energy Requirements
* Plant-based plastic energy data source: Scientific American, August 200048

3.4.1.3.2 End of Life Considerations
The potential for reduced solid waste burdens for PLA is due to the fact that PLA is
both biodegradable and recyclable.  Before this potential can be realized, however,
communities must develop an infrastructure that provides for the composting and
recycling of PLA at end-of-life.  This is a major hurdle since the composting is not
currently available in most communities and a market for recycled PLA does not
exist.

Waste to energy incineration is another end-of-life option for PLA since PLA burns
much like paper, cellulose and carbohydrates.  It does not contain aromatic groups
or chlorine and produces 0.01% ash.

3.4.1.3.3 Genetically-Modified Inputs
Since PLA relies on fermentation to convert sugar to lactic acid, the raw materials
do not require genetic modification.  CDP states that its PLA does not contain
genetically modified material, however, the corn that currently constitutes the
feedstock is harvested from Iowa (95%) and Nebraska (5%) and contains a mix of
genetically modified and conventional corn.49.  Danone used sugar beets from Spain
to avoid the use of genetically modified organisms in its Eco-Cup.  The challenge for
Stonyfield Farm would be to find a raw material source that was both GMO-free and
economical.

3.4.1.4 Consumer Perception
The consumer acceptance of PLA as a yogurt container material would be expected
to be good on the basis that it is derived from renewable resources rather than fossil
fuels.  It also has the advantage of not requiring additives other than a pigment.50
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Health concerns would also be somewhat appeased by the fact that it has been
affirmed by CDP and a panel of outside experts to be Generally Recognized as Safe
(GRAS), permitting use in direct contact with aqueous, acidic and fatty foods under
140oF and aqueous and acidic drinks served under 195oF.51  CDP is currently
conducting research on the use of PLA for a variety of food container applications
and results of this research should be available in 2002 when PLA becomes
commercially available.  PLA does not currently have FDA approval, however, CDP
stated that the GRAS certification would allow it to be used for food contact
applications.

Consumers may have concerns about the use of genetically modified corn as
feedstock.  However, unlike some other biopolymers, PLA does not require the use of
GMO feedstock crops.  Given Stonyfield’s opposition to GMOs, sources of non-GMO
feedstock crops may be required.

Photos of the PLA yogurt container in the CDP brochure indicate that container
designs could portray an image of quality.  Multi-color printing is possible and the
container would have space for graphics in line with those used on Stonyfield’s
current yogurt containers.

3.4.1.5 Economic Considerations
The price of PLA polymer is expected to be significantly higher than that of PP or
PS in the short term; however, prices are expected to become more competitive as
the new CDP plant comes on-line and efficiencies of scale are achieved.  Cargill Dow
says that production in the Savage, Minnesota plant is sold-out for 2001.  The price
for PLA is currently approximately $1.50 per pound.  With the Nebraska plant
coming online in 2002, prices are expected to drop to $0.90 per pound.  Over the next
five to ten years, prices are expected to reach $0.70 per pound.

The manufacturing costs would be expected to be competitive with PP and PS
thermoforming considering that PLA polymers are suitable for use with existing
fabrication methods.  It would not be expected that changes to the filling and
palletizing equipment currently used by Stonyfield would be required since the
container design can be similar to current design.

3.4.2 Polyhydroxalkanoate (PHA)

3.4.2.1 Background
PHA is an abbreviated chemical name for a naturally occurring form of polyester.
The first PHA was identified in 1925 in France and since then, over one hundred
different forms of PHA have been discovered and described in the scientific
literature.52  In response to the oil crises of the 1970s, Imperial Chemical Industries
(ICI) established the first industrial-scale process to convert plant sugar into several
tons of PHA a year.53
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Two distinct processes are employed to produce PHA: 1) production directly in plant
matter and 2) fermentation of sugars.  The fermentation process is the older of the
two, and it holds more promise due to its lower process energy requirement.  See
figure 3-2 for a graphical representation of the processes used to make PHA.

Figure 3-2 PHA Energy Requirements
* Plant-based plastic energy data source: Scientific American, August 200054

According to Metabolix, a company that plans to produce PHA on an industrial scale
using transgenic organisms, variants of the material are suitable for extrusion,
injection molding, and coating applications.55  Commercially, PHAs have been used
for cosmetic bottles and paper coatings. Other uses of PHA include biomedical
applications, such as long-term drug delivery or orthopedic repair.56

In 1993, a promising variety of PHA, polyhydroxybutyrate (PHB), was developed by
ICI (later Zeneca) and eventually acquired by Monsanto.57  After the acquisition,
Monsanto planned on producing a bioplastic under the trade name Biopol™.
However, in October 1998, Monsanto made the decision to withdraw from this
business due to higher than expected production costs compared to conventional
polymers.58

3.4.2.2 Physical Attributes
PHAs come in a wide range of physical properties, from stiff thermoplastics to more
flexible rubbery materials.  Also possible is the blending of PHAs with other
polymers to achieve tailored properties for selected applications.59  Considering
PHAs’ variety of properties, it can be used for yogurt cups, lids and even seals.60
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Because PHA has not previously been used for yogurt containers, it is difficult to
determine the minimum wall thickness and the weight of the containers.  Other
physical properties, such as temperature resistance and top loading strength, also
remain unknown.  However, with the range of physical properties stated above, it is
probably safe to assume that characteristics similar to PP can be achieved.  So,
opaqueness, resealability and other attributes should meet Stonyfield Farm’s
specifications.

3.4.2.3 Environmental Performance

3.4.2.3.1 Energy Use
The fuel energy of PHA at 90 MJ/kg for production inside plants and 81 MJ/kg for
the fermentation process is comparable to the entire material production energy of
commercial plastics such as PP and PET.  Figure 3-2 shows the energy required for
each process and compares the totals to selected polymers.  Today, research is being
performed on the use of transgenic plants that may reduce the energy required to
produce PHA.  Until there is a technological breakthrough, more fossil fuels will be
consumed to produce PHA than PP and other commercial scale plastics.

