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Overview:  
The purpose of this project is in accordance with our mission at Coolperx to prioritize 
sustainability and facilitate environmentally responsible corporate gift giving. Gathering this 
information is one of the first steps towards our goal of carbon reduction, and eventually creating 
a carbon-negative marketplace. A Life Cycle Assessment is a relatively new process that is used 
to analyze the environmental impacts associated with a product through all stages of its life- 
from the cultivation or extraction of the raw materials that make up a product to the moment that 
all of its components are either returned to nature or recycled into a new product. This report is a 
cradle-to-grave assessment of one impact category, the Global Warming Potential (GWP), of a 
sample textile product that coolperx offers: the Organic rPET Short Sleeve Tee. All of the 
methods, assumptions, sources of data, and results are presented in this document to create 
complete transparency. The general framework of the report follows the guidance of the Product 
Life Cycle Accounting and Reporting Standard published by the Greenhouse Gas Protocol 
(Bhatia).  
 

Scope of the Study: 

Product Name: Organic RPET Short Sleeve Tee // USA Made 

Type of Analysis: Cradle-to-Grave 

Functional Unit: 
❖ Function: The product studied is a custom branded t-shirt that is intended to be worn and 

then washed and dried many times using a standard washing machine and a dryer before 
being disposed of. This product is intended to be customized with either embroidery or 
screen printing and purchased in bulk. It serves the purpose of a typical t-shirt as well as 
being a medium for merchandising or marketing.  

❖ Description: This product is made out of fabric consisting of 50% organic combed and 
ring spun cotton and 50% recycled polyethylene terephthalate plastic (rPET). Both 
fabrics weigh 4.4 oz/ square yard. It is offered in a variety of colors and sizes and is also 
customizable by embroidery/screen printing. 

❖ Expected level of quality: The product will provide the services of a typical t-shirt 
through its use. 

❖ Magnitude of Service: The shirt is worn for one day each time that it is used.  
❖ Duration of Service Life: The service life depends on the individual but in this study I 

have assumed that the t-shirt is used for two years before it is disposed of and is washed 
and dried every two weeks for a total of 52 uses. This assumption was based on choices 
made in a similar LCA study (Angelstam, 2).  

Unit of Analysis: 1 medium size t-shirt (50% organic cotton, 50% RPET, 4.4 oz/ sq yd) 
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Weight of Shirt: 
19.5 in (width of shirt) x 28 in (height of shirt) x 2 (accounts for both sides of material) x 
1.25 (accounts for sleeves) = 1,365 sq in fabric / t-shirt  
1,365 sq in fabric/ t-shirt x (1 sq yd/ 1,296 sq in) = 1.05324 sq yd fabric/ t-shirt 
1.05324 sq yd x (4.4 oz/ 1 sq yd) = 4.63426 oz/ t-shirt 
 

What is Global Warming Potential? 

GWP is a way to express the magnitude of greenhouse gases (GHGs) that are emitted throughout 
the lifecycle of a product. The climate impact of this product will be reported in CO2 equivalents 
(CO2e) which allows for the expression of all greenhouse gas emissions in a single unit. The 
greenhouse gases that are accounted for in this calculation are the 6 greenhouse gases that are 
listed in the Kyoto Protocol (carbon dioxide, methane, nitrous oxide, hydrofluorocarbons, 
perfluorocarbons, and sulfur hexafluoride).  
 
Greenhouse gases do not all behave the same way which means that each one has a different 
impact on the climate. The two most important factors that determine the strength of a GHG are 
its residence time and its radiative efficiency. Residence time describes the amount of time that a 
GHG spends in the atmosphere before either moving to a different place or breaking down. 
Radiative efficiency describes the effectiveness of the GHG at preventing energy from leaving 
our atmosphere and escaping to space.  
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All of the GHGs that are emitted during the lifetime of the t-shirt will be converted into a single 
unit using emission factors that account for the different properties of each GHG. These emission 
factors were published by the Intergovernmental Panel on Climate Change (IPCC) in the fifth 
assessment report (AR5). The emission factors are a measurement of the amount of energy that 
one ton a given GHG will absorb over a chosen time period. 100 years is the standard time 
period used to compare the radiative efficiency of GHGs. It is what the IPCC used for its 
calculations and it is the time frame that will be applied in this report. The data is then scaled 
relative to carbon dioxide. For example, methane’s global warming potential is 28. This means 
that atmospheric methane absorbs about 28 times as much energy as atmospheric carbon dioxide. 
We could conclude that if one ton of methane and one ton of carbon dioxide were emitted, the 
warming effect of the methane over the next 100 years would be 28 times stronger than the 
warming effect of the carbon dioxide. Gases with shorter lifetimes would have a higher GWP if 
the chosen time period was shortened and gases with a relatively long lifetime would have a 
lower GWP if the time period chosen is shortened. CO2 always has a GWP of 1 regardless of 
how the time period is set because all other GHGs are measured relative to CO2. The final 
calculation of the global warming potential of the Organic rPET Short Sleeve Tee is a result of 
the types of greenhouse gases emitted through the production of the product, the quantity of each 
greenhouse gas emitted, and the chosen time frame of 100 years. 
 
All of the research studies that describe CO2eq referenced in this report use a time frame of 100 
years. However, some of the data was collected before 2014, when the AR5 was published, and 
in these cases slightly different emission factors were used. The table below gives the most 
recent emission factor values that were published in the IPCC AR5.  
 

Source: Myhre 
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Greenhouse Gas (measured in weight) Global Warming Potential (GWP) 

Carbon Dioxide (CO2) 1 

Methane (CH4) 28 

Nitrous Oxide (N2O) 265 

Sulfur Hexafluoride (SF6) 23,500 

Hydrofluorocarbons (HFC’s) 4 - 12,400 

Perfluorocarbons (PFC’s) 6,630 - 11,100 



 

Summary of Results:  
The final calculation was that this product will emit 3.0 kg CO2e over its life cycle. This means 
that the shirt generates over 22 times its own weight in greenhouse gas emissions! For reference, 
3.0 kg of CO2e is the same amount of emissions generated from driving a car 7.4 miles or 
charging a smartphone 383 times (Greenhouse Gases Equivalencies Calculator). It is a low GWP 
value for a t-shirt.  
 
The  life cycle of a product is cyclical and its stages can be divided into five categories: material 
acquisition and preprocessing, production, distribution and storage, and end of life. The product 
life cycle starts when materials are extracted from nature and it ends when they are returned to 
nature. The use stage is the part of the product life cycle where the customer has the product and 
is using it. This life cycle stage produced the highest emissions. It was followed by production 
and then material acquisition and preprocessing. The end of life section is when the product is 
disposed of and its components are returned to nature. This category and the distribution and 
storage category, did not account for a large proportion of the overall emissions. The figure 
below shows a representation of the emissions broken down by life cycle stage. They are 
measured in grams of carbon dioxide equivalent.  

 
The largest opportunity to reduce emissions is by air drying the t-shirt during the use stage 
instead of using an electric dryer. Another way for the customer to reduce emissions is by using 
the product for a longer period of time. Under the conditions that I set for use, the t-shirt is 
responsible for about 58 g CO2e emissions each time it is worn. If the product were used for 
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twice as long, the use emissions would double but all other emissions would remain constant. 
The new carbon footprint per wear would be reduced to 43 g CO2e.  
 
There are also opportunities for reduction in the dyeing and finishing steps of the production 
stage which both require a lot of energy. Many steps towards reducing emissions have already 
been taken. For example, the polyester component of the shirt is recycled, the cotton is organic, 
multiple transportation emissions are offset, most of the production occurs in the united states, 
and the choice of dye is a more environmentally friendly option compared to conventional 
methods. Production of the t-shirt in the United States is especially important towards keeping 
the emissions low. Most clothing is made abroad. Many of these products are produced using 
fuel sources that emit a lot of GHGs and the product must be shipped across long distances.  
 
This report is intended to be an approximate assessment of a specific product offered by 
Coolperx as it follows the path that it would take over its lifetime. Some of the data is primary 
data, but most of the information comes from LCAs that were conducted by other people who 
were studying similar processes. There is limited LCA data available and so most of the work 
fits our purposes well but not perfectly.  
 
The scope of the study is cradle-to-grave, meaning that the entire lifecycle of the product is 
studied. The figure below gives an outline of the steps in this process and shows what is included 
in the scope when calculating greenhouse gas emissions.  
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Total Lifecycle Emissions: 3.0 kg CO 2e/t-shirt 
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Life Cycle Stage Greenhouse Gas Emissions (g CO2e) 

Material Acquisition and Preprocessing 727 

Production 780 

Distribution and Storage 12 

Use 1,440 

End of Life 79 

Total: 3,038 g CO2e ≈ 3.0 kg CO2e 



 

Calculations for Amount of CO 2eq Emitted During Each 
Lifecycle Stage (GWP 100):  
The following sections summarize the calculations of global warming potential for the 
cotton/rPET tee. The answer is rounded to account for significant figures at the end of each 
section and then again when all of the results for a life cycle stage are added together. Most of 
the math involves simple unit conversion. The weight of the fabric in the t-shirt (4.4 oz/ sq yard) 
limits the result from every section to two significant figures. This is because the amount of 
emissions for each process is dependent on the weight of the product. That is why the final 
answer of 3.0 kg CO2e is rounded to two digits.  
 
Wherever possible, data that is in accordance with ISO 14044 and 14040 is used. I reviewed the 
range of available research before deciding which sources were the best fit to use for each part of 
this calculation. 
 
There is material loss in many of the processes. We will start with 10.5324 oz of cotton and 
3.3809 oz of rPET and finish with a 4.63426 oz shirt. It was necessary to work backwards and 
figure out the loss before starting the calculation for the first step. This assumed loss is displayed 
in the table below.  
 

Assumed Loss of Material Between Production Stages 
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Production 
Process 

Material Loss (%) Mass of T-shirt After Process Step (oz) 

Cotton rPET Cotton rPET Total 

Raw Cotton → 
Fiber  

64% 6% 3.79167 3.15972 6.95139 

Fiber → Yarn 6% N/A 3.15973 3.15972 6.31945 

Yarn → Fabric 4.5% 16% 2.68577 2.68577 5.37154 

Fabric → 
t-shirt  

3.5% 12% 2.31713 2.31713 4.63426 



 

Material Acquisition and Preprocessing: 727 g CO2e/t-shirt 
The material acquisition and preprocessing stage of the product life cycle begins with the 
production or extraction of material goods from nature (Bhatia, 38). This section includes the 
production of yarns which will later be knitted into fabric. There are two main material inputs: 
cotton and PET plastic. 

