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Abstract
As stated in the 2016 Paris Agreement, concerns about global climate change and carbon emissions have increased, and 
organizations, in particular, have embarked on an annual measurement process to estimate their contribution to global climate 
change. Carbon footprint, one of the measurement methods, is a widely applied tool to assess the environmental impact of 
organizations. This study presents a real case study of a denim-washing company’s activities based on ISO standard calcu-
lation methods of greenhouse gas emissions. Accordingly, the annual carbon footprint of the denim-washing company was 
2482.09  tCO2e for the year 2021 in total for the overall carbon footprint. Direct emission was calculated at 1575.75  tCO2e, 
indirect energy–related emission at 798.09  tCO2e, and indirect non-energy–related emission at 108.25  tCO2e. The highest 
 CO2 emissions are related to heating from greenhouse gas direct emission sources, followed by purchased electricity con-
sumption, and the lowest  CO2 emissions are related to fire–CO2 tube storage. In conclusion, this study is particular in that 
it analyzes not only the specific processes of a denim-washing company but also the overall organizational carbon footprint 
calculation, assesses the importance of indirect non-energy in the total carbon footprint, and evaluates the calculation find-
ings with sector-specific mitigation strategies.

Keywords Carbon footprint · Company · Direct emissions · Indirect energy–related emissions · Indirect non-energy–related 
emissions

Introduction

Climate change is one of the most significant global chal-
lenges that can no longer be ignored (Chang et al. 2015; 
Padrón et al. 2020; Xie et al. 2020; Ye et al. 2013; Zhang 
et al. 2013). The 21st session of the Conference of the Par-
ties (COP21), held in Paris to combat climate change and 
discuss activities and investments for a low-carbon and 
sustainable future, resulted in the Paris Agreement signed 
by 197 countries. The Paris Agreement is an international 

agreement in which countries recognize the need for joint 
action to prevent the climate crisis. It draws attention to the 
importance of identifying and minimizing the losses and 
damages caused by climate change and limiting the increase 
in the global average surface temperature to 2 °C compared 
to the pre-industrial period and keeping it below 1.5 °C if 
possible to prevent the climate crisis (EU 2016). In parallel 
with the temperature change emphasized in the Paris Agree-
ment, data from the Intergovernmental Panel on Climate 
Change (IPCC) highlights that a 1.5 °C warming would 
be relatively safer than a 2 °C warming. According to the 
IPCC, the risk of flooding, expected to increase by 100% 
with a 1.5 °C increase in average surface temperature, would 
reach 170% with a 2 °C warming. From this perspective, it 
is imperative, especially for countries that have signed the 
Paris Agreement, to develop green policies and strategies to 
reduce the contribution of their industries to climate change. 
Regardless of the sector, low-carbon/carbon–neutral prod-
ucts and services are rapidly gaining popularity and prefer-
ence among customers and investors (Dawkins and Fraas 
2011; Foran et al. 2005; Scipioni et al. 2012; Sundarakani 
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et al. 2010). Establishing greenhouse gas emissions inven-
tories for climate change adjustment conditions and action 
plans for organizations is the first step in developing a green 
policy. Organizations, therefore, need to use suitable tools 
for evaluating their impact on the climate (Radonjič and 
Tompa 2018). The carbon footprint approach is one of the 
ways companies use, considering that climate change is the 
most critical issue based on international standards (Peters 
2010; Ruževičius and Dapkus 2018). The organizational car-
bon footprint is calculated by gathering information about 
its consumption and converting it to equal CO2 emissions 
directly and indirectly caused by various activities (Weidema 
et al. 2008; Wiedmann and Minx 2008).

Companies can calculate their carbon footprint at indi-
vidual, product, and organizational levels. An individual 
carbon footprint is the amount of carbon dioxide emitted 
from clothing, housing, diet, and transportation. A prod-
uct’s carbon footprint calculates the greenhouse gas emis-
sions that occur during its whole life, from the extraction of 
materials and their production to use, disposal, recycling, 
or reuse. An organization’s carbon footprint calculates the 
greenhouse gas emissions from all of its operations, includ-
ing the energy required to operate buildings, manufactur-
ing facilities, company transportation, and business travel 
of employees. In other words, personal and product emis-
sions cover the activities of the whole product’s lifecycle, 
while organization CFP quantifies the emissions from an 
organization’s activities. Currently, numerous initiatives, 
guidelines, and calculation methods exist for measuring 
greenhouse gas emissions at the organizational level. Pub-
licly Available Specification (PAS) guidelines published 
by the Institute of British Standards, the ISO 14064 Inter-
national Organization for Standardization, the Greenhouse 
Protocol developed by the World Resources Institute, and 
the World Business Council for Sustainable Development 
are the most common methods for calculating the envi-
ronmental impact and carbon footprint (Gao et al. 2014; 
Karalis and Kanakoudis 2023). The most popular of these 
techniques is the ISO 14064:2018 standard on Greenhouse 
gases—Part 1: Specification with guidance at the organiza-
tion level for quantifying and reporting greenhouse gas emis-
sions and removals (ISO-14064–1 2018). An organization’s 
carbon footprint can be separated into different categories 
according to ISO 14064–1. This includes emissions that the 
organization directly produces and indirect energy–related 
emissions and non-energy–related emissions depending on 
the organization’s boundaries (Harangozo and Szigeti 2017). 
Direct emissions come from sources owned or managed by 
the organization or directly emit greenhouse gases inside 
the organization’s boundaries. These sources can be station-
ary or mobile. Indirect energy–related emissions include 
greenhouse gas emissions from fuel combustion, which are 
involved in energy generation and related services such as 