3.4.2.3.2 Raw Material Sourcing
A positive attribute of PHA is that it is produced from all renewable resources.  For
the fermentation process, naturally formed sugars (sucrose and dextrose) are the
only raw material.  And in the case of transgenic plant crops the only inputs to the
feedstock are the fuels of photosynthesis, carbon dioxide and sunlight.

3.4.2.3.3 End of Life Considerations
The recycling potential of PHA is not known, but with sufficient demand for this
material it is supposed that PHA has the same recycling potential as PET or other
plastics currently on the market.  Another end of life management option is PHA’s
ability to be composted or to biodegrade with a wide range of microorganisms.
Theoretically a biodegradable packaging could virtually eliminate the solid waste
burden at the end of life.  However, today there exist only a few municipal
composting programs in the U.S. for other than yard trimmings.61  Waste PHA can
also be decomposed using a hydrolysis process.

3.4.2.3.4 Genetically-Modified Inputs
A major concern about the production of PHA is that the most promising
technologies utilize genetically modified organisms (GMO).62

3.4.2.4 Consumer Perception

3.4.2.4.1 Food Security
Yogurt containers made from PHA would likely retain the same configuration and
design as the current containers, which have a cup, lid and seal.  So, the packaging
will continue to be tamper resistant.
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A near term concern is that PHA is not approved by the FDA for food packaging.
Metabolix believes that approval will be possible if an application is made.  Also, the
properties of PHAs are commonly manipulated using copolymers and additives.  The
type and concentration of the additives may raise concerns about the possibility of
toxic migration and the material’s ability to be composted.

3.4.2.4.2 Marketing Potential
Since the same container design would be used, the space to communicate
environmental messages would remain unchanged.  Printing PHA should be similar
to decorating PP, so it offers the same flexibility to change design.  However, the
glossiness of PHA containers is not known.

The main appeal of PHA would be that it does not require non-renewable, petroleum
inputs.  Also a plus is the material’s biodegradability.  However, many Stonyfield
Farm customers may reject PHA due to the potential use of GMOs in its production.

3.4.2.4.3 Perception of Quality
Assuming that the finish on PHA containers rivals that of PP, there should be no
concern as to the perceived quality of the product.

3.4.2.5 Cost
The costs of PHAs have been higher than petroleum-based plastics limiting them to
certain niche markets.  Low yields and subsequent high costs are the reasons cited
by Monsanto when they abandoned the PHA market in 1998.  The current price
quoted is approximately four times that of commercially produced plastics.63

However, the price of PHA is expected to fall in the near future with the use of
transgenic technologies.  The trade-off between high costs and the use of GMOs may
forever plague PHA for use in selected niche markets.

3.4.3 Soy Works

3.4.3.1 Background
Soy Works is the company that acquired exclusive worldwide commercial rights the
patented technology developed at Iowa State University (ISU) to turn soybeans into
plastic.  Although the company is still young and in the early stages of product
development, Roy Taylor, the founder and managing member, says that "The list of
potential products is endless -- anything that is made out of plastic -- but we're
focusing on disposable, single use or short-life types of products."64  In a phone
interview, Taylor said that the material is suitable for use with thermoforming,
injection-molding, and compression-molding machinery.  Some of the first products
Taylor expects to be good candidates for soy plastics are disposable ID cards and
labels, disposable cutlery, food packaging, visual tags for bulk commodities,
replacement liners for paper bags, insulated beverage cups and hay and silage
wraps.65   The material does not yet have an official trademark name.  According to
Soy Works literature, BioPlastics Polymers and Composites, Inc. (founded by Prof.
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Narayan of Michigan State University) will handle large-scale piloting, some
manufacture of resin pellets, and production of some molded articles.66

3.4.3.2 Physical Attributes
The main ingredients in the material formulations are standard grades of
commercially available soy protein extracts (isolates, concentrates, and flour). The
underlying technology is a process that uses soy protein and soy composite materials
for the manufacture of thermoplastic resins and molded items.  The soy protein is
combined with water and a proprietary blend of other ingredients, then extruded
and pelletized.  The resulting resin pellets are subsequently hot melted and
processed into a variety of molded items.

The Soy Works material is not currently FDA approved for food packaging, although
one group of formulas is all food grade or GRAS, the other group consists of
composites with other biodegradable materials.  Small amounts of synthetic
biodegradable polymers are added to some composites to enhance physical
properties for specific applications.  It is not a requirement for all formulations.

Also, thus far, only smaller size cups  (under 4 oz.) have been designed for non-food
applications.  The company has yet to research larger container sizes and test for
performance (brittleness and flexibility), durability, and top-loading strength.
Materials are all 100% biodegradable and compostable.  They are marine
degradable, as well.  In one lab composting study of extruded sheets there was 100%
weight loss in less than 60 days.  The product also has not been tested with live
bacteria cultures.  More research would be necessary to determine if the
biodegradable, starch-based container would be suitable for refrigerated yogurt.

Competitively, the ISU technology yields products that are distinctive with respect
to other identified degradable products.  The material claims to offer a combination
of many desirable technological components and environmentally friendly
characteristics:67

Derived from non-petroleum, renewable resource YES
Low energy consumption of manufacturing process YES
Aerobic and anaerobic biodegradability/compostability YES
Marine degradable YES
Animal edible formulas possible YES
Processed using standard equipment YES
Low capital investment required for market entry YES
Degradation by-products non-toxic YES

One of the few limitations on this material is that it cannot create something which
is transparent, nor a bright white (the natural colors are shades of brown).  The
material can be colored and applying graphics or labels should not be an issue.
They have successfully laminated paper to the material during the molding process
and without the use of adhesives.  A paper laminate version would have unlimited
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color and graphics potential.  Taylor is optimistic that applications will be scalable
and that there will be few barriers to commercialization of Soy Works products.

