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Executive Summary 

 

With the ever-increasing awareness of global warming and the consequences our actions 

have on the environment, enterprises have been urged to re-examine their business 

practices in favour of eco-friendly alternatives. From production design, development, 

material sourcing, manufacturing and distribution, to marketing and waste management, 

companies are considering greener strategies as consumers demand more environmentally 

accountable approaches to product supply.  

Currently, South African customers are not informed about the carbon footprints of the 

products they purchase. The term „carbon footprint‟ describes the amount of greenhouse gas 

(GHG) emissions, measured in units of carbon dioxide, produced by human or entity 

activities. This is a means for organisations to assess their contribution to climate change. 

This paper aims to explore ways to reduce greenhouse gas emissions in supply chains, 

using the textile industry as a case study. In order to reduce carbon emissions, a clear 

understanding of how emissions may be measured across the entire supply chain of a 

product, is required. 

A carbon footprint calculator model is developed to determine the carbon footprint of 100% 

organic T-shirts at a major South African clothing retailer. Emissions from raw materials, 

manufacturing processes, storage and distribution are considered and result in a total 

carbon footprint of 5.432 kg CO₂e per T-shirt. The study makes possible the identification of 

new opportunities for reducing the carbon footprint of the product. Recommendations are 

made and it is concluded that energy efficiency is the key to a lowered carbon footprint. 

Furthermore, switching to a manufacturer that makes use of renewable energy sources 

could reduce carbon emissions. 
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Chapter 1 

1. Introduction  
 

With the ever-increasing awareness of global warming and the consequences our actions 

have on the environment, enterprises have been urged to re-examine their business 

practices in favour of eco-friendly alternatives. From production design, development, 

material sourcing, manufacturing and distribution, to marketing and waste management, 

companies are considering greener strategies as consumers demand more environmentally 

accountable approaches to product supply.  

 

The term „carbon footprint‟ has become a buzzword in the campaign against global warming. 

According to Wiedmann and Minx (2008), a carbon footprint is a measure of the total amount 

of greenhouse gas emissions directly and indirectly accumulated over the life-cycle of a 

product. With climate change high on the political and corporate agenda, carbon footprint 

calculations are in strong demand. 

 

A 2006 study showed that South Africans emitted 414,649 thousand metric tons of carbon 

dioxide (excluding other greenhouse gasses) per annum. This figure represents 1.5% of 

global carbon dioxide emissions (United Nations Statistics Division, 2009).  

 

A study in the UK found that more than 70% of customers would like more information 

regarding the carbon footprint of the products they want to purchase, and 63% of these UK 

customers admit they would switch to brands with smaller carbon footprints (McDermott, 

2009). As the world is becoming increasingly carbon-constrained, businesses have to meet 

consumer needs by taking pro-active approaches toward lowering their products‟ carbon 

footprints in attempts to mitigate climate change. Reducing carbon footprints is of utmost 

concern.  

 

“Taking action on climate change delivers energy cost reductions, enhanced reputation, 

satisfied and motivated employees and stakeholders, the ability to proactively manage 
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regulatory compliance, and competitive leadership through planning new business 

innovations” (Carbon Trust, 2009). 

 

1.1  Opportunities for improvement 

As the issue of climate change is gaining importance, there is an increased recognition of 

the need to reduce carbon emissions. Calculating the carbon footprints of products is a 

credible way for businesses to contribute in the fight against global warming. There are 

opportunities to calculate the carbon emissions for a wide variety of products since the 

emissions of only a limited number of products have been calculated. There is need for a 

systematic, consistent and accurate carbon analysis method.  

 
 

1.2 Research Design 

The aim of this project is to develop an accurate generic mathematical carbon footprint 

calculator model in order to determine the carbon footprint of white T-shirts at a major South 

African clothing retail group. In addition, this project will suggest ways  to lower the carbon 

footprint of a T-shirt in this supply chain by utilising the GreenSCOR model. 

 

1.3 Research Methodology  

The first part of the project is a detailed literature review of the textile supply chains‟ 

contribution to global warming. The concept „carbon labelling‟ will be explained and Green 

Supply Chain Management and GreenSCOR will be considered in detail. 

 

The next part of the project is determining the 𝐶𝑂2𝑒 emissions released per T-shirt at a major 

South African clothing retailer. The various inputs are converted to deliver the total carbon 

footprint per T-shirt throughout its entire supply chain.  

 

After determining the 𝐶𝑂2𝑒 emissions per T-shirt, the various GreenSCOR metrics will be 

used to discover ways of lowering the carbon emissions throughout the supply chain of T-

shirts. In conclusion, recommendations will be made for a more eco-friendly T-shirt supply 

chain. A cost analysis will be done on the transportation of the supply chain to determine the 

impact that a lowered carbon footprint has on the financial aspects of the supply chain. 
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Chapter 2 

2. Literature Study 
 

2.1 The supply chains’ contribution to carbon footprinting 

In this paper, the following classifications of supply chains carbon footprinting will be 

considered (Sundarakani et al., 2010): 

 stationary sources, i.e. emissions from raw material processing, product manufacturing 

and warehousing;  

 non-stationary sources, which include carbon emissions from inbound and outbound 

logistical activities. 

Both stationary and non-stationary activities in a supply chain release greenhouse gas 

emissions and thus contribute to the carbon footprint of a product. The greenhouse gas 

emissions are measured in kilograms carbon dioxide equivalent units (kg CO₂e), which 

includes all the greenhouse gasses, namely carbon dioxide (CO2), methane (CH4), hydro 

fluorocarbons (HFCs), per fluorocarbons (PFCs) and sulphur hexafluoride (SF6).  