electricity, heat, steam, refrigeration, and compressed air. 
Note that direct and indirect energy–related emissions cal-
culate emissions from sources originating from the organi-
zation, whereas indirect non-energy–related emissions are 
mainly produced outside the organization’s borders. A data 
source must be provided for indirect non-energy–related 
emissions to ensure reliability and comparability, as well 
as the effective implementation of a carbon footprint indi-
cator (Alvarez and Rubio 2015). This was supported by 
several authors who noted that indirect non-energy–related 
emissions frequently have the most significant impact on 
greenhouse gas emissions for an organization, and therefore, 
underestimating them would typically result in significantly 
higher greenhouse gas emissions (Matthews et al. 2008). 
Indirect non-energy–related emission is divided into sub-
categories. These categories include emissions from vehicles 
for hire, services used by an organization for the transport 
of persons and goods (rail, maritime, air, and road), sources 
not owned or controlled by the organization, and any type 
of goods purchased by the reporting organization. Conse-
quently, it is the responsibility of the organization to define 
the content of these specific categories.

Several companies and organizations have taken the ini-
tiative to determine their own carbon footprints over the 
past 10 years. The risk associated with global warming has 
recently been calculated by various organizations, including 
universities, the service sector, the cement industry, the gas 
refinery industry, the wine industry, the automotive indus-
try, telecommunications companies, and logistics services 
(Alvarez and Rubio 2015; Cagiao et al. 2011; Eslamidoost 
et al. 2022; Karalis and Kanakoudis 2023; Lee and Cheong 
2011; Radonjič and Tompa 2018; Robinson et al. 2018; 
Ruževičius and Dapkus 2018; Saenz et al. 2016). The low-
carbon environmental protection of the whole industry has 
a significant impact on climate change. The textile industry, 
a primary global export sector and a crucial hub for produc-
tion and processing, has to deal with serious environmental 
issues (Khan and Malik 2014; Kishor et al. 2020; Sivaram 
et al. 2019; Zhou et al. 2022). Although there are several rel-
evant studies on greenhouse gas emissions in the textile sec-
tor, they tend to focus on specific products and production 
methods. According to the comprehensive literature search, 
the characteristics of organizational carbon footprint applied 
to textile industries have only been briefly discussed in a 
few research studies. The greenhouse gas emissions from 
China’s textile sector are thoroughly examined, along with 
the emission characteristics, by Huang et al. The findings 
indicate that coal consumption is the most significant cause 
of greenhouse gas emissions in China’s textile industry, 
accounting for 80% of all greenhouse gases from primary 
energy sources. The consumption of electricity is the sec-
ond-largest source of greenhouse gas emissions (Huang et al. 
2017). An examination of direct and indirect emissions in 
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Chinese textiles was done by Yan and colleagues. About 
87% of the overall carbon footprint is contributed by indirect 
carbon footprint, the main source of which is energy use, 
whereas the direct industrial carbon footprint only makes 
up about 13% of this total (Yan et al. 2016).

As stated before, the literature review reveals a few asso-
ciated research efforts related to calculating the carbon foot-
print and reducing greenhouse gas emissions for the textile 
sector; however, most focused on particular processes rather 
than examining an organization as a whole. Furthermore, a 
calculation based only on direct emissions from a compa-
ny’s own operations leads to an incorrect assessment of the 
company’s overall greenhouse gas emissions. This means 
that indirect non-energy–related emissions often represent 
a considerable greenhouse gas impact on a company, and 
ignoring them often leads to a significant underestimation 
of greenhouse gas emissions. To our knowledge, no study 
conducts a detailed indirect carbon footprint assessment of 
a denim-washing company at the organizational level. To fill 
this gap, this paper aims to identify the emission hotspots of 
an organization in the denim-washing sector based on ISO 
standard calculation methods of greenhouse gas emissions, 
estimate its carbon footprint to reduce its impact, and sug-
gest alternatives. The three categories are considered to cal-
culate the organization’s carbon footprint in this study. The 
first category refers to direct emissions from the company’s 
stationary and mobile fuel consumption, the second category 
is indirect emissions from electric power consumption, and 
the last is emissions from non-company-owned vehicles, 
employee commuting, waste disposal, and water consump-
tion. The main contributions of this study are to compre-
hensively assess the direct and indirect energy–related and 
indirect non-energy–related categories of the organizational 
carbon footprint of the denim-washing company to con-
tribute to the knowledge of sector-specific indirect green-
house gas emissions and identify sector-specific mitigation 
strategies.