3.4.3.3 Environmental Performance

3.4.3.3.1 Energy Requirement
Regarding energy requirements, the company’s materials are processed at much
lower temperatures than conventional plastics.  “Our resin is prepared at essentially
room temperature.  Some heat is applied when the resin mixture (think pasta
dough) is run through an extruder to create "noodles" which are either fed into a
pelletizing machine (that simply cuts the strands into little pellets) or fed directly
into a molding machine (e.g., injection molding).  If you are making resin at one site
and molding at another, you ship resin pellets that are subsequently hot melted and
fed through another extruder.  Resin pellets are hot melted before molding at
around 150 degrees Celsius.  Because we start at a lower temperature, and because
the material cools rapidly, cycling times on machines should be able to be quicker
than for conventional plastics.”68  No LCA data is available for Soy Works materials.

3.4.3.3.2 Genetically-Modified Inputs
In 1999, 47% of the soybean crop grown in the United States was genetically
modified.69  GMO-free soy products are widely available in the U.S., and Soy Works
has already verified that by the time it goes into commercial production, there will
be no problem obtaining non-GM soy.  It could even be organic if desired, although
that could impact pricing.70   

3.4.3.4 Economic Considerations
The company projects its resin prices to be very competitive with plastic resins and
likely to be cheaper than other biopolymers developed for comparable applications.
Taylor thinks he will have resins well under $2.00 per pound, and some
formulations could be in the $1.00 per pound range.71

Because there appear to be so many potential applications for Soy Works products,
decisions are still being made as to where to invest company time and resources.
There are no immediate plans to develop plastic food containers further, unless
there is a demonstrated market and sufficient demand.  If Stonyfield Farm were
interested in pursuing this option, Taylor did express his willingness to discuss
further collaboration. He said, “We are actively seeking to partner with commercial
companies interested in collaborating on development of specific products.  While we
have not begun commercial production, no major technical obstacles have been
identified.  In the short term we will outsource resin manufacture with one or more
companies with whom we have already formed alliances.”72

3.4.4 Synthetic Biodegradable Polymers

3.4.4.1 Background
Synthetic, petroleum-based polymers can be made to biodegrade in the natural
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environment.   The first material in this class was PCL, which was discovered in
1934.  Since then many other materials have been developed including BASF’s
Ecoflex, Dupont’s Biomax® and Eastman Chemical’s Eastar Bio COPE.   Synthetic
biodegradable polymers can be used in a wide range of applications from films to
paper coatings to injection molding.

Biomax® is hydro/biodegradable and fully compatible with recycling technologies73.
Biomax® is intended mainly for disposal by composting and in-soil degradation.
Biomax is suited for single use products such as: films for food packaging, paper
coating, injection molding applications and thermoforming applications.

BASF produces Ecoflex®, a biodegradable LDPE-like plastic.  BASF reports sharp
demand growth for its Ecoflex® copolymer1.  It introduced Ecoflex® in 1998 for use
in biodegradable coatings, foam, and textile fibers applications.  BASF says the food-
packaging sector will be a key future market for Ecoflex®.   Unfortunately, Ecoflex
is used only in film applications and is not suitable for yogurt containers, although,
it could be considered for a coating for paper containers to make the entire pack
compostable.

3.4.4.2 Physical Attributes
Like the many of the other plastic materials described in the survey, biodegradable
polymers would likely maintain the same configuration currently used.  However, it
is likely that the primary packaging would be heavier due to Biomax (1.35g/cm³)
being a significantly denser material than PP (0.90g/cm³).  It is possible that a cup
using Biomax could have a thinner wall, but it is unlikely that it could be 40%
thinner than the already slim wall containers.

A common concern with biodegradable packaging is their shelf life.  However, yogurt
and other similarly perishable products are a good match for Biomax’s 6 to 12
month storage life.  Other properties, such as melting point, stackability and
opaqueness, either meet or exceed the parameters specified by Stonyfield Farm.

3.4.4.3 Environmental Performance

3.4.4.3.1 Energy Requirement
No reliable information regarding the material production energy of this class of
polymers could be located.

3.4.4.3.2 Raw Material Sourcing
The feedstock for Biomax and other synthetic biodegradable polymers is oil and
natural gas.  So, no advantage can be found over the existing PP cups in the area of
raw material sourcing.  In actuality, more petroleum may be used since the
packaging would likely be heavier.

                                             
1 Ecoflex is called “copolymer” because it is produced by mixing renewable materials such as
starch and conventional polymers.
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3.4.4.3.3 End of Life Considerations
At disposal, these biodegradable polymers have the ability to drastically reduce the
life cycle solid waste burden since the are harmless to the environment at every
stage of the decomposition process.  However, these plastics and other biodegradable
materials will not decompose in landfills.  To reap the full benefit from
biodegradable polymers, they must be properly composted.  Unfortunately,
composting infrastructure in the U.S. for materials other than yard trimmings is
underdeveloped.  Biomax® is also fully compatible with other recycling technologies,
such as hydrolysis74.

3.4.4.4 Consumer Perception

3.4.4.4.1 Food Security
Producers of biodegradable polymers are enthusiastic about the potential to use
these materials for food packaging. Eastar Bio COPE meets compositional
requirements for a variety of food-contact applications75. And Biomax is suitable for
food packaging films. BASF says the food-packaging sector will be a key future
market for Ecoflex76.  However, since this research could not identify the technical
information about toxicity of these materials, further investigation will be required
to identify the safety for the direct-food contact and FDA approval status.

Tamper-proofing and toxic migration issues of synthetic resins are similar to that of
PP and other petroleum-based plastics.  More information about the additives
required in the production of yogurt containers would need to be investigated.

3.4.4.4.2 Marketing Potential
Although synthetic biodegradable plastics do not reduce the non-renewable material
input into their production system, their compostable features should appeal to the
environmentally conscious consumers. It is assumed the performance in printing,
design, and graphic space for communication is the same as those of PP, however
further investigation is required.

3.4.4.4.3 Perception of Quality
From the research performed for this survey, it seems that biodegradable synthetic
materials are largely unknown by the majority of consumers.  Therefore, it would be
important to communicate with customers about the features of these synthetic
biodegradable polymers.