  
290 g CO2e (cotton production) + 7.0 g CO2e (combing) 260 g CO2e (spinning of cotton yarn) + 170 g CO2e 
(recycling of PET bottles into yarn) = 727 g CO2e 
 
ORGANIC COTTON: 290 g CO2e/t-shirt 

Attributable Processes: Cotton growth, transportation to the production facility, ginning 
(the speratation of cotton fibers from cotton seeds), and baling (packaging into bales for 
transportation) 

Context: The data used for this calculation comes from a study on the global production 
of organic cotton (Textile Exchange). Locations studied include India, China, Turkey, 
Tanzania, USA. Organically grown cotton showed strong environmental benefits 
compared to conventionally grown cotton. Most emissions associated with organically 
grown cotton come from field emissions and electricity use in ginning (Textile 
Exchange).  

Information Used:  
- The height and width of the shirt (19.5 x 28) 
- The fabric weighs 4.4 oz/sq yard for “Organic RPET Jersey (#95).” Fabric made 

from 100% combed, ring spun cotton and fabric made from 100% recycled PET 
polyester both weigh 4.4 oz/sq yard which tells me that cotton and PET each 
represent 50% of the weight of the shirt. (“Fabric Information”) 
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- 978 kg CO2e is required per 1,000 kg cotton lint produced (Textile Exchange) 
- There is a 78% loss from raw cotton to fabric (Kazan, 853). There is a 64% loss 

from raw cotton to lint, an additional 6% loss from lint to yarn, another 4.5% loss 
from yarn to fabric, and finally another 3.5% loss from fabric to t-shirt (Kazan, 
853). 

Calculation:  
Cotton Required per Shirt:  

19.5 in (width of shirt) x 28.0 in (height of shirt) x 2 (accounts for both 
sides of material) x 1.25 (accounts for sleeves) = 1,365 sq in fabric / t-shirt 
1,365 sq in fabric/ t-shirt x (1 sq yd/ 1,296 sq in) = 1.05324 sq yd fabric/ 
t-shirt 
1.05324 sq yd fabric/t-shirt x 0.5 (shirt is 50% cotton) = 0.526620 sq yd 
fabric/t-shirt 
0.526620 sq yd fabric/ t-shirt x 4.4 oz/ sq yard fabric = 2.31713 oz cotton 
fabric/t-shirt 
2.31713 oz cotton x (100/22) (assuming final weight of cotton in the shirt 
only represents 22% of raw cotton required if 78% is excess) = 10.5324 oz 
raw cotton/ t-shirt 
 
(note that of the 10.5324 oz of raw cotton, 64% or 6.74073 oz will be lost 
during this step leaving 3.79167 oz of cotton to be processed during the 
next step of manufacturing.) 

 
Emissions:  

978 kg CO2e / 1,000 kg cotton = 978 g CO2e/ 1 kg cotton  
(10.5324 oz cotton / t-shirt) x (1kg / 35.274 oz) = 0.298588 kg cotton/ 
t-shirt  
(0.298588 kg cotton/t-shirt) x (978 g CO2e /kg cotton) = 
292.019 g CO2e/t-shirt ≈ 290 g CO2e/t-shirt 
 

COMBING OF COTTON: 7.0 g CO2e/t-shirt 

Attributable Processes: Emissions from electricity use for the combing of cotton 
adjusted to the US power grid 

Context: Combing cotton is the process of lining up cotton and pulling out the shortest 
strands and the impurities so that you are left with long strands which have been aligned 
with one another and evened out. Combed cotton will be softer and it will be brighter 
when it is dyed. 

Information Used:  
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- In the United States, electricity generation and distribution produces 947.2 lbs 
CO2/MWh, 0.085 lbs CH4/MWh, and 0.012 lb N2O/ MWh (eGRID). This 
information, along with the emissions factors from the IPCC Assessment Report 5 
that are listed on page 4 of this document allow for the calculation of the average 
greenhouse gas emissions per kWh of electricity use in the United States. Yarn 
used by Royal Apparel is 30/1 (“Fabric Information..”) 

- We start this step with 10.5324 oz of cotton that has been ginned and baled  
- Combing of 1,000 kg of product required 195 MJ electricity (“Life Cycle 

Assessment of Cotton Fiber & Fabric,” 71) 
- Assuming no material loss from combing  

Calculation:  
Emissions from Electricity:  
Carbon Dioxide (CO2) = 947.2 lbs CO2/MWh x 1(GWP100 value for CO2) = 947.2 
lbs CO2e/ MHh 
Methane (CH4) = 0.085 lbs CH4/MWh x 28 (GWP100 value for CH4) = 2.38 lbs 
CO2e/ MHh 
Nitrous Oxide (N2O) = 0.012 lb N2O/ MWh x 265 (GWP100 value for N2O) = 3.18 lbs 
CO2e/ MHh 
947.2 + 2.38 + 3.18 = 952.76 lbs CO2e/ MWh  
952.76 lbs CO2e/ MWh x (1 MWh / 1,000 kWh) = 0.95276 lbs CO2e/ kWh 
0.95276 lbs CO2e/ kWh x (453.592 g CO2e/1 lb CO2e) ≈ 432.165 g CO2e/kWh  
 
Emissions from Combing:  
195 MJ electricity/1,000 kg cotton x (277.778 Wh/ 1 MJ) = 54.1667 wH/ kg 
cotton 
54.1667 wH/ kg cotton x (1 kWh/ 1,000 Wh) = 0.054167 kWh / kg cotton 
0.054167 kWh / kg cotton x (1 kg/ 35.274 oz) = 0.001536 kWh/ oz cotton 
0.001536 kWh/ oz cotton x (10.5324 oz cotton/ t-shirt) = 0.0161735 MWh/ t-shirt  
0.0161735 kWh/ t-shirt x (432.165 g CO2e/kWh) = 6.98962 g CO2e/t-shirt ≈ 7.0 g 
CO2e/t-shirt 

 
RING SPINNING OF COTTON: 260 g CO2e/ t-shirt 

Attributable Processes: Emissions from electricity use for the ring spinning of cotton 
fiber into yarn with a 200 dtex yarn count.  

Context: When a fiber is spun it becomes a yarn. Ring spinning is one method of 
producing yarn from fiber and it is the method that Royal Apparel uses to produce the 
yarn for this t-shirt. Royal Apparel makes their own fabric but they purchase ring-spun 
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yarn which comes from both domestic and imported sources (see the “Primary Data 
Collected from Suppliers” section). 

 
The properties of a yarn can be measured in various ways. The yarn size used to 
manufacture this t-shirt is 30/1. This is measured using the cotton count system which 
gives the number of 840-yard lengths of cotton in one pound of yarn. The denominator 
means that the yarn is a single strand. The numerator means that there are 30 840-yard 
lengths of yarn in one lb. This is equivalent to 25,200 yards.  

 
The yarn size is the most important factor in determining how much electricity is required 
for ring spinning. This is why I have used the data provided to approximate the electricity 
requirement based on the yarn size used to produce the t-shirt.  

Information Used:  

- 432.165 kg CO2e is emitted per MWh of electricity that is generated and 
distributed in the United States (eGRID). 

- It requires 6.73 kW of electricity to ring spin 1 kg of 150 dtex yarn and 3.37 kW 
of electricity to ring spin 1 kg of 300 dtex yarn (Van der Velden, 351) 

- The amount of cotton lint that is processed is 3.7917 oz, as calculated in the 
material acquisition section. 

- There is a 6% material loss from cotton lint to yarn (Kazan, 853). 

Calculation: 

Conversion of cotton yarn size from cotton count system to dtex:  
30/1 yarn = 252,000 yards yarn/ lb  
25,200 yd yarn/ lb x (1 m/ 1.09361 yd) = 23,043 m yarn/ lb  
23,043 m yarn/ lb x (1 lb/ 453.592 g) = 50.8012 m yarn/ g 
1,000 m yarn x (1 g / 50.8012 m yarn) = 19.6846 g/ 1,000 m yarn = 19.6846 tex  
19.6846 tex x (10 dtex/ 1 tex) = 196.846 dtex or approximately 200 dtex  
 
Solving for the electricity requirement of 200 dtex yarn using a linear equation:  
Equation: y(kW/kg) = m (slope) 𝑥 (dtex) +b (y-intercept) 
Data given: (150 dtex, 6.73 kW/kg), (300 dtex, 3.37 kW/kg)  
slope = [(y2 - y1)/(𝑥2 - 𝑥1)] = [(6.73 - 3.37)/(150 - 300)] = -3.36/150 
y = (-3.36/150) 𝑥 + b 
6.73 = (-3.36/150)(150) + b  
6.73 = -3.36 + b  
10.09 = b 
y = (-3.36/150) 𝑥 + 10.09  dtex= 200 
y = (-3.36/150)(200) + 10.09 = 5.61 kW/kg yarn  
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Emissions from electricity use:  
432.165 kg CO2e/MWh x (1 MWh/ 1,000 kWh) = 0.432165 kg CO2e/kWh 
0.432165 kg CO2e/kWh x 5.61 kW/kg yarn = 2.42445 kg CO2e/kg yarn 
2.42445 kg CO2e/ kg yarn x (1 kg/ 35.274 oz) = 0.0687319 kg CO2e/oz yarn 
 
3.79167 oz yarn/t-shirt x (0.0687319 kg CO2e/oz yarn) = 0.260608 kg 
CO2e/t-shirt 
0.260608 kg CO2e/t-shirt x (1,000 g/kg) = 260.608 g CO2e/ t-shirt ≈ 260 g 
CO2e/t-shirt 
 
(note that an additional 6% of the cotton that we started with (or 0.631944 oz) is 
lost during the process of ring spinning. We started with 10.5324 oz of raw cotton 
which became 3.79167 oz of cotton lint. During this step, the lint was ring spun 
into yarn but during this process 0.631944 oz are lost meaning that for the next 
step in the manufacturing process we will start with 3.15973 oz of cotton yarn.) 

 
RECYCLED POLYETHYLENE TEREPHTHALATE (rPET) YARN: 170 g CO2e/ t-shirt 

Attributable Processes: Curbside collection of PET plastic, flake production, pellet 
production, and POY (partially oriented yarn) fiber production using melt extrusion, 
spinning into fibers, the disposal of waste associated with recycling process, and 
transportation between locations. The product produced is a yarn made out of PET.  