 

2.2 Why calculate a Carbon Footprint?  

It is important to calculate the carbon footprints of products and services in order to find 

innovative and practical ways to reduce emissions over time. Calculating the carbon footprint 

of a product is an effective tool for environmental management and combating climate 

change. Consumers want to know products‟ carbon emissions (Carbon Trust, 2007). Thus 

by calculating carbon emissions and publicly disclosing the carbon footprint details of their 

products, organisations can increase customer satisfaction (Defra, 2009). By quantifying the 

carbon emissions, new opportunities to reduce these emissions at a low cost can be 

identified and developed in the design, making and supplying of products (Pekala, Tan, Foo, 

& Jezowski, 2010). Carbon Trust Chief Executive Tom Delay advises: "In addition to 

measuring and reducing the carbon footprint of their products, from clothing to cosmetics 
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and cottage pies, businesses will be able to offer advice to the public about the most 

environmentally friendly ways to choose, use and dispose of their products" (Carbon Trust, 

2009).  

 

2.3 Methods, approaches and tools to calculate a carbon  

footprint 

A number of methods, approaches and tools have been developed to calculate carbon 

emissions. Four key techniques will be discussed. 

 

The first technique is the input-output technique. This technique assigns carbon emissions to 

a country as a whole according to its import and export of goods and services (Wang & 

Watson, 2007). The Green Design Institute (2008) explains that an input-output model is a 

mathematical procedure that uses inputs such as environmental and economical data to 

determine the total carbon emissions of a production sector as output. This model, however, 

is not suitable for the purpose of this project, as the project aims to determine the carbon 

emissions in the supply chain of a product and not that of a country or organisation.  

 

An ecological footprint assessment is a tool based on consumption. Wackernagel and Rees 

(1996) define an ecological footprint as “the area of productive land and water systems 

required to produce the resources that the population consumes and assimilate the wastes 

that the population produces.” The tool analyses the amount of resources used, dependence 

of the population group, productivity levels of nature, and waste. The ecological footprint can 

be applied to communities and organisations and is measured in the area unit, global 

hectares (Kejun, Cosbey, & Murphy, 2008). Although theoretically sound, it is difficult to 

apply the ecological assessment model, as the required data is neither easily measurable 

nor easily attainable.  

 

The Hybrid Life-Cycle Methodology is used to assess individual products, such as recycled 

paper. According to Kejun, Cosbey and Murphy (2008), this tool combines a “bottom-up 

process analysis with a top-down environmental input-output approach.” The process 

analysis requires stationary sources of embedded carbon while the input-output analysis is 

covered by non-stationary sources. The methodology can only be used to measure the 

emissions of micro-systems and requires a vast amount of detailed data to calculate the 
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carbon footprint in every step of the supply chain. Data of this detailed nature is not widely 

available in developing countries such as South Africa.  

 

The life-cycle assessment (LCA) method systematically assesses the energy use across a 

product‟s supply chain, from the raw material extraction to the disposal of the product 

(Reich-Weiser & Dornfeld, 2009). This methodology to systematically assess the energy use 

across a product‟s supply chain was developed by the Carbon Trust (2006). This technique 

proved to be most suitable for the carbon calculations of this project. Figure 1 provides an 

illustration of the life-cycle extent of a T-shirt. Environmental impacts are emitted from cradle 

to grave.  

 

Figure 1: Product Environmental life-cycle (Cash & Wilkerson, 2003) 

 

 

LCA generally entails the interrelation of the following three parts ( U.S Environmental 

Protection Agency, 2010): 

 compiling an inventory of energy resources and materials used throughout the supply 

chain; 

 evaluation of the potential environmental impacts; and 

 assessment and implementation of emission reduction opportunities. 

 

2.4 Advantages of Carbon Footprint calculation  

Businesses are increasingly confronted with the implications of global warming and climate 

change. Organisations that actively participate in the fight against global warming derive 

numerous benefits from doing so. According to Srivastava (2007), these advantages include: 
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 Reduced operating costs: increasing the efficiency of the supply chain can result in 

decreased resource employment and therefore lower operating costs. 

 Increased customer satisfaction: by capitalising on the important marketing and 

global communication and media opportunities, customer satisfaction increases as 

companies‟ climate awareness increases. 

 Regulation: understanding the potential carbon related taxes, tariffs and other 

legislation.  

 Improved reputation: distinguishing companies‟ offerings and branding companies as 

green leaders, thus enhancing the goodwill of brands. 

 

2.5 The Carbon Label 

A carbon label is a public display of a product‟s total GHG emissions throughout its life-cycle 

up until the stage where the consumer buys the product. There is a great need to inform 

customers about the carbon footprints of the products they purchase so as to enable them to 

choose brands that are less damaging to the environment (Carbon Trust, 2006). Currently, 

the British grocery store Tesco is determining the carbon emissions of all 70 000 of their 

products and attaching labels displaying the carbon breakdowns of every product (Finch, 

2008). These labels are comparable to food labels displaying nutritional values and are 

attached to the packaging of the product like a regular product label. The figure on the label 

is given as CO2e per product (i.e. how many grams of GHG the product emitted during the 

raw material sourcing, production and distribution), thus enabling customers to make 

environmentally informed product choices.  

 

2.6 Green Supply Chain Management (GrSCM) 

Srivastara (2007) defines green supply chain management (GrSCM) as:  

“integrating environment thinking into supply chain management, including product design, 

material sourcing and selection, manufacturing processes, delivery of the final product to the 

consumers, and end-of-life management of the product after its useful life.” 

 

Green Supply Chain Management has expanded due to environmental managers taking 

both life-cycle analysis (LCA) and the environmental impact of products into consideration 

when looking at supply chains. GreenSCOR has been designed to close the gap between 
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these two perspectives, as illustrated in Figure 2. It has been found that by planning process 

activities whilst keeping the environmental impact of the processes in mind, the results may 

be cost savings and increased customer support (Cash & Wilkerson, 2003). 