3.4.4.5 Economic Considerations
The price of Biomax® is slightly higher than conventional polymer materials77, and
it is likely that more material is needed than the existing cups.  Therefore, it is
expected that replacing PP cups with synthetic biodegradable polymers would raise
packaging costs.
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3.4.5 Starch-based Biodegradable Polymers

3.4.5.1 Background
This is a new category of polymers made from both renewable (vegetable starch) and
non-renewable (petroleum) materials.  The most notable producer of starch-based
polymers is Novamont, who produces Mater-Bi™ at its plant in Terni, Italy.78

Research on this family of plastics is also proceeding in the U.S. at Michigan State
University and other locations.  Unfortunately, today no commercially available
starch-based biodegradable polymers are suitable for yogurt containers.

The Novamont product, Mater-Bi™, is made of corn-based starch, polycaprolactone
(PCL - a synthetic biodegradable polymer) and natural additives.  This starch-based
polymer is a thermoplastic material, which can be processed with the same
machines traditionally, used to process conventional plastics.  Its physical and
chemical properties are similar to those of polyethylene (PE), but Mater-Bi™ is
completely biodegradable.79  Although, cutlery made from Mater-Bi™ has been used
for the past two years by McDonald's restaurants in Austria and Sweden, experts at
BiocorpUSA, the U.S. dealer of reSource™80 confirmed that this starch-based
polymer was not suitable for yogurt containers.81

During the research phase of the survey, Dr. Ramani Narayan a professor of
Chemical Engineering at Michigan State University and expert in biodegradable
plastics was contacted.  He has developed a polymer that combines modified starch
and modified PCL using a reactive extrusion process.  This material was alleged to
achieve higher performance than Mater-Bi and be suitable for yogurt packaging.  At
the time this report was written, this material had only been produced on a small
scale, but Dr. Narayan believed that this technology would be licensed for
commercial production in the near future.
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4. MATERIAL EVALUATION

In deciding which materials would make the most appropriate choices for further
study, three broad categories were defined and used to compare the various options:
Sustainability, Feasibility, and Marketability.  Figure 4-1 shows the criteria
evaluated in each of these three categories.  The figure also includes the weighting
factors that were used to favor criteria judged to be most important to Stonyfield
Farm.

Figure 4-1:  Evaluation Criteria

Criteria Weighting Factor
Sustainability

GMO-Free 10
Weight 10
Energy Use 8
Renewable Material 7
Recyclability 6
Renewable Energy 6
Biodegradability 3

Feasibility
Availability 10
Material Cost 8
Durability 6
Switching Cost 6
Structural Integrity 4
Opaqueness 2

Marketability
Customer Perception 10
Appearance 8
Food Security 6
Labeling 6
Quality of Printing 4

Sustainability encompasses the environmental performance and characteristics of
surveyed materials.  Specifically, material renewability, recyclability,
biodegradability, energy efficiency, weight, and genetically-modified inputs were all
taken into consideration.  In this category, LDPE Coated Paper and PLA Coated
Paper performed well, since the primary material input is wood, which is renewable
and GMO-free.  Aseptic packaging also performed well since it has low weight,
significant renewable content and is GMO-free.  Synthetic Biodegradable Polymers
performed poorly because they are derived from a non-renewable material source
and are not recyclable.  PHA received a low score due to its reliance on GMO crops.
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Figure 4-2:  Sustainability Evaluation
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Feasibility examined the relative cost, durability, strength, material availability,
switching costs, and other packaging performance criteria.  This category was
intended to illuminate which materials could reasonably be substituted for
polypropylene without exorbitant costs, supplier concerns, or compromised
performance.  Polystyrene performed on par with PP with its low container weight
contributing to lower material costs.  PLA ranked high for Feasibility because it can
be used with existing molding technologies and will be available in 2002.  Aseptic
packaging performed poorly due to questions about its availability for yogurt
containers and high switching costs.  Soy Works was ranked low because it is not
currently available.

Figure 4-3: Feasibility Evaluation
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Finally, Marketability was the category used to characterize packaging appearance
and consumer acceptance.  Labeling requirements and printing quality, food
security, and customer preferences were all part of Marketability.  The renewable
and biodegradable materials scored the highest.  While the scores for most materials
were good, aluminum and PET were by far the lowest performers.  It was generally
assumed that renewable plastics would have labeling and printing quality
comparable to PP.  Paper and renewable plastics also appeal to consumers’
preferences for renewable material.  Aluminum and PET were marked low in
customer perception because they are sourced from non-renewable materials.  These
materials also scored low in labeling and appearance.

Figure 4-4: Marketability Evaluation
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5. CONCLUSION

From the results of this packaging materials survey, it is apparent that there is no
perfect packaging that fulfills all criteria, has superior environmental performance,
and appeals to consumer preferences at a competitive cost.  Similar to other
business decisions, there are trade-offs and compromises that must be made with
respect to yogurt packaging.  The overall material evaluation below integrates the
three categories (Sustainability, Feasibility, and Marketability) used to compare the
various options.  The goal of the survey lead to weighting the Sustainability criteria
more heavily than Feasibility or Marketability.

Figure 5-1: Overall Material Evaluation
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Overall, the best candidates for further study could be narrowed down to LDPE
Coated Paper, PLA Coated Paper and PLA.  PLA and PP received identical scores
with PS falling close behind.  Paper, PLA PP and PS have each been used for yogurt
packaging so it was not surprising that they came out on top.  The greatest obstacle
to recommending PLA is the GMO corn issue.  If PLA were made with certified
GMO-free starch, it would potentially provide the best combination of
environmental performance, strength, durability, and appearance.
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The following summaries provide support for the further study of coated paper and
PLA.