Context: There are multiple ways to allocate emissions for products that contain recycled 
materials and I chose to use the recycled content method (also called the cut-off 
approach). This choice is appropriate because the product being studied contains recycled 
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material but this recycling does not occur downstream. Additionally, the supply of PET 
plastic exceeds the amount that is recycled meaning that recycling this material may not 
displace the production of new PET. The recycled content method is not a perfect choice 
because PET is considered a useful waste product. However, this allocation method is the 
most straightforward because it does not require data collection from the first life of PET 
plastic bottles. In accordance with this method, no emissions data from the production of 
PET bottles is included in this calculation.  
 
The research study used for this section of the calculation includes data collected from 
Western Europe and Taiwan. The average technology is from Western Europe. The data 
was collected in 2008 and uses conversion values from the IPCC AR4. I used scenarios 
for semi-mechanical recycling because they produced POY fiber which is the correct type 
and because the process seemed to be the most similar to the PET recycling process 
described by Royal Apparel on their website (The rPET Story). Both describe mechanical 
recycling that undergoes two extrusion processes. The sample plant used is called Long 
John Group.  
 
Producing 1 kg of rPET filament fiber requires 1.07 kg PET flakes and the emissions for 
material loss from bottle to fiber are already incorporated into the information given. I 
will assume that from fiber to t-shirt the material loss is the same as it is for cotton 
((Kazan, 853). However, I am excluding the 64% loss from raw materials to lint and the 
6% loss from lint to yarn because the early stages of rPET production are not comparable 
and because this material loss is already accounted for in the data present. The new 
numbers for material loss are as follows:  

 
otal Loss  or 26.6%T :  lost material 

total material = 4.5 + 3.5
4.5 + 3.5 + 22 = 8

30  
arn to F abric Loss  or 15%Y :  4.5

4.5 + 3.5 + 22 = 30
4.5  

abric to T hirt Loss  or 11.6 %F − S : 3.5
4.5 + 3.5 + 22 = 30

3.5  
 
Where 4.5 represents loss from yarn to fabric, 3.5 represents loss from fabric to t-shirt, 
and 22 represents the amount of material that is in the final product  

Information Given:  

-  There will be 2.31713 oz rPET in the final product 
- 1.88 tons CO2e are emitted per ton of rPET fiber manufactured from 

cradle-to-factory gate for the second life of the PET plastic (Shen) 
- Assuming that 73. % of the rPET that we start with will be present in the3  

completed t-shirt 
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Calculation: 

1.88 tons CO2e/ ton rPET fiber x (1 ton/ 32,000 oz) = 0.00005875 ton CO2e/ oz 
rPET fiber 
0.00005875 ton CO2e/ oz rPET fiber x (907,185 g/ 1 ton) = 53.2971g CO2e/oz 
rPET fiber 

 
2.31713 oz rPET fabric/t-shirt x (100/73. ) =  3.15972 oz rPET fiber/ t-shirt3   
3.15972 oz rPET fiber/ t-shirt x (53.2971 g CO2e/ oz rPET fiber) = 168.404 g 
CO2e/ t-shirt ≈ 170 g CO2e/ t-shirt 

 

Production: 780 g CO2e 
The production stage begins when materials enter the production facility and ends when the 
finished product leaves the production facility (Bhatia, 39). In this case, yarn enters the facility, 
and a finished piece of clothing is produced.  
 

 
17 g CO2e / t-shirt (circular knitting) + 79 g CO2e/t-shirt (pretreatment and bleaching) + 280 g 
CO2e/t-shirt (dyeing) + 260 g CO2e/ t-shirt (finishing) + 95 g CO2e/t-shirt (cut and sew) + 49 g 
CO2e/t-shirt (embroidery) 
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FABRIC PRODUCTION (CIRCULAR KNITTING): 17 g CO2e / t-shirt 

Attributable Processes: Knitting of the cotton and rPET yarn into a single fabric using a 
circular knitting machine 

Context:  

Circular knitting is the process of creating a tube of fabric from yarn with a 
circular knitting machine. I could not find any accessible data on the electricity 
requirement for the circular knitting of cotton and synthetic blended fabrics so I chose to 
use data for the circular knitting of cotton. This information comes from a study 
published by the International Textile Manufacturere’s Federation in 2010. This report 
demonstrated that knitting has a significantly lower electricity requirement than weaving 
and so knitting is a more environmentally friendly way to process yarn into fabric. 
 

The study provides both the electricity requirement to complete this task and the 
light fuel oil used in the process. Royal Apparel buys their yarn and manufactures their 
own fabric blends (Royal Apparel) so electricity use will occur in the United States and 
will be calculated using values from the US power grid. Fuel oil is a crude petroleum 
product that is generally used for industrial heating. It matches the characteristics of a 
product that the US Energy Information Administration calls “No. 1 Distillate Fuel Oil.” 

Information Used:  

- We start with 3.15973 oz of cotton yarn and 3.15973 oz of rPET yarn 
- It requires 0.19 kWh of electricity and 0.19 MJ of light fuel oil to knit 1 kg of 

cotton yarn into fabric (Van der Velden, 346). 
- 432.165 kg CO2e is emitted per MWh of electricity that is generated and 

distributed in the United States (eGRID). 
- CO2e for the fuel oil can be calculated using US EPA data on distillate light fuel 

oil #1. This data says that there is 73.25 kg CO2, 3.0 g CH4, 0.60 g N2O per 
mmBtu fuel oil (Emission Factors for Greenhouse Gas Inventories) 

Calculation: 

Amount of Fabric:  
3.15973 oz of cotton yarn + 3.15973 oz of rPET yarn = 6.31946 oz yarn/ t-shirt 
6.31946 oz yarn x (28.3495 g/ 1 oz) = 179.154 g yarn/ t-shirt 
179.154 g yarn/ t-shirt x (1 kg/ 1,000 g) = 0.179154 kg yarn/ t-shirt = 0.179154 kg 
fabric/ t-shirt 

 
Electricity Use:  
432.165 kg CO2e /MWh x (1 MWh/ 1,000 kWh) = 0.432165 kg CO2e/kWh 
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0.432165 kg CO2e/kWh x (0.19 kWh/ 1 kg fabric) = 0.0821114 kg CO2e/ 1 kg 
fabric 
0.0821114 kg CO2e/ 1 kg fabric x (0.179154 kg fabric/ t-shirt) = 0.0147106 kg 
CO2e/ t-shirt  
0.0147106 kg CO2e/ t-shirt x (1,000 g/ kg) = 14.71 g CO2e/ t-shirt 
 
Light Fuel Oil:  
0.19 MJ light fuel oil/ kg fabric  x (1,000,000 J/ 1 MJ) = 190,000 J light fuel oil/ 
kg fabric  
190,000 J light fuel oil/ kg fabric x (0.000947817 Btu/ 1 J) = 180.085 Btu light 
fuel oil/ kg fabric 
180.085 Btu light fuel oil/ kg fabric x (1 mmBtu/ 1,000,000 Btu) = 0.000180085 
mmBtu light fuel oil/ kg fabric x (0.179154 kg fabric/ t-shirt) = 0.000032263 
mmBtu light fuel oil/ t-shirt 
 

Carbon Dioxide:  
0.000032263 mmBtu light fuel oil/ t-shirt x (73.25 kg CO2/ mmBtu) = 
0.002363 kg CO2/ t-shirt  
0.002363 kg CO2/ t-shirt  x (1 kg CO2e/ kg CO2) = 0.002363 kg CO2e 
0.002363 kg CO2e x (1,000 g /kg) = 2.363 g CO2e/ t-shirt  
 
Methane:  
0.000032263 mmBtu light fuel oil/ t-shirt x (3.0 g CH4 / mmBtu) = 
0.000097 kg CH4/ t-shirt  
 0.000097 kg CH4/ t-shirt x (28 g CO2e/ 1 g CH4) = 0.0027 g CO2e/ t-shirt  
 
Nitrous Oxide:  
0.000032263 mmBtu light fuel oil/ t-shirt x (0.60 g N2O/ mmBtu) = 
0.000019 g N2O/ t-shirt 
0.000019 g N2O/ t-shirt x (265 g CO2e/ g N2O) = 0.050 g CO2e/ t-shirt  
 
Total Fuel Oil:  
2.363 g CO2e/ t-shirt + 0.0027 g CO2e/ t-shirt + 0.050 g CO2e/ t-shirt = 
2.416 g CO2e/ t-shirt  

 
Total Knitting:  
14.7106 g CO2e/ t-shirt + 2.416 g CO2e/ t-shirt = 17.127 g CO2e / t-shirt ≈ 17 g 
CO2e / t-shirt 
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(note that an additional 4.5% of the cotton that we started with (or 0.47396 oz) 
and 15% of the rPET that we started with (or 0.47396 oz) is lost during the 
process of knitting. We started with 3.15973 oz of both cotton and rPET and 
finished this step with a piece of fabric that contains 2.68577 oz of each material. 
The next step in the t-shirt production will start with this piece of fabric which is 
50% cotton and 50% RPET and weighs 5.37154 oz total.) 
 

 
PRETREATMENT AND BLEACHING: 79 CO2e/ t-shirt 

Attributable Processes: Scouring and bleaching of fabric  

Context: Scouring and bleaching of fabric are steps in the pretreatment processes that 
prepare a fabric to be dyed. Scouring a piece of fabric involves washing it with hot water 
to remove impurities such as waxes and grease that are in natural fibers. The scouring 
possess uses an alkaline solution (Van der Velden, 347). Bleaching is a chemical process 
that removes the natural color greyish of the fibers and makes them white. I included 
these two pre-production steps because they are commonly implemented for shirt fabric 
production. Note that there are other steps like desizing, mercerizing, and carbonizing 
that could also be included depending on the desired properties of the fabric.  

Information Used:  
- We start with the 5.37154 oz that we were left with after the last step. 
- It requires 1.20 kWh of electricity to scour and bleach 1 kg of 65% PET and 35% 

cotton fabric used for t-shirts (Van der Velden, 342).  
- 432.165 kg CO2e is emitted per MWh of electricity that is generated and 

distributed (eGRID). 