 

Figure 2: Green Supply Chain Management (GreenSCOR, Supply Chain Council, 2008) 

 

 

2.6.1 GreenSCOR 

According to the Supply Chain Council (2008), an environmental footprint of a product can 

be measured by taking five strategic environmental metrics into account. Table 1 illustrates 

these metrics. These metrics can be measured for SCOR Level 3 processes and then  

combined to create a metric for Levels 1 and 2. Making green additions to the current SCOR 

framework, adds Processes, Metrics and Best practises to SCOR and it enables 

management of the environmental impacts of a supply chain. 

 Processes  

Identifying the processes in a supply chain and the associated functions. 

 Metrics  

Evaluation and benchmarking of the carbon footprint of a supply chain. 

 Best practises  

Identifying carbon reduction opportunities in the supply chain. 

For the purpose of this project, only metrics pertaining to Carbon Emissions will be looked at. 

Emissions values will thus be based on energy consumption throughout the supply chain.  

 

 

 

 

 



14 
 

 

Table 1: Environmental footprint metrics (GreenSCOR, Supply Chain Council, 2008) 

Metric Units Basis 

Carbon Emissions Tons CO₂ Equivalent This is the unit of measure currently 

used for green house gas emissions 

and is a measure of the climate 

impact from CO₂ and other global 

warming air emissions. 

Air Pollutant Emissions Tons or kg This would include emissions of major 

air pollutants (𝐶𝑂𝑥 , 𝑁𝑂𝑥 ,𝑆𝑂𝑥 , Volatile 

Organic Compounds (VOC) and 

Particulate).  

Liquid Waste Generated Tons or kg This includes liquid waste that is 

either disposed of or released to open 

water or sewer systems (these 

emissions are generally listed on 

water emissions permits). 

Solid Waste Generated Tons or kg The total solid waste generated by the 

process. 

% Recycled waste Percent The percent of the solid waste that is 

recycled. 

 

The GreenSCOR framework is an instrument for communicating and structuring green 

supply chain management (GrSCM) programmes “to get faster, repeatable, collaborative 

results” (GreenSCOR, Supply Chain Council, 2008). An environmental approach has been 

applied to the Supply Chain Council‟s SCOR structured model, resulting in a GreenSCOR 

model illustrated in Table 2. 

 

Table 2 shows the potential environmental impacts of the highest level of analysis, Level 1, 

indicating best practices for areas where environmental impact is created in the product life-

cycle. The model integrates best practices and metrics into the SCM process and places 

emphasis on each step in the supply chain of a product. The GreenSCOR model is used to 

identify opportunities to reduce carbon emissions in the T-shirt supply chain. 
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Table 2: SCOR process environmental impacts 

SCOR 

process 
Potential Impact 

Plan  Supply chain partners collaborate on environmental issues 

 Plan to minimise energy consumption 

Source  Select suppliers with positive environmental records 

 Select materials with environmentally friendly content 

 Minimise delivery distance 

Make  Minimise energy consumption 

 Minimise packaging material 

Deliver  Route to minimise fuel consumption 

 Retrieve packaging for re-use 

Return  Minimise delivery distance 

 

Figure 3 illustrates how each stage in the product life-cycle consists of a combination of 

steps, which all contribute to the carbon emissions or environmental impact of a supply 

chain. 

Figure 3: Environmental life-cycle assessment and GreenSCOR 
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2.6.2 Advantages of GreenSCOR 

According to Cash and Wilkerson (2003), the adoption of GreenSCOR gives rise to three 

primary benefits: 

 Improved green management 

The goal of green SCM is to analyse a supply chain to identify opportunities to mitigate 

carbon emissions. GreenSCOR makes it possible to identify the best practices to do so. 

GreenSCOR requires the use of a clear set of metrics, which improves environmental 

management. Furthermore, environmental management benefits because it is possible to 

track intended environmental impacts in the supply chain. 

 Improved SCM performance 

Identifying environmental impacts directly translates into improved SCM. GreenSCOR 

initiates best practices and metrics, which simplifies the task of improving efficiency 

throughout the supply chain of a product. 

 Improved green SCM 

By making an allowance for environmental best practices in the supply chain metrics, the 

impact of the environmental factors is more visible. With improved environmental SCM come 

improved performance, greater operations efficiency and enhanced customer satisfaction. 

Improved green supply chain management improves agility, increases adaptability and 

promotes alignment of business processes. 

 

2.6.3 GreenSCOR Metric Structure 

The carbon footprint of a supply chain is illustrated in Figure 4. The carbon footprint of a 

supply chain is equal to the sum of the carbon emissions from energy used in production 

processes and fuel consumed. 
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Figure 4: Hierarchical Metric Structure (GreenSCOR, Supply Chain Council, 2008) 

  

The carbon footprint of the Carbon Emissions of the Plan portion of a supply chain is 

illustrated in Figure 5. Plan Carbon Emissions = Sum of Carbon Emissions associated with 

Plan (Plan + Source + Make + Deliver + Return). 

Figure 5: Carbon Emissions associated with Plan (GreenSCOR, Supply Chain Council, 2008) 
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The carbon footprint of the Carbon Emissions of the Make portion of a supply chain is 

illustrated in Figure 6. Source Carbon Emissions = Sum of Carbon Emissions associated 

with Source (Supplier Management + Managerial Acquisition). 

Figure 6: Carbon Emissions associated with Source (GreenSCOR, Supply Chain Council, 2008) 

 

The carbon footprint of the Carbon Emissions of the Make portion of a supply chain is 

illustrated in Figure 7. Source Carbon Emissions = Sum of Indirect and Direct emissions. 