Coated Paper
• Renewable
• Energy efficient
• No GMOs
• Available supply
• Positive consumer perception
• Good labeling and graphics
• Moderate switching costs
• Opaque material

PLA
• Renewable
• Compostable
• Durability and structural integrity
• Meets labeling and printing criteria
• Ensures food safety
• Easily resealable
• Supply is increasing to meet market demand
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RESULTS OF YOGURT CONSUMPTION PHASE ANALYSIS

Refrigeration Calculations

Energy Use for a New Household Refrigerator
To calculate the energy required to refrigerate one functional unit (1,000 lbs.) of
yogurt for each day it remains in the average new household refrigerator, the energy
efficiency and total electricity demand for the appliance was calculated and then
allocated to yogurt based on volume.  Average energy efficiency for an appliance
manufactured after 1995 was found to be 11.2 ft3/(kWh/day) or 0.089 kWh/ft3/day,
and daily energy was 1.96 kWh/day for a 19 cubic foot refrigerator, including the
freezer section.1,2

The refrigerator was assumed to contain a total volume of 9 ft3 of food on average
and 10 ft3 of unused refrigerated space.  The energy used to cool the unused space
was allocated to the contents on a proportional basis to account for all electricity
used by the appliance.  The yogurt containers were assigned a portion of the energy
based on their relative volume to the total food volume in the refrigerator.

The dimensions and volume for each container size or pack are shown in the table
below.  The 2 oz. squeezable product is sold eight to a carton, and the 4 oz. container
is sold in a six-pack. All other sizes are sold individually.  The volume calculated in
Table B-1 for the 2 oz. and 4 oz. sizes is for the entire carton/pack.  The volume
calculated for all other sizes is for a single container.

Table B-1: Dimensions of Yogurt Packaging

Container
Size

Height
(ft)

Width
(ft)

Length
(ft)

Radius
ft)

Volume
(ft3)

2 oz 0.3125 0.1667 0.6979 0.0364
4 oz 0.2046 0.4063 0.6510 0.0541
6 oz 0.2275 0.1304 0.0122
8 oz 0.2717 0.1304 0.0145
32 oz 0.4458 0.19 0.0505

Based on the container volume, the total volume (container and allocated unused
space) was found for each size.  The combination of container and the allocated
space is approximately double the container volume alone.  Once the total volume
was known, the energy could be calculated.  The calculation for energy was simply
the volume multiplied by .089 kWh/ft3/day.  The results for one container or pack
are as follows.
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Table B-2: Volume and Energy for Single Container (or Pack)

Container
Size

Container
Volume

(ft3)

Space
Allocated

(ft3)

Total
Volume

(ft3)

Energy
(kWh/day)

2 oz 0.0364 0.0404 0.0767 0.0069
4 oz 0.0541 0.0601 0.1142 0.0102
6 oz 0.0122 0.0135 0.0257 0.0023
8 oz 0.0145 0.0161 0.0306 0.0027
32 oz 0.0505 0.0562 0.1067 0.0095
Note: Energy reported is the kWh/day used for refrigeration, not the primary (embodied) energy from natural resources.

Next, the energy was converted to primary energy using an efficiency factor for
electricity generation for the United States of 32%.3  Primary energy is the energy
embodied in resources (coal, natural gas, biomass, etc.) as they are found in nature
and that is consumed to deliver electricity.  Mathematically, primary energy is
equivalent to the electric energy divided by the efficiency factor.  Primary energy in
kWh/day was then converted into MJ/day.  Finally, the primary energy in MJ/day
was multiplied to find primary energy per day per functional unit (FU) of yogurt.4

Table B-3: Energy for One-Day Household Refrigeration

Energy
Container

Size
kWh/day MJ/day MJ/day/FU

2 oz 0.0214 0.0771 77.08
4 oz 0.0319 0.1147 76.49
6 oz 0.0072 0.0258 68.71
8 oz 0.0086 0.0308 61.53
32 oz 0.0298 0.1072 53.58
Note: Energy reported is the primary (embodied) energy from natural resources.

Comparison to PDS Life Cycle Energy
Once the primary energy requirements were for household refrigeration computed,
they were compared to PDS total life cycle energy requirements, excluding any
refrigeration or dishwashing.  For a single day of storage, household refrigeration is
approximately 2% of total life cycle energy.  When yogurt containers are kept in the
refrigerator longer, the energy demand and percentage of total energy naturally
increases, as well.  Table 5-10 below shows the impact of keeping yogurt
refrigerated for one, three, and six days and how that compares to total energy for
the other life cycle phases.  The “Total Life Cycle” column in the table refers to the
sum of energy consumed during Manufacturing, Material Production, Filling, End-
of-Life, and all Distribution phases excluding household refrigeration.  Refrigeration
at the distributors/ retailers and during transport was not included the scope of this
study.
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Table B-4: Household Refrigeration and Life Cycle Energy Comparison

Energy in MJ/FU
Household RefrigerationContainer

Size 1 Day 3 Days 6 Days
Total Life Cycle

2 oz 77.08 231.24 462.49 3,800
4 oz 76.49 229.48 458.97 4,080
6 oz 68.71 206.12 412.23 4,760
8 oz 61.53 184.60 369.20 4,020
32 oz 53.58 160.75 321.50 2,930

Comparison to Older Refrigerator
In 1987, the National Appliance Energy Conservation Act set minimum standards
for 13 product types, including refrigerators.  At that time, the energy efficiency was
approximately 7.3 ft3/(kWh/day) or 0.137 kWh/ft3/day and, on average, refrigerators
were slightly smaller.5  Using an 18-ft3 refrigerator, including freezer space and
total food volume of 9 ft3, energy requirements to chill yogurt in an older
refrigerator were computed and compared to newer refrigerators.  On average, new
refrigerators consume over 45% less energy to keep an equivalent amount of yogurt
cold.

Table 5-11: Energy Comparison for Old and New Refrigerators
Container

Size
Energy (Old)
MJ/day/FU

Energy (New)
MJ/day/FU

Energy Savings
MJ/day/FU

2 oz 112.04 77.08 34.96
4 oz 111.18 76.49 34.69
6 oz 99.86 68.71 31.16
8 oz 89.44 61.53 27.90
32 oz 77.88 53.58 24.30

This comparison shows that consumer decisions and purchasing behavior do have
an important effect on total life cycle energy consumption.  It could be
communicated to the public that energy and visible cost savings are achievable by
upgrading to more energy efficient appliances and electronics.  They could be
educated on programs such as Energy Star to make sound decisions that can both
benefit the environment and lower their utility bills.  Yogurt that does not require
refrigeration is another possibility for reducing environmental burdens associated
with electricity generation.