Calculations:  

5.37154 oz fabric/t-shirt x (28.3495 g/ oz) = 152.280 g fabric/ t-shirt  
152.280 g fabric/t-shirt  x (1 kg/ 1,000 g) = 0.152280 kg fabric / t-shirt 
0.152280 kg fabric /t-shirt x (1.20 kWh/ 1 kg fabric) = 0.183 kWh/ t-shirt 
0.183 kWh/ t-shirt x (1 MWh/ 1,000 kWh) = 0.000183 MWh/ t-shirt 
0.000183 MWh/t-shirt x (432.165 kg CO2e / MWh) = 0.0791 kg CO2e/ t-shirt  
0.0791 kg CO2e/t-shirt x (1,000 g/ kg) = 79 g CO2e/ t-shirt 

  
BASE COLOR DYEING: 280 g CO2e/t-shirt 

Attributable Processes: electricity and natural gas required for dyeing of blended 
cotton/polyester fabrics, the LCA of materials required (such as reactive dye, stabilizers, 
lubricators, soap, and various chemicals), and wastewater treatment. 
Context:  
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For this calculation, I decided to use parts of three separate studies to make the 
result as accurate as possible to what would occur in the United States.  
 

The first set of data that I used is for the dyeing process and it includes electricity 
and natural gas use. I chose this data because it is for the dyeing process of a blended 
fabric (40% PET and 60% cotton). The data comes from a company that has locations in 
Belgium and France that produces shirt material. I was able to calculate the emissions 
from electricity use using the United States electricity grid. This company chose to 
remain anonymous and a name is not listed where the data is reported. In the natural gas 
section of the calculation, accounting for methane and nitrous oxide turned out to be 
inconsequential once the result was rounded to the correct number of significant figures. 
The calculations for data from this study are listed under the section “Energy Use for 
Dyeing Process.” 
 

The second study that I used was conducted in India. It compares three different 
dyeing processes for 100% cotton fabric. Royal Apparel describes its dyeing process for 
the t-shirt as having a high absorption rate (“Our Dyeing Process”). This means that they 
do not need to use as much water to rinse their products and that there is less run off. This 
process is most comparable to the third scenario in the study which uses a method of 
reactive dyeing called non-silicate cold-patch dyeing. This study is very well done but 
since the data comes from India where fuel sources and many processes are different I 
only used the LCA for the materials required for dyeing.  
 

The final study covers wastewater treatment. The data was collected in Europe 
but is applicable to the United States. 
 
Information Used: 

- The weight of each t-shirt is 5.37154 oz. 
- An average of 432.165 kg CO2e is emitted per MWh of electricity that is 

generated and distributed in the United States (eGRID). 
- Dyeing 1 kg of fabric requires 1.00 kWh and 28.8 MJ natural gas (Van der 

Velden, table 4). 
- The combustion of natural gas emits 53.06 kg CO2/ mmBtu, 1.0 g CH4/ mmBtu 

and 0.10 g N2O/ mmBtu. (Emission Factors for Greenhouse Gas Inventories). 
- The global warming potential for the entire dyeing and finishing process for 1 ton 

fabric in India is 6586.8637 kg CO2e (Murugesh, 9). The materials required for 
dyeing are responsible for 4.98% of these emissions (Murugesh, 12).  

- Dyeing 1 ton of fabric produces 21,700.0 kg of wastewater (Murugesh, 6).  
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- The treatment of 1 m3 of wastewater emits 0.17202 kg CO2 and 0.00050213 kg 
CH4 (Levova).  

 
Calculation:  
Energy Use for Dyeing Process:  

Electricity use:  
432.165 kg CO2e /MWh x (1 MWh/ 1,000 kWh) = 0.432165 kg CO2e/kWh 
0.432165 kg CO2e/kWh x (1.00 kWh/ 1 kg fabric) = 0.432 kg CO2e/ kg fabric 
0.432 kg CO2e/ kg fabric x (1 kg / 35.274 oz) = 0.0122 kg CO2e/ oz fabric  
0.0122 kg CO2e/ oz fabric x (5.37154 oz fabric/ t-shirt) = 0.0655 kg CO2e/ t-shirt 
0.0655 kg CO2e/ t-shirt x (1,000 g/ kg) = 65.5 g CO2e/ t-shirt 
 
Natural Gas:  
28.8 MJ natural gas/ kg fabric x (947.817 Btu/1 MJ) = 27,300 Btu natural gas/ kg 
fabric  
27,300 Btu natural gas/ kg fabric x (1 mmBtu/ 1,000,000 Btu) = 0.0273 mmBtu/ 
kg fabric  
 

Carbon Dioxide:  
0.0273 mmBtu natural gas/ kg fabric x (53.06 kg CO2/ mmBtu) = 1.4485 
kg CO2/kg fabric 
1.4485 kg CO2/kg fabric x (1 kg CO2e/ kg CO2) = 1.4485 kg CO2e/kg 
fabric  
 
Methane:  
0.0273 mmBtu natural gas/ kg fabric x (1.0 g CH4/ mmBtu) =  0.0273 g 
CH4 /kg fabric  
0.0273 g CH4 /kg fabric x (28 g CO2e / g CH4) = 0.7644 g CO2e / kg fabric 
0.7644 g CO2e/ kg fabric x (1 kg/ 1,000 g) = 0.0007644 kg CO2e/ kg fabric 
 
Nitrous Oxide:  
0.0273 mmBtu natural gas/ kg fabric x (0.10 g N2O/ mmBtu natural gas) = 
0.00273 g N2O/ kg fabric 
0.00273 g N2O/ kg fabric x (265 g CO2e/ g N2O) = 0.72345 g CO2e/ kg 
fabric 
0.72345 g CO2e/ kg fabric x (1 kg/ 1,000 g) = 0.00072345 kg CO2e / kg 
fabric  
 
Total:  
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1.4485 kg CO2e/kg fabric (CO2) + 0.0007644 kg CO2e/ kg fabric (CH4) + 
0.00072345 kg CO2e / kg fabric (N2O) = 1.44999 kg CO2e/ kg fabric 
 

1.44999 kg CO2e/ kg fabric x (1 kg/ 35.274 oz) = 0.0411064 kg CO2e/ oz fabric 
0.0411064 kg CO2e/ oz fabric x (5.37154 oz fabric/ t-shirt) = 0.220805 kg CO2e / 
t-shirt 
0.220805 kg CO2e / t-shirt x (1,000 g/ 1 kg) = 220.805 g CO2e / t-shirt 

 
Materials Required:  

6,586.8637 kg CO2e /ton fabric x 0.0498 (% of GWP from materials)  = 328.0258 
kg CO2e /ton fabric  
328.0258 kg CO2e /ton fabric x (1 ton/ 32,000 oz) = 0.01025 kg CO2e/oz fabric 
0.01025 kg CO2e/oz fabric x (1,000 g/kg) = 10.2508 g CO2e/ oz fabric  
10.2508 g CO2e/ oz fabricx (5.37154 oz/t-shirt) = 55.0626 g CO2e/t-shirt  
 

Wastewater Treatment: 
0.17202 kg CO2 (non-fossil)  
0.17202 kg CO2/ m3 wastewater x (1 kg CO2e/ 1 kg CO2) = 0.17202 kg CO2e/m3 
wastewater  
 
0.00050213 kg CH4 (non-fossil)  
0.00050213 kg CH4/m3 wastewater x (28 kg CO2e /kg CH4) = 0.01405964 kg 
CO2e/ m3 wastewater  
0.17202 kg CO2e/m3 wastewater (CO2) + 0.01405964 kg CO2e/ m3 wastewater 
(CH4) = 0.18608 kg CO2e/m3 wastewater (total GHG)  
0.18608 kg CO2e/m3 wastewater x (1,000 g/kg) = 186.08 g CO2e/m3 wastewater 
186.08 g CO2e/m3 wastewater x (1 m3/ 1,000 L) = 0.18608 g CO2e/ L wastewater 
0.18608 g CO2e/ L wastewater x (1 L wastewater/ 1 kg wastewater) = 0.18608 g 
CO2e/ kg wastewater 
0.18608 g CO2e/ kg wastewater x (21,700.0 kg wastewater/ ton fabric) = 
4037.936 g CO2e/ ton fabric 
4037.936 g CO2e/ ton fabric x (1 ton/ 32,000 oz) = 0.1261855 g CO2e/ oz fabric  
0.1261855 g CO2e/ oz fabric x (5.37154 oz/ t-shirt) = 0.6778105 g CO2e/t-shirt 

 
Total:  

 220.805 g CO2e / t-shirt (energy) + 55.0626 g CO2e/t-shirt (material) + 
0.6778105 g CO2e/t-shirt (wastewater) = 276.545 g CO2e/t-shirt ≈ 280 g 
CO2e/t-shirt 
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FINISHING: 260 g CO2e/ t-shirt 

Attributable Processes: Emissions from energy used for finishing processes. Does not 
include the LCA of any chemicals or materials used in the finishing steps.  
Context: I used the data from the anonymous t-shirt production company in 
Belgium/France to find the emissions from finishing. Finishing involves drying the fabric 
as well as any final steps that will enhance the quality of the fabric. This might include 
using flame retardants or softeners (Van der Velden, 350). It is highly dependent on the 
desired qualities.  
Information Used:  

- The weight of fabric required for each t-shirt is 5.37154 oz. 
- The finishing of 1 kg of 40% PET/60% cotton fabric with a 200 dtex yarn count 

uses 0.60 kWh of electricity and 28.8 MJ of natural gas (Ven der Velden, 343).  
- The combustion of natural gas produces 1.44999 kg CO2e/ kg fabric (this was 

calculated in the dyeing section).  
- An average of 432.165 kg CO2e is emitted per MWh of electricity that is 

generated and distributed in the United States (eGRID). 
Calculation:  

Electricity:  
432.165 kg CO2e/ MWh x (1 MWh/ 1,000 kWh) = 0.432165 kg 
CO2e/kWh 
0.60 kWh/ kg fabric x (0.432165 kg CO2e/ kWh) = 0.259299 kg CO2e/ kg 
fabric  
0.259299 kg CO2e/ kg fabric x (1 kg/ 35.274 oz) = 0.00735110 kg CO2e/ 
oz fabric 
0.0007351 kg CO2e/ oz fabric x (1,000 g/ kg) = 7.35110 g CO2e/ oz fabric  
7.35110 g CO2e/ oz fabric x (5.37154 oz fabric/ t-shirt) = 39.4867 g 
CO2e/t-shirt  
 

Natural Gas:  
1.44999 kg CO2e/ kg fabric x (1 kg/ 35.274 oz) = 0.0411065 kg CO2e/ oz 
fabric  
0.0411065 kg CO2e/ oz fabric x (1,000 g/ 1 kg) = 41.1065 g CO2e/ oz 
fabric  
41.1065 g CO2e/ oz fabric x (5.37154 oz fabric/ t-shirt) = 220.805 g CO2e/ 
t-shirt  
 

Total: 39.4867 + 220.805 = 260.292 g CO2e/ t-shirt ≈ 260 g CO2e/ t-shirt 
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CUT AND SEW: 95 g CO2e/ t-shirt 

Attributable Processes: Using machinery to make fabric into a garment of clothing 

Information Used:  

- The weight of fabric required for each t-shirt is 5.37154 oz. 