Figure 7: Carbon Emissions associated with Make (GreenSCOR, Supply Chain Council,  2008) 

 

The carbon footprint of the Carbon Emissions of the Deliver portion of a supply chain is 

illustrated in Figure 7. Deliver Carbon Emissions = Sum of Carbon Emissions of (Sales order 

Management + Customer Management). 
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Figure 8: Carbon Emissions associated with Deliver (GreenSCOR, Supply Chain Council, 2008) 

 

The carbon footprint of the Carbon Emissions of the Deliver portion of a supply chain is 

illustrated in Figure 9. Return Carbon Emissions = Sum of Carbon Emissions of Return (To 

Sources + From Customers). 

Figure 9: Carbon Emissions associated with Return (GreenSCOR, Supply Chain Council, 2008) 
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Chapter 3 

3. Model to measure carbon 
emissions 

 

3.1 Analysis of the T-shirt supply chain 

The carbon footprint calculation for a clothing company‟s T-shirts reflects the stages of the T-

shirt life-cycle from growing and extracting organic cotton in India up to the stage where the 

consumer purchases the product in South Africa. In calculating the carbon footprint of a 

textile product, it must be clear which set of emissions will be included in the boundary of the 

quantification. The retail, use and disposal of the T-shirts do not fall within the boundaries of 

the carbon calculation in this paper. An LCA will be taken for the calculation of the carbon 

footprint of a 100% organic T-shirt. The method enables one to do an evaluation throughout 

the life-cycle of the product and then to focus on the prominent areas of environmental 

impact. Figure 10 illustrates the route of the T-shirt supply chain from India to South Africa. 

 

Figure 10: Map illustrating the supply chain of T-shirts 
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The process map of the T-shirt supply chain is illustrated in Figure 11. The life-cycle stages 

of the project include: extraction of raw materials, energy used in manufacturing of the T-

shirts, storage and transportation. The T-shirts consist of 100% organic cotton. The farms 

where organic cotton is grown are located in Maharashtra state in India. The cotton is grown 

with non-genetically modified seed and no fertilizers or insecticides are used in the process. 

The seeds, leaves and other non-cotton particles are removed by a ginning process.  

 

Once the cotton reaches the textile factory, the manufacturing process begins. The organic 

cotton is spun and transformed into yarn. The yarn is then steamed, knitted, dyed, cut and 

made to yield the final products. As the wastage of textile products is not constant and 

usually falls between 6-25%, the wastage for a T-shirt will be assumed as 6% since it is a 

simple garment to manufacture. It is assumed that waste is discarded. All of the 

manufacturing processes require high temperatures and lubricants. Chemicals are also 

required for the dyeing process. Currently the energy source of the manufacturing factory is 

grid electricity. The carbon calculations of the lubricants and chemicals as well as energy 

used for infrastructure and buildings fall outside the ambit of this research. The final products 

are then packed in boxes and into a container, which is transported by truck to the Mumbai 

port of India. The containers are shipped to the South African port located in Durban and 

then transported by truck to a distribution centre in Midrand, Gauteng. The T-shirts are then 

distributed to the clothing stores in Phalaborwa, Limpopo.  

 

Figure 11: Process map of clothing companies' T-shirt 
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3.2 System Specification 

Carbon calculator models were designed to measure the carbon emissions throughout the 

supply chain of a T-shirt. Carbon conversions were obtained from the Carbon Trust (2006) 

as well as the UK Department for Environment, Food and Rural Affairs (Defra, 2009). Both 

these sources provide accessible online guides as to how organisations can measure the 

carbon footprints of their products. The carbon calculator models which were designed for 

the purpose of this paper focus on calculating the carbon emissions of a single product, a 

100% organic T-shirt. See Table 3 below. The information for the carbon emissions 

calculation was obtained from the various suppliers and contributors in the supply chain. The 

greenhouse gas emissions are calculated to the extent of data attainability Data on the 

energy emissions from harvesting and extracting of organic cotton is unavailable and was 

therefore extrapolated from other recorded data sources. (The basis for this assumption is 

discussed in greater detail in section 3.3) A high quality T-shirt weighs approximately 292g. 

For the purpose of this assessment, it is assumed that a T-shirt has a mass of 250g, i.e. 

4000 T-shirts per tonne. To simplify the model the initial calculations were done per tonne of 

T-shirts. This figure, measured in kg CO₂e, was then divided by 4000 to generate the carbon 

footprint value per T-shirt.  

 

3.3 Carbon Emissions in the T-shirt Supply Chain 

Table 3: CO₂e-emissions sheet of a  summarises the carbon emissions of each stage in the 

supply chain of T-shirts and results in a total of 5.432 kg CO₂e per T-shirt (assuming a T-

shirt weighs 250g, i.e. 4000 T-shirts per tonne). The processes contributing to the total 

emission figure are discussed in greater detail below. 
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Table 3: CO₂e-emissions sheet of a T-shirt 

 Kg CO₂e per 

Tonne T-shirts 

Kg CO₂e 

per T-shirt 

Raw Materials 2300 0.575 

 Farming and Ginning  2300  

Manufacturing  19080.4 4.77 

 T-shirt manufacturing 19080.4  

Storage and Transportation 347.62 0.087 

 Storage 59.61  

 Transportation of Cotton 24.58  

 T-shirt Transport to Port of India 40.97  

 T-shirt Shipment to South Africa 132.33  

 Transport to Distribution Centre 49.17  

 Transport to Store 40.97  

Total Emissions  21728.02 5.432 

 

A carbon emission of approximately 5.432 kg CO₂e is equal to: 

 Driving 35 km in a medium sized car; 

 Taking 6 showers of 11 minutes each in a typical electric geyser shower; 

 An individual flying 30 km in an aeroplane (Berners-Lee, 2010). 

 

3.3.1 Raw Materials 

According to Ferrigno et al. (2009), organic cotton represents only 0.76% of the global cotton 

production. A large number of producers employ a variety of production factors (farming 

approach, cultivation method and irrigation) in the cultivation and ginning of organic cotton 

used to produce a T-shirt in Maharashtra, India. In this supply chain, the data required to 

calculate the farming of raw materials‟ carbon emission contribution is unobtainable. 