Dishwashing Calculations

Energy for Dishwashing
When yogurt is purchased in the 32 oz. container size, it is commonly transferred to
another container or bowl for consumption.  After the yogurt has been finished, the
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bowl must be washed for reuse. Consequently, there are additional water and
energy requirements for dishwashing.  There are a variety of possible household
dishwashing techniques and scenarios (temperature, quantity of water).  The
following calculation gives the energy and water burdens for one typical case.
Assuming it takes 24 oz. of warm water to properly wash a bowl, the following
calculations were performed to quantify these burdens.

The mass of 24 oz. of water is 1.564 lbs. and the estimated temperature change from
cold to warm water is 50oF.6  With 1 Btu per 1oF increase, the energy is found by
multiplying mass by temperature change.  The result is 78.2 Btu.  Using an
efficiency factor for a natural gas-fired hot water heater of 70%, the total combustion
energy is 111.7 Btu.

The next calculation finds the total fuel cycle energy (combustion and pre-
combustion) using a pre-combustion (i.e., extraction, processing, and distribution)
energy factor for natural gas.7  The outcome is that the total energy for dishwashing
one bowl is 125.25 Btu or 0.132 MJ/wash.  If four bowls are used per 32 oz.
container, the energy is 0.528 MJ/container and 264.12 MJ/FU of 1,000 lbs. of
yogurt.8  This is approximately 8% of total life cycle energy for the 32 oz. PP
container.  The water consumption per 1,000 lbs. of yogurt is approximately 375
gallons.  This is a significant quantity of water considering that water used in other
phases of the life cycle is around 155 gallons.

This figure of 0.132 MJ/wash is consistent with a study performed on washing cups
in a dishwasher.  The study concluded that an energy efficient dishwasher gave a
median value of 0.184 MJ per cup per wash.  In that study, the Canadian electricity
generating efficiency factor was used, rather than the U.S. efficiency factor.9

Energy for Utensils
A similar methodology was used to calculate the water and energy used for washing
spoons after eating yogurt.  Only the YoSqueeze products do not require the use of
spoons for consumption.  All other packaging requires the use of a disposable or
reusable spoon.

For this study, it was estimated that reusable spoons require half the amount of
water, or 12 oz, for washing.  All other numbers remain essentially the same.
Therefore, washing a single spoon takes 0.066 MJ/wash and 132.06 MJ per
functional unit, or 2,000 spoon washings.10  Water used is equal to 187.5 gallons.
Again, this is a considerable amount of water.  Washing spoons accounts for roughly
¼ the total life cycle water use of a 32 oz. container.  It would be around 50% of total
life cycle water consumption for both 6 oz. and 8 oz. container sizes and an even
higher percentage (60%) for 4 oz. containers.  Figures 5-51 and 5-52 show the
composition of life cycle energy and water, respectively, for the 32 oz. containers
when the consumption activities of refrigeration and dishwashing are added.  The
energy percentages assume that yogurt is kept in the refrigerator for an average of
three days.  Note that the label “Other Phases” in the figures below refers to the
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total of Material Production, Manufacturing, Filling, End-of-Life, and all
Distribution combined.  The bar graphs in the figures below show the detail for each
of the “Other Phases” separately, as well as for the Consumption phase.

Figure B-1:  Life Cycle Energy for 32 oz Container
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Figure B-2:  Life Cycle Water Consumption for 32 oz Container
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Alternatively, if a disposable polystyrene spoon is used to consume the yogurt and
then thrown away without washing, the environmental impacts are not the same.
In this case, the energy used in manufacturing a 4.2g polystyrene spoon was found
to be 0.366 MJ/ spoon or 732 MJ per functional unit, or 2,000 spoons.  This number
is over 5 ½ times the energy needed for washing and results in greater impacts on
the environment.  It also contributes to the overall solid waste burdens.

This result suggests that consumers should use reusable spoons, not disposable
ones.  They can save up to 600 MJ per functional unit (for 8 oz. servings), and even
more for smaller sizes where more spoons get used.  In summary, these results
demonstrate that consumer decisions and behaviors, not just producer decisions, do
matter and deserve consideration as part of the full life cycle.
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AIR POLLUTANT EMISSIONS

(a) Acenaphthene (C12H10) (a) Cumene (C9H12)
(a) Acenaphthylene (C12H8) (a) Cyanide (CN-)
(a) Acetaldehyde (CH3CHO) (a) Di(2-ethylhexyl)phthalate (DEHP, C24H38O4)
(a) Acetophenone (C8H8O) (a) Dibenzo(a,h)anthracene
(a) Acrolein (CH2CHCHO) (a) Dichlorobenzene (1,4-C6H4Cl2)
(a) Aldehyde (unspecified) (a) Dimethyl Benzanthracene (7,12-C20H16)
(a) Aluminum (Al) (a) Dimethyl Sulfate (C2H6O4S)
(a) Ammonia (NH3) (a) Dinitrotoluene (2,4-C7H6N2O4)
(a) Anthracene (C14H10) (a) Dioxins (unspecified)
(a) Antimony (Sb) (a) Diphenyl ((C6H5)2)
(a) Aromatic Hydrocarbons (unspecified) (a) Ethane (C2H6)
(a) Arsenic (As) (a) Ethyl Benzene (C6H5C2H5)
(a) Barium (Ba) (a) Ethyl Chloride (C2H5Cl)
(a) Benzene (C6H6) (a) Ethylene Dibromide (C2H4Br2)
(a) Benzo(a)anthracene (a) Ethylene Dichloride (C2H4Cl2)
(a) Benzo(a)pyrene (C20H12) (a) Fluoranthene
(a) Benzo(b)fluoranthene (a) Fluorene (C13H10)
(a) Benzo(bjk)fluoranthene (a) Fluorides (F-)
(a) Benzo(ghi)perylene (a) Fluorine (F2)
(a) Benzo(k)fluoranthene (a) Formaldehyde (CH2O)
(a) Benzyl Chloride (C7H7Cl) (a) Furan (C4H4O)
(a) Beryllium (Be) (a) Halogenated Hydrocarbons (unspecified)
(a) Bromoform (CHBr3) (a) Halogenated Matter (unspecified)
(a) Butane (C4H10) (a) Halon 1301 (CF3Br)
(a) Cadmium (Cd) (a) Hexane (C6H14)
(a) Calcium (Ca) (a) Hydrocarbons (except methane)
(a) Carbon Dioxide (CO2, biomass) (a) Hydrocarbons (unspecified)
(a) Carbon Dioxide (CO2, fossil) (a) Hydrogen (H2)
(a) Carbon Disulfide (CS2) (a) Hydrogen Chloride (HCl)
(a) Carbon Monoxide (CO) (a) Hydrogen Fluoride (HF)
(a) Carbon Tetrachloride (CCl4) (a) Hydrogen Sulfide (H2S)
(a) CFC and HCFC (a) Indeno (1,2,3,c,d) Pyrene
(a) Chlorides (Cl-) (a) Iron (Fe)
(a) Chlorinated Matter (unspecified, as Cl) (a) Isophorone
(a) Chlorine (Cl2) (a) Lead (Pb)
(a) Chloroacetophenone (2-C8H7ClO) (a) Magnesium (Mg)
(a) Chlorobenzene (C6H5Cl) (a) Manganese (Mn)
(a) Chloroform (CHCl3, HC-20) (a) Mercaptans
(a) Chromium (Cr III, Cr VI) (a) Mercury (Hg)
(a) Chrysene (C18H12) (a) Metals (unspecified)
(a) Cobalt (Co) (a) Methane (CH4)
(a) Copper (Cu) (a) Methyl Bromide (CH3Br)