- The global warming potential of a 170 g cotton shirt for cutting, sewing, and 
packaging is 0.13941 kg CO2e (Sule, 88). The cutting step generates 29.6% of the 
emissions. The sewing step generates 49.8% of the emissions (Sule, 89).  

Calculation: 

0.13941 kg CO2e x (0.266 + 0.498) = 0.10651 kg CO2e/ 170 g fabric  

0.10651 kg CO2e/ 170 g fabric x (28.3495 g/ 1 oz) = 3.0195 kg CO2e/ 170 oz 
fabric = 0.017762 kg CO2e/ oz fabric  

0.017762 kg CO2e/ oz fabric x (5.37154 oz/t-shirt) = 0.095409 kg CO2e/ t-shirt 
0.095409 kg CO2e/t-shirt x (1,000 g/kg) = 95.409 g CO2e/t-shirt ≈ 95 g 
CO2e/t-shirt 
 

(*note that the weight of the t-shirt goes down after this step. During the cut and sew 
stage, 11.66 % of the original PET (or 0.368434 oz) and 3.5% of the original cotton (or 
0.368634 oz) making the new weight of the shirt approximately 4.63426 oz) 

 
EMBROIDERY: 49 g CO2e/t-shirt 

The embroidery of the t-shirt involves the addition of a custom logo or design to the shirt. This is 
done at Hawkins Embroidery in WA state. It is the last step of production before the product can 
be shipped to the customers. The t-shirts are transported to Hawkins from the Royal Apparel 
facility in New York. Emissions from transportation are included in the next life cycle stage 
which is called “distribution and storage.” The embroidery of Coolperx products is a step in the 
product life cycle that is controlled by Coolperx which means that it requires the collection of 
primary data (Bhatia, 14). Primary data from Hawkins Embroidery is used for the calculations in 
this section and for the transportation emissions associated with embroidery. For more details 
about this look at the “Primary Data Collected from Suppliers” section. I have divided the 
embroidery section into two parts: a life cycle assessment of the materials required and the 
electricity requirement for the operation of the facility.  
 
LCA of Materials Required: 28 g CO2e/t-shirt 
5.6 g CO2e/t-shirt (embroidery thread) + 1.2 g CO2e/ t-shirt (bobbin thread) + 21 g CO2e/ t-shirt 
(pellon backing fabric) = 27.8 g CO2e/t-shirt ≈ 28 g CO2e/t-shirt 
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Embroidery Thread (rayon/viscose): 5.6 g CO2e/t-shirt 

Attributable Processes: pulpwood harvest or agricultural product production, 
dissolving pulp production, viscose staple fiber production, electricity use for 
spinning of fiber into thread 

Context: The most common material for the production of machine embroidery 
thread is called rayon or viscose. It is a man made fiber that is produced from 
cellulose, a material that occurs naturally in the cell walls of plants. Rayon can be 
made from many source materials. These fibers must be spun into thread before 
they are usable for machine embroidery.  

Information Used:  
- Hawkins used 1,616,700 feet of embroidery thread in January 2020 to 

embroider 16,167 logos 
- Viscose staple fiber production creates 5.159 thousand tons CO2e/ 1,000 

tons of viscose staple fiber. This is based on an average of 8 production 
scenarios from around the globe (Schultz, 13) 

- I am assuming that the thread is made of rayon/viscose 
- Most embroidery thread weighs 27 grams per kilometer (tex=27) 
- Given global average data that it takes 3.84 kWh to spin 1 kg of staple 

fiber into yarn (Van der Velden, 335) 
- Emissions data for the US shows that 1 MWh of electricity use generates 

432.165 kg CO2e (eGRID). 
- I did not include transportation emissions or the dyeing of the embroidery 

thread.  

Calculation: 

Amount of thread used to make a logo on each shirt:  
1,616,700 ft embroidery thread/ 16,167 t-shirt = 100 ft embroidery 
thread/t-shirt 
100 ft embroidery thread/ t-shirt x (0.0003048 km/ 1 ft) = 0.03048 km 
embroidery thread/ t-shirt  
0.03048 km embroidery thread/ t-shirt x (27 g / 1 km) = 0.822960 g 
embroidery thread/t-shirt  
 
Emissions from viscose fiber production:  
5.159 thousand tons CO2e/thousand tons viscose staple fiber  = 5.159 g 
CO2e/ g viscose staple fiber = 5.159 g CO2e/ g embroidery thread (does 
not account for material loss)  
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0.82296 g embroidery thread/ t-shirt x (5.159 g CO2e/ 1 g embroidery 
thread) =4.24565 g CO2e/t-shirt  
 
Emissions from spinning of thread:  
0.82296 g viscose staple fiber/t-shirt x (1 kg/1,000 g ) x (3.84 kWh/ 1 kg) 
= 0.00316017 kWh/t-shirt  
0.00316017 kWh/t-shirt x (1 MWh/ 1,000 kWh) = 0.00000316017 MWh/ 
t-shirt  
0.00000316017 MWh/ t-shirt x (432.165 kg CO2e/ MWh) = 0.00136572 
kg CO2e/ t-shirt 
0.00136572 kg CO2e/ t-shirt x (1,000 g/ 1 kg) = 1.36572 g CO2e/ t-shirt  
 
Total Emissions:  
1.36572 g CO2e + 4.24565 g CO2e = 5.61137 g CO2e/t-shirt ≈ 5.6 g 
CO2e/t-shirt 

Bobbin Thread (polyester): 1.2 g CO2e/ t-shirt 

Attributable Processes: Production of polymer pellets and extruder spinning of 
fibers into thread 

Context: Bobbin thread is another type of thread that is used for machine 
embroidery. It is most commonly made out of polyester filament thread.  

Information Used:  
- It requires 2.7 kg CO2e to produce polymer pellets and 0.9 kg CO2e for 

extrusion spinning of 1 kg of 15 tex polyester (Mathu, 15. Wever). This is 
likely a smaller tex than the thread that is actually used, and thus the 
calculation will be an overestimate of emissions since spinning thinner 
threads requires more energy than spinning thicker threads. 

- I am assuming that the thread has a tex of 27 meaning that it weighs 27 
grams per km. This is used in other parts of the calculation.  

- Hawkins used 646,680 feet of bobbin thread to embroider 16,167 logos in 
January 2020. 

- I am not accounting for material loss during the production of thread 

Calculation:  
646,680 ft polyester thread/ 16,167 t-shirt = 40 ft polyester thread/ t-shirt 
40 ft polyester thread/ t-shirt x ( 0.0003048 km/ 1 ft) = 0.012192 km 
polyester thread/ t-shirt 
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0.0121192 km polyester thread/ t-shirt x (27 g/ 1 km) x (1 kg/ 1,000 g) = 
0.000329184 kg polyester thread/ t-shirt 
0.000329184 kg polyester thread/ t-shirt x (3.6 kg CO2e/ 1 kg polyester 
thread) x (1,000 g/ 1 kg) = 1.18506 g CO2e/ t-shirt ≈ 1.2 g CO2e/ t-shirt 

 
Pellon Backing Fabric: 21 g CO2e/ t-shirt 

Attributable Processes: Production of virgin polypropylene fibers 

Context: Pellon backing fabric is used as a stabilizer during machine embroidery. 
It supports the fabric from the back. Some Pellon backing is made of 100% 
polypropylene (PP). Some is a polyester/ cellulose mix and some is 100% rayon. I 
am assuming that the 100% polypropylene (PP) fabric is used. Pellon products are 
made from fibers bonded directly together. 

Information Used:  

- Hawkins uses two 7” x 7” pieces of Pellon backing fabric per logo 
- Most Pellon products intended for embroidery are made from 100% 

polypropylene (PP) fibers that are bonded directly together (Pellon, 11) 
- The production of 40 kg of virgin polypropylene fiber emits 137 kg of 

CO2e (Yin, 2238). 
- I am using the product “360 EZ stitch” as a sample and 20” x 10 yards of 

this product weighs 2.01 lbs. 
- Emissions from transportation and the bonding of fiber to make Pellon is 

not included. 

Calculation: 
(10 yd x (36 in/ 1 yd)) x 20 in = 7,200 in2/ unit 360 EZ stitch 
2.01 lbs/ unit 360 EZ stitch x (453.592 g/ 1 lb) = 911.720 g/unit 360 EZ 
stitch 
911.720 g/ 7,200 in2 = 0.126628 g/in2 pellon 
7 in x 7 in = 49 in2 pellon/ t-shirt 
49 in2 pellon/ t-shirt x (0.126628 g/in2 pellon)= 6.20477 g pellon/ t-shirt 
137 kg CO2e/40 kg pellon x (1,000 g/kg) x (1 kg /1,000 g) = 137 g CO2e/ 
40 g pellon = 3.425 g CO2e/g pellon  
6.20477 g pellon/ t-shirt x (3.425 g CO2e/ g pellon) = 21.2513 g CO2e/ 
t-shirt ≈ 21 g CO2e/ t-shirt 

 
Electricity Use for Operation of Facility: 21 g CO2e/ t-shirt 

Attributable Processes: Electricity required for the operation of the facility 
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Context: Electricity used to operate Hawkin’s Embroidery includes power for the 
operation of 6 embroidery machines, irons, steamers, lighting, heating, and the use of 
some additional appliances. 

Information Used:  
- The energy bill of for the month of January 2020 at Hawkins embroidery was 

approximately $475.00 
- The Snohomish County PUD district #1 electricity bill for small businesses 

consuming less than 30,000 kWh per month is 37 cents a day and 9.04 cents per 
kWh (Snohomish County Public Utility District No. 1)  

- There are 31 days in January 2020.  
- The generation and distribution of 1 MWh of electricity in WA state generates 

198.6 lbs of CO2, 0.021 lbs of CH4, and 0.021 lbs CH4 (eGRID). This information 
is used to determine that there are 199.983 lbs of CO2e emissions per MWh of 
electricity used in WA state. 