Therefore, a figure of 2.3 kg CO₂ per kilogram (2300 kg CO₂e per tonne) of organic cotton is 

used in this paper. The figure is obtained from the 77th International Wool Textile 

Organisation Congress, which took place in Beijing in 2008 (Morris, 2008). Since the 
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assumption was made that there are 4000 T-shirt per tonne, the carbon emissions for the 

organic cotton extraction and ginning is equal to 0.575 kg CO₂e (i.e. 2300/4000). 

 

3.3.2 Manufacturing 

The carbon emissions model for the manufacturing part of the supply chain is illustrated in 

Table 4. The energy types used for manufacturing include:  

• diesel for standby generators;  

• petrol for vehicles for transporting goods in transit between workstations; and  

• energy used in the  production of packaging materials.  

The energy values per tonne of T-shirts are converted by standard conversion factors 

supplied by the Carbon Trust (2006) to yield the emissions in kg CO₂e per tonne of T-shirts. 

The total T-shirt manufacturing emissions totalled 19 080.4 kg CO₂e per tonne T-shirts. 

 

Table 4: T-shirt manufacturing Emissions 

Manufacturing 

Process Energy Type 

Value per 

tonne T-shirts 

Emission 

factor kg 

CO2e per unit 

Emissions kg 

CO₂e per 

tonne T-shirts 

Spinning 

Fossil Fuelled Power 5140 kWh 0.54 2775.6 

Diesel 10 litre 0.27 2.7 

Packaging materials 10 kg 0.87 8.7 

Knitting Fossil Fuelled Power 470 kWh 0.54 253.8 

Dyeing 

Fossil Fuelled Power 29 000 kWh 0.54 15660.0 

Diesel 10 litre 0.27 2.7 

Petrol 10 litre 0.25 2.5 

Packaging materials 80 kg 0.87 69.6 

Cutting & 

Sewing 

Fossil Fuelled Power 500 kWh 0.54 270.0 

Packaging materials 40 kg 0.87 34.8 

Totals:   19080.4 
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Thus from Table 4 it can be calculated that the total emission contribution per energy type is 

as follows: 

 Fossil Fuelled Power = 18 959.4 kg CO₂e per tonne T-shirts 

 Diesel = 5.4 kg CO₂e per tonne T-shirts 

 Petrol = 2.5 kg CO₂e per tonne T-shirts 

 Packaging materials = 104.4 kg CO₂e per tonne T-shirts 

 

3.3.3 Storage 

To determine the emissions emitted by storing a tonne of T-shirts, a basic calculation is 

done. Parameters included in the model formulation are as follows:  

e site energy consumed (kWh p.a) 

a site energy allocated per tonne T-shirts (%) 

𝑓𝑒  emissions factor  for electricity used in store 

𝑇𝑠 total emissions from storage (kg CO₂e/ tonne) 

Equation 1 𝑻𝒔 = ea𝒇𝒆 

   = (10 000 000)(0.001%)(0.6) 

   = 59.61 kg CO₂e 

Site studies proved that an average of 10 000 000 kWh of energy is used on site per annum, 

of which 0.001% is allocated to a tonne of T-shirts. The emissions factor is 0.6 kg per kWh 

according to the Carbon Trust (2006). The calculation shown in Equation 1 yields a total 

emission of 59.61 kg CO₂e per tonne of T-shirts in storage. 

 

3.3.4 Transportation 

A model (Table 5) was designed to find the kg CO₂e per tonne T-shirts transported from 

India to South Africa. The table below lists the distances, modes of transport as well as the 

resulting kg CO₂e per tonne of T-shirts. A total distance of 9684 km is covered in the supply 

chain and the total carbon emissions for the transportation sections of the supply chain totals 

288.01 kg CO₂e per tonne T-shirts, i.e. 0.072 kg CO₂e per T-shirt. For the purpose of this 
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paper, two assumptions are made about transportation throughout the supply chain: The 

mass loaded on trucks and ships is 100% en route to South Africa and 50% on return. 

 

Table 5: Transportation data of T-shirts from India to South Africa 

From To 

Mode of 

Transport 

Distance 

(km) 

Kg CO₂e 

per tonne 

T-shirts 

Cotton plantation 

(India) 

Manufacturing 

(India) 
Truck 300 24.58  

Manufacturing (India) Port of India Truck 500 40.97 

Port of India 
Port of South 

Africa 
Ship 7784 132.33 

Port of South Africa Warehouse Truck 600 49.17 

Warehouse Store Truck 500 40.97 

Totals:  9684 288.01 

 

The carbon emission values for the road transport leg are determined by entering the 

distances into a basic model with the following parameters: 

D distance en route (km) 

𝐷𝑟  distance on return (km) 

𝑓𝑡  50% emissions factor for 50% full truck 

𝑓𝑡  100% emissions factor for 100% full truck 

p percentage laden of trucks en route (%) 

𝑝𝑟   percentage laden of truck on return (%) 
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t tonnes per trip 

𝑇𝑠 total emissions from transport (kg CO₂e/ tonne) 

Equation 2 𝑻𝒔 = 
  (𝑫𝒇𝒕 𝟓𝟎%𝒑+𝑫𝒓𝒇𝒕 𝟏𝟎𝟎%𝒑𝒓)

𝒕
       

   = ((300)(1.04)(100%)+(300)(0.87)(50%))/18 

   = 24.58 kg CO₂e 

The distances are converted by the carbon conversion factors supplied by Defra (2009) to 

determine the emissions per tonne of T-shirts. An articulated 18-22 ton truck is used for all 

road transport. An assumption is made that the trucks are filled with 18 tons of weight. To 

determine the carbon emissions/tonne of T-shirts, the total kg CO₂e of the truck is divided by 

18 to yield the total CO₂e per tonne of cotton. The calculation in Equation 2 illustrates how 

the carbon emissions per tonne of cotton transported from the cotton plantation to the 

manufacturing plant is calculated to be 24.58 kg CO₂e. The carbon emissions for all truck 

transport were calculated in this manner by substituting the parameters into Equation 2. The 

results are listed in Table 4. 