(List continued on next page)
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(a) Methyl Chloride (CH3Cl)
(a) Methyl Cholanthrene (3-C21H16)
(a) Methyl Chrysene (5-C19H15)
(a) Methyl Ethyl Ketone (MEK, C4H8O)
(a) Methyl Hydrazine (CH6N2)
(a) Methyl Methacrylate (CH2C(CH3)COOCH3)
(a) Methyl Naphthalene (2-C11H10)
(a) Methyl tert Butyl Ether (MTBE, C5H12O)
(a) Methylene Chloride (CH2Cl2, HC-130)
(a) Molybdenum (Mo)
(a) Naphthalene (C10H8)
(a) Nickel (Ni)
(a) Nitrogen Oxides (NOx as NO2)
(a) Nitrous Oxide (N2O)
(a) Organic Matter (unspecified)
(a) Particulates (PM 10)
(a) Particulates (unspecified)
(a) Pentane (C5H12)
(a) Phenanthrene (C14H10)
(a) Phenol (C6H5OH)
(a) Phosphorus (P)
(a) Polycyclic Aromatic Hydrocarbons (PAH, unspecified)
(a) Propane (C3H8)
(a) Propionaldehyde (CH3CH2CHO)
(a) Pyrene (C16H10)
(a) Selenium (Se)
(a) Silicon (Si)
(a) Sodium (Na)
(a) Styrene (C6H5CHCH2)
(a) Sulfur Dioxide (SO2)
(a) Sulfur Oxides (SOx as SO2)
(a) Sulfuric Acid (H2SO4)
(a) Tetrachloroethylene (C2Cl4)
(a) Toluene (C6H5CH3)
(a) Trichloroethane (1,1,1-CH3CCl3)
(a) Trichloroethylene (CCl2CHCl)
(a) Vanadium (V)
(a) Vinyl Acetate (C4H6O2)
(a) Vinyl Chloride (CH2CHCl)
(a) Xylene (C6H4(CH3)2)
(a) Zinc (Zn)
(ar) Radioactive Substance (unspecified)
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WATER POLLUTANT EFFLUENTS

(w) Acids (H+) (w) Polycyclic Aromatic Hydrocarbons (unspecified)
(w) Aluminum (Al3+) (w) Potassium (K+)
(w) Ammonia (NH4+, NH3, as N) (w) Salts (unspecified)
(w) AOX (Adsorbable Organic Halogens) (w) Selenium (Se II, Se IV, Se VI)
(w) Aromatic Hydrocarbons (unspecified) (w) Silver (Ag+)
(w) Arsenic (As3+, As5+) (w) Sodium (Na+)
(w) Barium (Ba++) (w) Sulfate (SO4--)
(w) Benzene (C6H6) (w) Sulfide (S--)
(w) BOD5 (Biochemical Oxygen Demand) (w) Suspended Matter (unspecified)
(w) Cadmium (Cd++) (w) Tetrachloroethylene (C2Cl4)
(w) Calcium (Ca++) (w) TOC (Total Organic Carbon)
(w) Carbon Tetrachloride (CCl4) (w) Toluene (C6H5CH3)
(w) Carbonates (CO3--, HCO3-, CO2, as C) (w) Trichloroethylene (CCl2CHCl)
(w) Chlorides (Cl-) (w) Vinyl Chloride (CH2CHCl)
(w) Chlorine (Cl2) (w) Water: Chemically Polluted
(w) Chlorinated Matter (unspecified, as Cl) (w) Water (unspecified)
(w) Chloroform (CHCl3, HC-20) (w) Xylene (C6H4(CH3)2)
(w) Chromium (Cr III, Cr VI) (w) Zinc (Zn++)
(w) COD (Chemical Oxygen Demand) (wr) Radioactive Substance (unspecified)
(w) Copper (Cu+, Cu++)
(w) Cyanide (CN-)
(w) Dissolved Matter (unspecified)
(w) Dissolved Organic Carbon (DOC)
(w) Ethyl Benzene (C6H5C2H5)
(w) Ethylene Dichloride (C2H4Cl2)
(w) Fluorides (F-)
(w) Halogenated Matter (organic)
(w) Hydrocarbons (unspecified)
(w) Inorganic Dissolved Matter (unspecified)
(w) Iron (Fe++, Fe3+)
(w) Lead (Pb++, Pb4+)
(w) Magnesium (Mg++)
(w) Mercury (Hg+, Hg++)
(w) Metals (unspecified)
(w) Methylene Chloride (CH2Cl2, HC-130)
(w) Molybdenum (Mo II, Mo III, Mo IV, Mo V, Mo VI)
(w) Nickel (Ni++, Ni3+)
(w) Nitrate (NO3-)
(w) Nitrogenous Matter (unspecified, as N)
(w) Oils (unspecified)
(w) Organic Dissolved Matter (unspecified)
(w) Organic Matter (unspecified)
(w) Phenol (C6H5OH)
(w) Phosphates (PO4 3-, HPO4--, H2PO4-, H3PO4, as P)
(w) Phosphorous Matter (unspecified, as P)