- Hawkins embroidered 16,167 logos in January 2020. 

Calculation: 
Energy required per product embroidered: 
$475.00 - ($0.37 cents/day x 31 days) = $475.00 - $11.47 = $463.53 
$463.53 x (1 kWh/ $0.0904) = 5,127.54 kWh (electricity used in facility per 
month) 
5,127.54 kWh/ month x (1 month/ 16,167 products embroidered) = 0.317161 
kWh/ product embroidered 
 
Emissions for electricity mix of WA state:  
Carbon Dioxide (CO2) = 198.6 lbs CO2/MWh x 1(GWP100 value for CO2) = 198.6 
lbs CO2e/ MHh 
Methane (CH4) = 0.021 lbs CH4/MWh x 28 (GWP100 value for CH4) = 0.588 lbs 
CO2e/ MHh 
Nitrous Oxide (N2O) = 0.021 lbs CH4/ MWh x 265 (GWP100 value for N2O) = 
0.795 lbs CO2e/ MHh 
198.6 + 0.588 + 0.795 = 199.983 lbs CO2e/ MWh (electricity mix for WA state) 
 
Emissions per product embroidered: 
199.983 lbs CO2e/ MWh x (1 MWh / 1,000 kWh) = 0.199983 lbs CO2e/ kHh 
0.199983 lbs CO2e/ kWh x (453.592 g CO2e/1 lb CO2e) = 90.7107g CO2e/kWh 
90.7107 g CO2e/kWh x (0.317161 kWh/ product embroidered) = 20.7699 g CO2e/ 
product embroidered ≈ 21 g CO2e/ t-shirt 
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Total Embroidery Emissions:  28 g CO2e/ t-shirt (materials) + 21 g CO2e/ t-shirt (electricity) = 
49 g CO2e/t-shirt 

 

Distribution and Storage: 12 g CO2e 
The distribution and storage of a product begins when the product leaves its production facility 
and ends when it reaches the consumer (Bhatia, 39). For the t-shirt, this includes its 
transportation from Royal Apparel in New York to Washington state and the transportation from 
WA state to the customer. Each of these shipments also includes the entire life cycle assessment 
of the packaging materials that are used during transportation. The product is not sold in a store 
so there are no retail steps or retail emissions.  

 
6.6 g CO2e (to Hawkins) + 5.6 g CO2e (to customer) = 12.2 g CO2e ≈ 12 g CO2e 
 
 TO HAWKINS: 6.6 g CO2e 

Transportation emissions: 0 g CO2e  

Attributable Processes: The shipment of one t-shirt from New York to 
Washington.  

Context: Coolperx uses UPS carbon neutral shipping. The UPS offsets account 
for scope 1, 2, and 3 emissions and are based on their own certified calculation 
methodology.  

Calculation: 0 g CO2e/ t-shirt 

Packaging: 6.6 g CO2e 
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Attributable Processes: The LCA of cardboard required to ship one t-shirt from 
production facility to embroidery facility and the LCA of the plastic bags used to 
package the garment during transportation 

Information Used:  
- The entire lifecycle of 1 kg of cardbord produces 0.533 kgCO2e 

(Gaudreault). This is the same as 0.533 g CO2e/g cardboard. 
-  Hawkins receives clothing that is packaged in cardboard boxes. 2.6 lbs of 

cardboard are used per 35lb box of garments (32.4 lbs of clothing). This 
means that the weight of cardboard required per unit of clothing shipped 
from the facility can be calculated using a conversion factor of  2.6/32.4 or 
0.0802469. 

- Each t-shirt weighs 4.63426 oz 
- 50% of the garments arrive at the facility with plastic packaging made out 

of low-density polyethylene or LDPE. 
- 12,400 kg CO2e are emitted per 400,000 pieces of 250 x 300 mm LDPE 

packaging that is produced, transported, and disposed of by combustion 
(Choi) 

- The sample product used to represent the plastic bag is called the ULINE 
9 x 12 x 0.75 in Poly Clear t-shirt/ Apparel Bag 

Calculation:  

Cardboard:  
4.63426 oz fabric/ t-shirt  x (2.6 units cardboard /32.4 units fabric) = 
0.371885 oz cardboard/ t-shirt 
0.371885 oz cardboard/ t-shirt x (28.3495 g/ oz) = 10.5428 g cardboard/ 
t-shirt  
10.5428 g cardboard/ t-shirt x (0.533 g CO2e/ g cardboard) = 5.61931 g 
CO2e/ t-shirt ≈ 5.6 g CO2e/ t-shirt  
 
Plastic Bag:  
250 mm x 350 mm x 400,000= 35,000,000,000 mm2 

35,000,000,000 mm2 x (0.0393701 in2/ 1 mm2) = 1,377,953,500 in2  
(9 in x 12 in x 2 in) + (9 in x 0.75 in) = 222.75 in2 /polybag 
 222.75 in2/ polybag x (12,400 kg CO2e/ 1,377,953,500 in2) = 0.00200449 
kg CO2e/ polybag  
0.00200449 kg CO2e/ polybag x (1,000 g/ 1 kg) = 2.00449 g CO2e/ 
polybag 
2.00449 g CO2e/ polybag x (0.5 polybags/ t-shirt) = 1.00225 g CO2e/ 
t-shirt ≈ 1.0 g CO2e/ t-shirt 
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Total: 6.6 g CO2e/ t-shirt 

0 g CO2e/ t-shirt (shipping) + 5.6 g CO2e/ t-shirt (cardboard) + 1.0 g CO2e/ t-shirt 
(plastic packaging) = 6.6 g CO2e/ t-shirt 

 
FROM HAWKINS TO CUSTOMER: 5.6 g CO2e/ t-shirt 

Transportation emissions: 0 g CO2e 

Attributable Processes: shipping of one t-shirt from Hawkins Embroidery to the 
customer.  

Context: 95% of the time, the shipment is within the USA. Coolperx uses UPS 
carbon neutral shipping.  

Calculation: 0 g CO2e/ t-shirt 

 
Packaging: 5.6 g CO2e/ t-shirt  

Attributable Processes: The LCA of cardboard required to ship one t-shirt from 
the embroidery facility to the customer. 

Information Used:  
- Given the same information used to calculate the GWP from packaging 

for transportation to the facility 
-  This time, the textiles will only be packaged in cardboard boxes with no 

plastic bags. 

Calculation:  
4.63426 oz fabric/ t-shirt  x (2.6 units cardboard /32.4 units fabric) = 
0.371885 oz cardboard/ t-shirt 
0.371885 oz cardboard/ t-shirt x (28.3495 g/ oz) = 10.5428 g cardboard/ 
t-shirt  
10.5428 g cardboard/ t-shirt x (0.533 g CO2e/ g cardboard) = 5.61931 g 
CO2e/ t-shirt ≈ 5.6 g CO2e/ t-shirt  

 

Use: 1,440 g CO2e/t-shirt 
The use stage of the product life cycle begins when the customer is in possession of the product 
and ends when they dispose of it (Bhatia, 39). For the t-shirt, the main area of use that generates 
emissions is the washing and drying of the product. I am assuming that the shirt is used for two 
years before being disposed of and is washed every two weeks. Note that the emissions in this 
section are highly dependent on the amount of time that the garment is used.  
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180 g CO2e (washing) + 900 g CO2e (drying) + 360 g CO2e (detergent) = 1,440 g CO2e 
 
WASHING: 180 g CO2e/t-shirt 

Attributable Process: Washing the t-shirt 52 times in a standard machine used in the 
United States, with electricity and water supplied using standard procedures for the 
United States. Wastewater treatment is not included here but is in the detergent section.  

Context: 
The research study that I used for this section compared electricity and water use 

of high efficiency washing machines in the USA, China, South Korea, and Europe. This 
allowed the authors to figure out the greenhouse gas emissions generated from using 
different washing machines. Efficiency varies across countries. The use section 
represents a large portion of the life cycle emissions for this t-shirt which makes it 
important to use a sample washing machine that is representative of one that people in the 
US would use. The standards for efficiency are also very different depending on the 
country. The most common washing techniques also differ around the world and this 
impacts the greenhouse gas emissions too. For example, Europeans tend to wash their 
clothes in much warmer water than people in Japan because warm water is often 
associated with cleanliness in Europe (Kim, 906). Factors like washing temperature, load 
size, and electricity source are important (Kim, 906). 
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In the United States, washing machines usually use a warm or cold wash. Our 
energy efficiency standards are a little bit less strict compared to other countries.  A 
standard washing machine is a drum-type. A representative machine was chosen for the 
research study that is referred to in the study as DR7 (Kim, 912). I used the efficiency 
results about DR7 to figure out the greenhouse gas emissions from washing.  
 
Information Used:  

- The weight of 1 t-shirt is 4.63426 oz  
- The DR7 drum-type washing machine from the USA has a capacity of 7.95 kg of 

clothing (Kim, 912).  
- This same washing machine, referred to as DR7 generates approximately 0.20 kg 

CO2e per washing cycle (Kim, 913). Most of the emissions come from electricity 
use which is calculated on the United States power grid. Some of the emissions 
come from water consumption (Kim, 913).  

Calculation:  
(7.95 kg clothing/ washing cycle) x (34.274 oz/ 1 kg) = 272.4783 oz clothing/ 
washing cycle 
(272.4783 oz clothing/ washing cycle) x (1 t-shirt/ 4.63426 oz) = 58.7965 
t-shirts/washing cycle 
(0.20 kg CO2e/washing cycle) x (1 washing cycle/ 58.7965 t-shirts) = 0.00340156 
kg CO2e/ t-shirt 
(0.00340156 kg CO2e/ t-shirt) x 52 = 0.176881 kg CO2e/ t-shirt (over its lifetime)  
(0.176881 kg CO2e/ t-shirt) x (1,000 g/1 kg) = 176.881 g CO2e/t-shirt ≈ 180 g 
CO2e/t-shirt 

 
DRYING: 900 (g CO2e/ t-shirt) 

Attributable Process: Drying the t-shirt 52 times in a standard drying machine used in 
the United States and with electricity from the United States electricity grid 

Context:  
The greenhouse gas emissions generated from drying laundry are dependent on 

many factors including the type of drying machine. 80% of US households have an 
electric dryer so I have chosen an electric dryer as the sample product for this section 
(Energy Star, 1). The load capacity selected is also based on information about average 
dryer characteristics for the United States. My results seem to be consistent with data that 
laundry dryers require about 6 times more electricity than washing machines.  