 

The transport carbon emissions from the manufacturing plant to the port in Mumbai equal 

40.97 kg CO₂e, as determined in Equation 3: 

Equation 3 𝑻𝒔 = 
  (𝑫𝒇𝒕 𝟓𝟎%𝒑+𝑫𝒓𝒇𝒕 𝟏𝟎𝟎%𝒑𝒓)

𝒕
       

   = ((500)(1.04)(100%)+(500)(0.87)(50%))/18 

   = 40.97 kg CO₂e 

The amount of carbon emitted for the sea-leg shipping of a tonne of T-shirts works on the 

same principle as the road transport emissions. The parameters are listed below and the 

equation is illustrated in Equation 4. According to Defra (2009), a small container vessel 

emits 0.012 kg CO₂e per kilometre if it is fully loaded and 0.01 kg CO₂e if it is 50% full. Thus, 

travelling a distance of 7784 km from India to South Africa emits 132.33 kg CO₂e per tonne 

of T-shirts. 

 

D distance en route (km) 

𝐷𝑟  distance on return (km) 
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𝑓𝑠 50% emissions factor per tonne for 50% full ship 

𝑓𝑠 100% emissions factor per tonne for 100% full ship 

p percentage laden of ship en route (%) 

𝑝𝑟   percentage laden of ship on return (%) 

𝑇𝑠 total emissions from shipment (kg CO₂e/ tonne) 

Equation 4 𝑻𝒔 = 
  (𝑫𝒇𝒔 𝟓𝟎%𝒑+𝑫𝒓𝒇𝒔 𝟏𝟎𝟎%𝒑𝒓)

𝒕
   

   = ((7784)(0.012)(100%)+(7784)(0.01)(50%)) 

   = 132.33 kg CO₂e 

The transport carbon emissions from the Port of South Africa to the Warehouse equal 49.16 

kg CO₂e, as determined in Equation 5: 

Equation 5 𝑻𝒔 = 
  (𝑫𝒇𝒕 𝟓𝟎%𝒑+𝑫𝒓𝒇𝒕 𝟏𝟎𝟎%𝒑𝒓)

𝒕
       

   = ((600)(1.04)(100%)+(600)(0.87)(50%))/18 

   = 49.16 kg CO₂e 

Carbon emissions from travelling from the warehouse to the retailer add up to 24.58 kg 

CO₂e, as seen in Equation 6: 

Equation 6 𝑻𝒔 = 
  (𝑫𝒇𝒕 𝟓𝟎%𝒑+𝑫𝒓𝒇𝒕 𝟏𝟎𝟎%𝒑𝒓)

𝒕
        

   = ((500)(1.04)(100%)+(500)(0.87)(50%))/18 

   = 40.97 kg CO₂e 

Thus from Table 5 it can be calculated that the total emission contribution per transport 

mode type is as follows: 

• Road = 155.68 kg CO₂e per tonne T-shirts 

• Sea = 132.33 kg CO₂e per tonne T-shirts 
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3.4 Summary of Current Carbon Footprint 

The breakdown of carbon emissions for 100% Organic T-shirts, according to the values in 

Table 3, is summarised in Figure 12. 

Figure 12: Kilogram CO₂e per tonne T-shirts 

 

It is clear that the largest contributor to carbon emissions in the supply chain is the 

manufacturing process and it therefore presents the greatest opportunity for efforts to reduce 

the carbon footprint. 
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Chapter 4 

4. Reducing Emissions in the Supply       

Chain 

Once the carbon footprint is calculated, several actions may be taken. Since the objective of 

this project is to reduce carbon emissions across the supply chain, the next step is to identify 

carbon reduction opportunities throughout the T-shirt supply chain. This is done in 

accordance with the GreenSCOR model as it indicates how the processes in the supply 

chain may be improved in environmentally sound ways.  

 

4.1 Raw Material  

The plan and source SCOR processes were considered in the harvesting and extraction of 

raw materials. The most important factors regarding cotton farming are the farming 

approach, cultivation method and irrigation.  

 

4.1.1 Farming approach 

The main greenhouse gas emissions emitted from growing and harvesting cotton are 

attributable to insecticide, pesticide, fertilizers and other chemicals used in the farming 

process. According to Pollheimer (2006), conventionally farmed cotton emits between two 

and four kilograms CO₂e per T-shirt. For organic cotton, this figure is reduced to 0.575 kg 

CO₂e per T-shirt. 

 

4.1.2 Cultivation Method 

Organic farms make use of manual labour, which makes heavy machinery with high carbon 

emissions redundant. 

 

4.1.3 Irrigation 

Organic cotton farms do not make use of artificial irrigation methods. The crops are rain-fed, 

which eliminates the emissions from high-energy irrigation pumps.  
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4.2 Manufacturing 

Figure 2 illustrated that the manufacturing process is the most significant contributor to the 

carbon emissions of the T-shirt supply chain – at 19080.4 kg CO₂e emissions per tonne of T-

shirts (see Table 4) it is responsible for 88% of the carbon footprint.  

 

The make process in the SCOR model suggests that the energy consumption should be 

minimised in manufacturing (GreenSCOR, 2008) The carbon footprint of manufacturing 

processes could be reduced by making use of low carbon technologies. These could include 

alternative and renewable energy sources such as biomass, photovoltaics (PV), wind, 

nuclear and hydro energy sources. Table 6 lists the emission factors for various energy 

sources, as well as the emissions per tonne of T-shirts for each of these (Postnote, 2006). 