APPENDIX D

Human Health Results





D-1

HUMAN HEALTH RESULTS

Table D-1:  Water Quality Concern Chemicals
Environmental Flows Units Quantity Released
(w) Acids (H+) g 1.80
(w) Aluminum (Al3+) g 1.052
(w) Ammonia (NH4+, NH3, as N) g 1.261
(w) Arsenic (As3+, As5+) g 0.0020
(w) Barium (Ba++) g 0.2601
(w) BOD5 (Biochemical Oxygen Demand) g 60.5
(w) Carbonates (CO3--, HCO3-, CO2, as C) g 0.00
(w) Chlorides (Cl-) g 255.6
(w) Chlorine (Cl2) g 0.0006
(w) Chlorinated Matter (unspecified, as Cl) g 0.0064
(w) Chromium (Cr III, Cr VI) g 0.0107
(w) COD (Chemical Oxygen Demand) g 205.6
(w) Copper (Cu+, Cu++) g 0.0056
(w) Cyanide (CN-) g 0.0003
(w) Dissolved Matter (unspecified) g 4.27
(w) Dissolved Organic Carbon (DOC) g 0.1229
(w) Iron (Fe++, Fe3+) g 1.128
(w) Lead (Pb++, Pb4+) g 0.0102
(w) Mercury (Hg+, Hg++) g 0.0007
(w) Metals (unspecified) g 9.69
(w) Nickel (Ni++, Ni3+) g 0.0057
(w) Nitrate (NO3-) g 49.9
(w) Nitrogenous Matter (unspecified, as N) g 1.068
(w) Oils (unspecified) g 6.15
(w) Organic Dissolved Matter (unspecified) g 6.45
(w) Organic Matter (unspecified) g 0.0007
(w) Phenol (C6H5OH) g 0.1257
(w) Phosphates (as P) g 0.1617
(w) Phosphorous Matter (unspecified, as P) g 0.1314
(w) Polycyclic Aromatic Hydrocarbons (PAH) g 0.0010
(w) Salts (unspecified) g 48.0
(w) Sodium (Na+) g 243.6
(w) Sulfate (SO4--) g 39.2
(w) Sulfide (S--) g 0.0029
(w) Suspended Matter (unspecified) g 57.2
(w) TOC (Total Organic Carbon) g 6.11
(w) Toluene (C6H5CH3) g 0.0095
(w) Zinc (Zn++) g 0.0113
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Table D-2:  Known and Reasonably Considered Carcinogens
Environmental Flows Units Quantity Released

(a) Acetaldehyde (CH3CHO) g 0.0004
(a) Arsenic (As) g 0.0013
(a) Benzene (C6H6) g 1.037
(a) Benzo(a)anthracene g 9.20E-08
(a) Benzo(a)pyrene (C20H12) g 6.08E-05
(a) Benzo(b)fluoranthene g 3.24E-08
(a) Benzo(bjk)fluoranthene g 7.30E-08
(a) Benzo(k)fluoranthene g 3.24E-08
(a) Beryllium (Be) g 0.0001
(a) Cadmium (Cd) g 0.0015
(a) Carbon Tetrachloride (CCl4) g 1.85E-05
(a) Chloroform (CHCl3, HC-20) g 0.0001
(a) Chromium (Cr III, Cr VI) g 0.0020
(a) Di(2-ethylhexyl)phthalate (DEHP, C24H38O4) g 0.0000
(a) Dibenzo(a,h)anthracene g 2.23E-08
(a) Dichlorobenzene (1,4-C6H4Cl2) g 2.06E-05
(a) Dimethyl Sulfate (C2H6O4S) g 0.0000
(a) Dioxins (unspecified) g 3.20E-07
(a) Ethylene Dibromide (C2H4Br2) g 7.96E-07
(a) Ethylene Dichloride (C2H4Cl2) g 0.0011
(a) Formaldehyde (CH2O) g 0.0435
(a) Furan (C4H4O) g 4.99E-08
(a) Halogenated Hydrocarbons (unspecified) g 8.62E-12
(a) Indeno (1,2,3,c,d) Pyrene g 7.35E-08
(a) Methyl Chrysene (5-C19H15) g 1.46E-08
(a) Methylene Chloride (CH2Cl2, HC-130) g 0.0323
(a) Naphthalene (C10H8) g 4.19E-05
(a) Nickel (Ni) g 0.0258
(a) Polycyclic Aromatic Hydrocarbons (unspecified) g 0.0017
(a) Silicon (Si) g 5.91E-04
(a) Tetrachloroethylene (C2Cl4) g 0.0164
(a) Vinyl Chloride (CH2CHCl) g 0.0121
(ar) Radioactive Substance (unspecified) kBq 27880
(w) Arsenic (As3+, As5+) g 0.0020
(w) Benzene (C6H6) g 6.68E-08
(w) Cadmium (Cd++) g 1.55E-04
(w) Carbon Tetrachloride (CCl4) g 6.68E-08
(w) Chloroform (CHCl3, HC-20) g 7.44E-05
(w) Chromium (Cr III, Cr VI) g 0.0107
(w) Ethylene Dichloride (C2H4Cl2) g 6.68E-08
(w) Methylene Chloride (CH2Cl2, HC-130) g 1.07E-07
(w) Nickel (Ni++, Ni3+) g 0.0057
(w) Polycyclic Aromatic Hydrocarbons (PAH) g 9.62E-04
(w) Tetrachloroethylene (C2Cl4) g 6.68E-08
(w) Trichloroethylene (CCl2CHCl) g 6.68E-08
(w) Vinyl Chloride (CH2CHCl) g 1.34E-07