I believe that this calculation is an overestimate of emissions. This is because 
blended clothing dries faster in an electric dryer than clothing made from 100% cotton 
(Horowitz, 3). In one study, fabric that was 50% synthetic and 50% cotton dried about 
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twice as quickly as clothing that was 100% cotton (Horowitz, 3). This calculation 
assumes that a standard load of laundry contains many fabrics. If the t-shirt were mixed 
with a standard load it would probably be one of the quickest items to dry.  

Information Used: 
- The weight of the shirt is is 4.63426 oz 
- A standard electric dryer will use 967 kWh of electricity for 416 cycles of laundry 

(Energy Star, 6).  
- Electricity in the United States emits an average of 432.165 kg CO2e per MWh of 

electricity generated and distributed (eGRID). This is the same thing as 432.165 g 
g CO2e/ kWh 

- The average maximum capacity of a tumble drier in the United States is 7.6 kg of 
clothing (Laitala, 10). 

Calculation:  
967 kWh/ 416 cycles = 2.324519 kWh/cycle 
2.324519 kWh/cycle x (432.165 g CO2e/kWh) = 1,004.5758 g CO2e/ cycle 
1,004.5758 g CO2e/ cycle x (1 cycle/ 7.6 kg clothing) = 132.181 g CO2e/ kg 
clothing 
132.181 g CO2e/kg clothing x (1 kg/35.274 oz) = 3.74727 g CO2e/ oz clothing 
3.74727 g CO2e/ oz clothing x (4.63426 oz/t-shirt) = 17.3658 g CO2e/t-shirt  
 17.3658 g CO2e/t-shirt x 52 (# of times dried over lifetime) = 903.022 g 
CO2e/t-shirt dried over its lifetime ≈ 900 g CO2e/t-shirt 

 
DETERGENT: 360 g CO2e/t-shirt 

Attributable Process: LCA of Ariel Compact Liquid Detergent manufactured by Procter 
& Gamble excluding the use stage (running washing machine). Includes extraction, 
transportation, manufacturing of chemicals, packaging and transportation, and sewage 
water treatment. 

Context: The research study used for this calculation was carried out in the UK. They 
conducted a complete life cycle assessment for multiple different types of laundry 
detergent. The compact liquid detergent is the most relevant to what people use in the 
United States. 

Information Used:  
- 1 t-shirt weighs 4.63426 oz 
- 933 g CO2e are emitted for one wash cycle using 4.5 kg of textile or 

approximately 233 g CO2e for one wash cycle excluding the use stage which 
accounts for about 75% of the total CO2e. When the use stage is excluded, we are 
left with the LCA of the laundry detergent.  
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Calculation:  
233 g CO2e/ 4.5 kg clothing = 51.7777 g CO2e/ kg clothing 
51.7777 g CO2e/ kg clothing x (1 kg /34.274 oz) = 1.510701 g CO2e/ oz clothing  
1.510701 g CO2e/oz clothing x (4.63426 oz/t-shirt) x (52 washes) = 364.051 g 
CO2e/t-shirt ≈ 360 g CO2e/t-shirt 

 

End of Life: 79 g CO2e/ t-shirt 
The end of life stage starts when the product is thrown away by its user and ends when the 
product is either recycled or returned to nature (Bhatia, 134). In the United States, 14% of 
textiles are recycled into new products, 17% are combusted with energy recovery, and 70% go to 
a landfill (“A to Z Directory…). The EPA has released an extensive report on the emissions from 
the waste disposal of various materials called the Waste Reduction Model (WARM). However, 
this database does not include textiles yet. Textile categories are going to be added in the next 
version of WARM in 2021 or later. I was able to calculate the end of life emissions of the t-shirt 
using data from ecoinvent, a large life cycle inventory database.  

 
0 g CO2e/ t-shirt (recycling) + 29 g CO2e/ t-shirt (combustion) + 50 g CO2e/ t-shirt (landfilling) = 79 g CO2e/ t-shirt  
 
RECYCLING: 0 g CO2e 

Attributable Processes: Recycling of the product is attributed to the second lifecycle of 
the t-shirt and not to this assessment.  

Context: The allocation method that I am using for this calculation is the recycled 
content method which states that all emissions from a recycled product are allocated to 
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the life cycle that uses that product (Bhatia, 64). Therefore, the emissions for the 
recycling of the t-shirt is 0 kg CO2e since any greenhouse gas emissions will be attributed 
to the next life cycle. This ensures that emissions will not be double counted. The EPA 
refers to the recycling of textiles as the transformation of the material into a new product. 
Recycling not the same as reuse of the t-shirt. 

Information Used:  
- 14% of textiles are recycled in the United States (Wittstruck) 
- No emissions will be allocated to this lifecycle 

Calculation:  
0 g CO2e x 0.14 (because 14% are recycled) = 0 g CO2e 

 
LANDFILLING: 50 g CO2e/ t-shirt 

Attributable Processes: Short and long term emissions from landfilling of waste cotton 
and jute in unsanitary landfills (global study), emissions from PET landfilling (United 
States). Curbside collection of waste, transportation to transfer center, and transportation 
to landfill.  

Context: Data for landfilling comes from a global study on textile waste in unsanitary 
landfills. This is not perfectly representative of landfilling practices in the United States. 
In unsanitary landfills waste is not isolated from the environment and there is no 
emissions capturing. The materials studied are waste cotton and waste jute. Since the 
t-shirt only contains 50% natural fibers, I used this data in combination with WARM data 
about emissions from PET plastic in the United States to account for the other 50% of the 
greenhouse gas emissions. PET plastic does not readily break down in a landfill and does 
not release as much greenhouse gases.  

Information Used:  

- The landfilling of 1 kg of waste textile causes 0.078615 kg of CO2 emissions and 
0.036311 kg of CH4 emissions (Levova). 

- The landfilling of one ton of PET plastic causes 20 kg of CO2e emissions 
(Wittstruck). 

- 70% of textiles go to landfills in the United States (Wittstruck). 
- Transportation calculations use data that it requires 0.04 million Btu of diesel fuel 

to collect and transport 2,000 pounds of municipal solid waste 20 miles to the 
landfilling center (United States, 5). 

- Waste travels an average of 24.51 miles by truck to get to a transfer station (King 
County Department of Natural Resources, 119). In Seattle, it will travel 
approximately 230 miles by train after this in order to get to a landfill in 
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Arlington, Oregon and this distance will be used for the calculation (king County 
Solid Waste Division, 91). 

- US railroads move one ton of freight about 470 miles with one gallon of diesel 
fuel (Freight Rail). 

- 1 gallon of diesel fuel is 137,381 Btu (EIA) and its combustion emits 10.18 kg 
CO2e (Greenhouse Gases Equivalencies Calculator). 

Calculation:  
Cotton:  
Carbon Dioxide: 0.078615 kg CO2 x 1 (GWP100 value for CO2) = 0.078615 kg 
CO2e 
Methane: 0.036311 kg CH4 x (GWP100 value for CH4) = 1.0167 kg CO2e 
0.078615 kg CO2e + 1.0167 kg CO2e = 1.0953 kg CO2e/ kg of cotton landfilled 
4.63426 oz/ t-shirt x 0.5 (50% of weight is cotton) = 2.31713 oz cotton landfilled/ 
t-shirt 
2.31713 oz cotton landfilled/ t-shirt x (1 kg / 35.274 oz) = 0.065689 kg cotton 
landfilled/ t-shirt 
0.065689 kg cotton landfilled / t-shirt x ( 1.0953 kg CO2e/ kg cotton landfilled) = 
0.07195 kg CO2e/t-shirt 
 
PET Plastic: 
4.63426 oz/ t-shirt x 0.5 (50% of weight is PET) = 2.31713 oz PET landfilled/ 
t-shirt 
2.31713 oz PET landfilled/ t-shirt x (1 kg / 35.274 oz) = 0.065689 kg PET 
landfilled/ t-shirt 
20 kg CO2e / ton PET landfilled x (1 ton/ 907.185 kg) = 0.0220462 kg CO2e/ kg 
PET landfilled 
0.065689 kg PET landfilled/ t-shirt x (0.0220462 kg CO2e/ kg PET landfilled) = 
0.0014482 kg CO2e/ t-shirt  
 
Transportation to Transfer Station:  
0.04 MMBtu diesel/ 20 miles  x (1,000,000 Btu/ 1 MMBtu) = 40,000 Btu diesel/ 
20 miles = 2,000 Btu diesel/ mile/ 2,000 lbs textile waste = 1 Btu diesel/ mile/ lb 
textile waste  
1 Btu diesel/ mile/ lb textile waste  x (1 gallon of diesel/ 137,381 Btu) = 
0.00000727903 gallons diesel/ mile/ lb textile waste  
0.00000727903 gallons diesel/ mile/ lb textile waste x 24.51 miles = 0.000178409 
gallons diesel / lb textile waste  
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0.000178409 gallons diesel / lb textile waste x (10.18 kg CO2e/ gallon diesel) = 
0.00181620 kg CO2e/ lb textile waste  
4.63426 oz/ t-shirt x (1 lb/ 16 oz) = 0.289641 lbs/ t-shirt  
0.289641 lbs/ t-shirt x (0.00181620 kg CO2e/ lb textile waste) = 0.000526046 kg 
CO2e/ t-shirt  
 
Transportation to Landfill:  
4.63426 oz/ t-shirt x (1 ton/ 32,000 oz) = 0.000144821 tons/ t-shirt 
0.000144821 tons/ t-shirt x (1 gallon diesel/ 470 miles/ 1 ton textile) = 
0.000144821 gallons diesel/ 470 miles/ t-shirt = 0.000000308130 gallons diesel/ 
mile/ t-shirt 
0.000000308130 gallons diesel/ mile/ t-shirt x 230 miles = 0.0000708700 gallons 
diesel/ t-shirt  
0.0000708700 gallons diesel/ t-shirt x 10.18 kg CO2e = 0.000721457 kg CO2e/ 
t-shirt 
 
Total Transportation:  
0.000721457 + 0.000526046 = 0.00124752 kg CO2e/ t-shirt 

 
Total/Adjustment for Waste Treatment Method:  
0.0014482 (PET) + 0.07195 (cotton) + 0.00124752 (transportation) = 0.07222 kg 
CO2e/ t-shirt 
0.07222 kg CO2e x (1,000 g/ kg) = 72.22 g CO2e 
78.91 g CO2e x 0.7 (because 70% are landfilled) = 50.55 g CO2e/ t-shirt ≈ 50 g 
CO2e/ t-shirt 

 
COMBUSTION: 29 g CO2e/ t-shirt 

Attributable Processes: Waste incineration in a municipal solid waste incinerator 
starting from reception gate to delivery to waste bunker. Includes long and short term 
emissions. Also includes transportation emissions (Curbside collection of waste, 
transportation to transfer center, and transportation to incinerator.) 