 

Table 6: Emissions from Various Energy Systems 

Energy Source 

Energy usage 

per 

tonne T-shirts 

Emissions 

factor  

(kg CO2e/kWh) 

Emissions per tonne  

of T-shirts (kg CO2e/ 

tonne of T-shirts) 

Fossil Fuelled 

Technologies 

35110 kWh 
0.54000 18959.40 

Biomass 35110 kWh 0.09300 3265.23 

Photovoltaics 35110 kWh 0.03500 1228.85 

Marine Technologies 35110 kWh 0.02500-0.05000 877.75-1755.50 

Hydro 35110 kWh 0.00500 175.55 

Wind 35110 kWh 0.00464 162.91 

Nuclear 35110 kWh 0.00500 175.55 

 

The current main source of energy in the supply chain is grid electricity (generated through 

coal burning), which has the largest carbon emission factor of all electricity generation 

systems (at 0.54 kg CO₂e /kWh, as seen in Table 4). Within the manufacturing process, the 

grid electricity‟s contribution to emissions was determined by adding up the „power‟ values 

from Table 4, amounting to 18 959.4 kg CO₂e per tonne T-shirts. 

 

In this project, an emissions factor of 0.005 kg CO₂e will be used for renewable energy. If 

the grid electricity energy component of the manufacturing process is replaced by renewable 
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energy, the consequent emissions per tonne of T-shirts will be 175.55 kg CO₂e per tonne T-

shirts (as is calculated in Table 5). The revised total carbon footprint is calculated by adding 

the emission contributions of diesel (5.4), petrol (2.5) and packing (104.4) – as derived from 

Table 4 – and amounts to 296.55 kg CO₂e / tonne of T-shirts. This translates to 0.074 kg 

CO₂e per T-shirt – assuming that there are 4000 T-shirts in a tonne – compared to the 

original manufacturing carbon footprint of 4.77 kg CO₂e per T-shirt (see Figure 13). The 

manufacturing component of the supply chain‟s carbon footprint can therefore be reduced by 

18783.85 kg CO₂e per tonne T-shirts by replacing coal-generated electricity with greener 

energy sources. 

 

Figure 13: Carbon footprint of grid electricity vs. renewable energy 

 

 

4.3 Transportation 

The transportation of goods is considered in the deliver and return SCOR processes. The 

transportation stage offers few carbon emissions reduction opportunities. Road transport is 

responsible for the largest part of carbon emissions in the transport segment. Four variables 

that should be considered when looking at the greenhouse gas emissions from transport are: 

 the carbon content of the fuel used; 

 fuel efficiency;  

 distances travelled; and 

 the transport mode (Environmental Audit Committee, 2006). 
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Diesel trucks are the most efficient means of road transportation. Since present battery 

technology is not yet suitable for electric powered trucks, drivers could be trained to drive in 

an energy efficient manner (Board of Academic Advisors to the Federal Minister of 

Transport, Building and Urban Affairs, 2008). 

 

Current carbon emissions from transportation equal 0.072 kg CO₂e per T-shirt (calculated 

from Table 5 as follows: 288.01 / 4000). If a local supplier was used, the transportation 

distance would be significantly reduced. For instance, a South African cotton producer could 

be used at a distance of 100 km from the manufacturing plant. Given that the manufacturing 

plant is 100 km from the Distribution Centre, located a distance of 400 km from the store. 

The carbon emissions associated with this is calculated by substituting 100 km, 100 km and 

400 km respectively into the distance block in Equation 2 and equals 62.6 kg CO₂e per 

tonne of T-shirts, i.e. 0.015 kg CO₂e per T-shirt. This results in a reduction of 79.26%, as 

seen in Table 7.  

Table 7: Revised transport emissions 

From To 

Mode of 

Transport 

Distance 

(km) 

Kg CO₂e 

per tonne 

T-shirts 

Cotton plantation  Manufacturing  Truck 100 8.19  

Manufacturing  Distribution Centre Truck 100 8.19 

Distribution Centre Store Truck 400 46.22 

Total 62.6 
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Figure 14: Carbon reduction in transport of switching to a local supplier 

 

 

4.3.1 Cost analysis of Transportation 

Having reduced the transportation distances in the revised transportation model, the cost 

differences will now be considered by looking at fuel consumption of trucking and shipping. 

In order to determine the amount of fuel used per kilometre, the amount of kilometres per 

litre of diesel has to be calculated first. The price for diesel that is used for the calculation is 

R7.26 per litre, as it was recorded on 1 September 2010 in South Africa (AA, 2010). 

According to (Volvo Truck Corporation, 2008) the typical fuel consumption per 100km on the 

road is as listed in Table 8.  

Table 8: Fuel Consumption in litres per 100 km 

Transport mode Fuel 

consumption for 

50% load 

(litre/100 km) 

Fuel 

consumption for 

50% load  

(litre/km) 

Fuel 

consumption for 

full load 

(litre/100km) 

Fuel 

consumption for 

full load 

(litre/km) 

Truck 25 0.25 30 0.30 

 

The cost of the current road transport is calculated by Equation 7 shown below. The cost is 

determined en route assuming that the truck is fully loaded (18 tonnes of T-shirts), and on 

return, assuming the truck is 50% full. The answer is then divided by the tonnes of T-shirts 
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per truck to determine the cost per tonne of T-shirts. This results in an amount of R3448.5 

for the road leg of current transportation. 