Context:  

The data for emissions from combustion with energy recovery comes from a 
study on emissions that are generated from the incineration of soiled textile products in a 
municipal solid waste incinerator. The technology is applicable to processes in the United 
States. The result of this calculation was that the incineration of 1 ton of textile waste 
produces about 1,141 kg of CO2e. The WARM database reports that the incineration of 
PET plastic produces 1,240 kg CO2e. The EPA data includes curbside collection and 
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transportation of waste while the textile calculation does not which may contribute to the 
final number being slightly higher. The t-shirt in question is a textile made out of 50% 
natural material and 50% plastic. However, the calculation based on the textile data 
appears to represent the emissions of the t-shirt well. Incorporating PET combustion data 
would not heavily impact the final result of this project. 

The incineration data was collected in Switzerland in 2010 but technology and 
process is applicable to North America. Textiles studied are soiled fabrics such as 
cleaning threads or used protective clothing. I assume that transportation distance to the 
incineration facility is similar to transportation distance to a landfill and so I have reused 
the transportation calculation from the landfill section. On average, waste travels 5.04 
miles farther to get to a transfer station when it is going to be combusted than to get to a 
transfer station before moving on to a landfill (King County, 119). I have assumed that 
This difference is negligible. 

Information Used:  
-  The incineration of 1 kg of textile waste produces 0.35131 kg of CO2 from fossil 

fuel sources, 0.90655 kg CO2 from non-fossil sources, 1.3487E-07 kg CH4 from 
fossil sources, and 3.4804E-07 kg CH4 from non-fossil sources (Doka). Fossil 
sources refer to the fuel used to burn the textiles while non-fossil emissions come 
from the textile itself. 

- Also given that 17% of textiles are combusted in the United States (Wittstruck). 

Calculation:   
Combustion of Textile Waste:  
Carbon Dioxide: (0.35131 kg CO2 + 0.90655 kg CO2) x 1 (GWP100 value for CO2) 
= 1.25786 kg CO2e 
Methane: (0.00000013487 kg CH4 + 0.00000034804 kg CH4 ) x 28 (GWP100 value 
for CH4) 
= 0.000013521 kg CO2e 
Total: 1.25786 kg CO2e + 0.000013521 kg CO2e = 1.25787 kg CO2e/ kg textile 
incinerated 
 
4.63426 oz textile incinerated/ t-shirt x (1 kg/ 34.274 oz) = 0.135212 kg textile 
incinerated / t-shirt 
0.135212 kg textile incinerated/ t-shirt x (1.25787 kg CO2e/ kg textile incinerated) 
= 0.170079 kg CO2e/ t-shirt 
 0.170079 kg CO2e/ t-shirt x (1,000 g/ 1 kg) = 170.079 g CO2e/ t-shirt 
 
Transportation:  
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0.00124752 kg CO2e/ t-shirt (from previous calculation) x (1,000 g/kg) = 1.24752 
g CO2e 
 
Total/Adjustment for waste Treatment Method:  
170.079 + 1.24752 = 171.327 g CO2e/ t-shirt 
171.327 g CO2e/ t-shirt x 0.17 (because 17% are combusted) = 29.126 g CO2e/ 
t-shirt ≈  29 g CO2e/ t-shirt 

 

Assumptions and Possible Sources of Error:  
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Life Cycle Stage Assumptions/ Possible Sources of Error 

General  ● Calculation is for medium-sized shirts. Different sizes of shirts 
will require different quantities of material and have different 
footprints. 

● The calculation for the size of the shirt uses the width and 
height provided for a medium sized shirt on the royal apparel 
website. It is an approximation. 

● Data for electricity generally uses electricity sources specific 
to the state or to the subregion for facility operations but could 
be more accurate by gathering more detailed data about 
electricity sources.  

● Many of the production sections only count the electricity 
required to carry out a certain process. This covers the bulk of 
the emissions but excludes electricity use for facility 
operations as well as the LCA of any materials required. 

Material Acquisition and 
Preprocessing  

● Assumed that the excess for rPET fiber is the same as it is for 
cotton in areas where data was unavailable.  

● Estimated the weight of the product based on product 
dimensions. Accuracy could be improved.  

● Emissions from ring spinning assume that the product is 
produced in the USA. Royal apparel buys their thread from 
domestic and imported sources. 

Production ● Energy costs for embroidery facility are calculated assuming 
that they are charged as a small business 

● Electricity bill for January at Hawkins may not be 
representative of electricity use the rest of the year (may 
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require more electricity for heating)  
● Assumes that PP fibers for pellon fabric are produced from 

virgin materials and not recycled 
● Data on knitting is for cotton, not blended fabric  
● The GWP values for production do not account for all facility 

electricity use 

Distribution and Storage ● Assumed that finished shipped from Hawkins embroidery are 
not packaged in plastic (only about 5% are shipped in plastic 
at customer’s request) 

● Trusted UPS carbon neutrality claim for carbon neutral 
shipping 

Use  ● Assume used for two years, washed every two weeks this 
could vary between users or be updated if more accurate user 
data is available 

● CO2e from washing machine use is based on a study 
conducted on one US washing machine. This washing 
machine uses less water and requires less electricity than an 
average machine. Only 24% of US households had an energy 
star washing machine in 2005 (Golden, 53). Accuracy might 
be improved by averaging the results from more machines. 

● Detergent is assumed to be liquid. Used a sample product 
(Ariel Compact Liquid) that might not be perfectly 
representative 

● Assumed that the washer and dryer are loaded to their full 
capacity. Further research into consumer use data would be 
helpful. 

Disposal ● Calculation does not account for donation and reuse of textile 
products which is common in the United States. If you want to 
account for donation then some of the end of life emissions 
can be allocated to the second life of the product after it is 
donated.  

● The study on incinerated textiles was on soiled textiles and 
assumed that 5% was waste oil which probably would not be 
the case for this product.  

● Data for landfill emissions comes from an unsanitary landfill 
that does not use emissions capturing 



 

 
 

Primary Data Collected from Suppliers:  
Embroidery at Hawkins Embroidery  
GENERAL INFORMATION:  

Does the entire process occur at one production facility? YES 
Machinery used and description of processes included: 5 multi-head embroidery machines 
(and one single head machine), each of which utilizes a 110-volt electric motor. Each machine is 
15-20 feet long and weighs 2,000+ lbs. Finishing involves cutting loose threads, and the 
backings of the designs, folding manually and shipping. Otherwise, they have normal lighting 
and climate controls for a 14,500 square foot facility (11,000 warehouse/3,500 office). 
Materials required:  

Material 1: Embroidery Thread (Rayon) 
Quantity Required: 1,616,700 feet in January 2020 
Source: not specified 

Material 2: Bobbin Thread (polyester) 

Quantity Required: 646,680 feet in January 2020 
Source: not specified 

Material 3: Pellon Backing Fabric  

Quantity Required: 390,000 pieces per year, (two 7” x 7” pieces per logo) 
Source: not specified 

Electricity Source: From city  

Zip code of production facility: Snohomish, Washington (98012). 

 
ESSENTIAL INFORMATION 

Amount of product produced during a given period of time: (could be measured in weight or 
in quantity): January 2020 Hawkins embroidered 16,167 logos 

Amount of electricity used during the same period of time: (can report in kWh or as the 
amount paid for an electricity bill): PUD bill was $475.00 in January 2020 
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● Assumed that the distance traveled from a waste transfer 
station to the landfill/ combustion center is 230 miles and that 
transportation is by rail 



 

TRANSPORTATION 

How are the products transported to you? 
Method of Transportation: UPS or FedEx 

Approximate Distance: Shipped from production site in New York (Royal Apparel) 
Packaging: Arrive in the same boxes that they are shipped out in. 50% are polybagged.  

Do finished products ship directly to customers? 95% of the time 
How are finished products transported to their next location? 

Method of Transportation: UPS or FedEx. 
Approximate Distance: Within the United States  
Packaging: The average 35 lb box of garments is shipped in a cardboard box that weighs 
2.6 lbs when empty. About 5% of the garments we ship will be poly-bagged (at the 
customer’s request). Typically that is only done when the garments will be shipped 
overseas or if they are to be sold retail where they will be kept in inventory for some 
time. There are about 35 boxes weighing about 35 lbs each a month (under normal 
conditions). 

Data collected over email in July 2020 from Clay at Hawkins Embroidery 
(mailto:ch@hawkinsemb.com) 

 

Production at Royal Apparel 
From an online chat on 8/13/20 with a customer service representative, Gigi Garcia.  

“All our facilities comply with applicable environmental laws and regulations. We only use low 
impact, fiber reactive dyes in our garments that are not harmful to the environment. This means 
that our dyes do not contain any heavy metals or toxic substances. Our pretreatment facility 
improves our waste water efficiency, and minimizes water usage through our procedures. See 
our Knitting facility video. This applies to all styles both organic and non-organic. Recycled 
water is used in our dye facilities as well. In addition, we use recycled and organic materials in 
many styles. We are committed to doing our part in offering sustainable, Eco-friendly products 
and manufacturing methods that work with our planet, not against it. In addition to tracing our 
Eco efforts to our raw materials, we also implement recycling practices at our offices. 

During our cutting of our fabrics ,we use the Gerber Software , that minimizes fabric wastage. In 
addition by adding infant through youth styles, as well as accessories ( I.E. headbands ) allows us 
to further reduce fabric wastage. Then any scraps are recycled within our community. 

Royal Apparel is Recognized by PSEG Energy Efficiency Programs as a GREEN BUSINESS 
LEADER for our efforts to save energy and reduce greenhouse gas emissions.” 
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“We create our own fabric”  

“Our products are all made in the USA with domestic and imported yarn”  

“All of our products are shipped from NY.”  

 
From a conversation over email with customer service representative, Tara Navarro, on 
Oct. 12th 2020 

 “We are considered yarn forward.  That means we purchase the yarn, but knit our own fabric. 
So any mixed fabrics we have knit together. You can see some details of our knitting here: 
https://www.youtube.com/watch?v=simzE7S-8o8” 
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