Equation 7 Cost of current road transport  

= 
 
𝐂𝐨𝐬𝐭

𝐋𝐢𝐭𝐫𝐞
 𝐱 

𝐋𝐢𝐭𝐫𝐞𝐬

𝐤𝐦
 𝐟𝐮𝐥𝐥 𝐭𝐫𝐮𝐜𝐤 𝐱 𝐃𝐢𝐬𝐭𝐚𝐧𝐜𝐞  𝐢𝐧 𝐤𝐦  +  

𝐂𝐨𝐬𝐭

𝐋𝐢𝐭𝐫𝐞
 𝐱 

𝐋𝐢𝐭𝐫𝐞𝐬

𝐤𝐦
 𝟓𝟎% 𝐥𝐨𝐚𝐝 𝐱 𝐃𝐢𝐬𝐭𝐚𝐧𝐜𝐞 𝐢𝐧 𝐤𝐦  

𝐓𝐨𝐧𝐧𝐞𝐬  𝐨𝐟 𝐓−𝐬𝐡𝐢𝐫𝐭𝐬 𝐩𝐞𝐫 𝐓𝐫𝐮𝐜𝐤
  

= ((7.26 x 0.30 x 1900) + (7.26 x 0.25 x 1900))/18 

= R383.16 

The revised road transportation cost is determined by using Equation 7, and substituting the 

new distance (600 km) into the Distance parameter. This results in a cost of ((7.26 x 0.30 x 

600) + (7.26 x 0.30 x 600))/ 18 = R145.2 

According to John Cadogan (2010) the fuel consumption of a container ship is 0.3 

litres/100km/tonne of load. The cost of the sea leg of the current transportation is determined 

by using Equation 8. 

Equation 8 Cost of current sea transport 

=  
Cost

Litre
  x 

 
Litres

100 km
 full  ship  

100
 x  Distance in km  +  

Cost

Litre
  x 

 
Litres

100 km
 50% load  

100
 x  Distance in km  

= (7.26 x 0.3/100 x 7784) + (7.26 x 0.3/100 x 7784) 

= R 339.07 

Table 9: Revised Transportation Costs 

 Current 

Distance 

(km) 

Cost per 

tonne of T-

shirts (R) 

Cost per T-

shirt (R) 

Revised 

Distance 

(km) 

Cost per 

tonne of T-

shirts (R) 

Cost per T-

shirt (R) 

Road 1900 383.16 0.09 600 145.2 0.03 

Sea 7784 339.07 0.08 0 0 0 

Totals   0.17   0.03 
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Switching to a local supplier of cotton does not only reduce carbon emissions, but doing so, 

has a significant impact on the cost of transportation. As can be seen in Figure 15, 

transportation costs per T-shirt decrease from R0.17 to R0.03. 

Figure 15: Transportation Costs per T-shirt 

 

4.4 Summary of Reduced Carbon Footprint 

Table 10: Revised CO₂e-emissions sheet of a  is a revised version of Table 3, with new 

figures based on all the improvement suggestions to illustrate the reduced emissions of each 

component of the supply chain. 

 

Table 10: Revised CO₂e-emissions sheet of a T-shirt 

 Current Kg CO₂e 

per T-shirt 

Revised Kg CO₂e 

per T-shirt 

Raw Materials 0.575 0.575 

Manufacturing  4.770 0.074 

Storage and Transportation 0.087 0.015 

Total Emissions  5.432 0.664 
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Chapter 5 

5. Future Work 
 

5.1 Recommendations  

Chapter 2 asserts that customers‟ attitudes towards global warming and climate change are 

changing. By implementing the carbon label, companies will have to start developing 

strategies to reduce their carbon emissions.  

 

The LCA was used to determine the emissions throughout the supply chain for products. 

Considering emissions from raw material extraction, manufacturing processes, storage and 

distribution, new opportunities could be identified to lower the emissions by using a 

GreenSCOR model. Considering that the extraction of raw materials and the storage and 

distribution of T-shirts have low carbon footprints, it seems clear that there are two key 

opportunities for reducing the carbon emissions of this supply chain: 

 switching to a T-shirt supplier that makes use of renewable energy; and  

 urging the current manufacturing company to move to low-energy sources. 

 

These recommendations would drastically reduce the carbon footprint of T-shirts in the 

supply chain as illustrated in Figure 13.  

 

Additionally, by shortening road travel distances and making use of energy efficient transport 

methods, the carbon footprint could be further reduced. A cost analysis of transportation 

proved that by switching to a local cotton supplier, and thus eliminating the sea-leg of the 

supply chain, leads to a cost reduction of 82.35% (from R0.17 to R0.03 per T-shirt).  

 

Consequently, by switching to a local supplier and producer of cotton using renewable green 

electricity the carbon footprint of a T-shirt could be reduced by 87.77%, as illustrated in 

Figure 16. 
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Figure 16: Carbon footprint of the current supply chain vs. the reduced footprint 

 

 

5.2 Conclusion 

The project presented an analysis of the carbon footprint of 100% organic cotton T-shirts 

using a life-cycle approach. The necessary data for the carbon calculations were requested 

from suppliers and other contributors in the supply chain. Unavailable data were gleaned 

from journals, reports and other data sources. Emissions from raw materials, manufacturing 

processes, storage and distribution were considered by utilising a GreenSCOR model, 

resulting in a total carbon footprint of 5.432 kg CO₂e per T-shirt. The study made it possible 

to identify new opportunities and ways to reduce the carbon footprint of the product. 

Recommendations were made and it was concluded that energy efficiency is the key to a 

lowered carbon footprint. Furthermore, switching to a manufacturer that makes use of 

renewable energy sources could reduce the carbon emissions by approximately 98.44%. By 

implementing energy efficient ways of transportation, the carbon footprint of the transport 

segment could be lowered by 79.16%. By implementing both transport and manufacturing 

suggestions, the carbon footprint of T-shirts could be reduced from 5.432 kg CO₂e to 0.664 

kg CO₂e.  

 

It can be concluded that by determining the carbon footprint across the supply chain and 

identifying the processes that are the main sources of carbon emissions, new opportunities 

to lower the carbon footprint of products may be discovered. Attaching carbon labels to 
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products would enable customers to make informed decisions regarding the brands they 

choose to support, consistent with their environmental conscience. 
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