Materials and method

Study area and organizational boundaries

The company operates in denim washing, and their aver-
age production amount in 2021 is 202.41 t. It employs 55 
people, working 8 h a day and 300 days a year. The overall 

flow chart of the company is presented in Fig. 1, and its 
detailed description is as follows: The denim product under-
goes a whiskering process to create straight or wavy lines of 
varying lengths according to the desired model. The sanding 
process is then initiated. Subsequently, the products undergo 
pre-washing to ensure they are clean. The fabric undergoes 
a stone-washing process to create the desired effect on its 
surface. This process involves washing the fabric with stone 
enzymes and pumice stones, which are reused for subsequent 
washes. Once the stone-washing process is complete, the 
stones are rinsed and sent for spinning and drying. Follow-
ing this stage, various processes are applied to the denim 
and garments to achieve different effects and features. To 
lighten the ground color of the denim, a diluted chemical is 
applied to the trousers using a brush. The abrasion process 
can also be carried out using a laser. The products are then 
sent to the washing department to clean the denims. The 
washing process involves the use of a dispersing agent and 
sizing enzyme. Finally, the products are rinsed with water 
and dried. Quality control checks are then carried out once 
all processes are completed.

System boundaries were defined to calculate direct and 
indirect greenhouse gas emissions associated with the organ-
ization’s operations. The boundaries were determined from 
the gate-to-gate approach, starting with the product entering 
the plant until the washing process was completed and the 
product left the plant. The organizational boundaries based 
on the company’s activities are displayed in Fig. 2.

In this study, the system boundary is analyzed in three 
categories in order to calculate carbon footprint Protocol 
2004. Direct emissions include stationary combustion emis-
sions from natural gas used by the company, mobile com-
bustion emissions from company-owned vehicles, emissions 
from using generators and forklifts, and emissions from 
using  CO2 storage in fire tubes. Indirect energy–related 
emissions include emissions from the use of electricity pur-
chased by the company. Other indirect non-energy–related 
emissions include water use, waste disposal, and employ-
ees commuting as well as emissions from cars that are not 
company-owned.

Data collection

All significant greenhouse gas emission sources were first 
identified to prepare the organization’s greenhouse gas emis-
sion inventory. The activity data related to emissions for 

Fig. 1  The overall flow chart of 
the denim-washing company
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2021 was obtained from the company’s own departments 
and is listed in Table 1. The company’s fuel consumption 
and purchase data for heating and transportation for business 
travel were used to collect information about direct green-
house gas emissions categorized in the direct emission cat-
egory. The company’s own building is heated with natural 
gas. The calculation methodology specified in the Depart-
ment for Environment, Food and Rural Affairs (DEFRA) 
was used to evaluate greenhouse gas emissions caused by 
natural gas (DEFRA 2021). In order to determine transport 
greenhouse gas emissions, the total distance traveled, fuel 
type, and technical specifications of car manufacturers were 
used, which provided the company’s own documentation. 
Also, fuel consumption data for the diesel of the genera-
tor and forklift were obtained from the company’s records. 
The tool developed by the DEFRA was used to determine 
greenhouse gas emissions from mobile combustion and fuel 
consumption.

Activity data related to greenhouse gas emissions clas-
sified in the indirect energy–related emission category 
includes electricity consumption purchased from the grid. 
The use of lighting, automated building processes, and 
electricity used for operation are all included in the energy 
usage. The activity data for the electricity purchase are 
derived from the monthly reading of electricity consump-
tion. Greenhouse gas emission–related electricity was 
calculated using the national grid average emission fac-
tor that best characterizes the relevant grid. Indirect non-
energy–related emissions included employees’ travel, hired 
vehicles, water consumption, and waste generation. Employ-
ees’ travel data in 2021 were determined from questionnaires 
applied through employee interviews. Total distances trave-
led, modes of transport, and type of cars employees travel to 
and from work were used to evaluate the fuel consumption. 
Greenhouse gas emissions related to employees’ travel are 
calculated on the basis of per kilometer using the DEFRA 

Fig. 2  Organizational chart for 
the denim-washing company 
under investigation

Table 1  Data on the activities of a denim-washing company in 2021

Activity Data Unit Source

Direct emissions Heating 612.79 ton Natural gas bills
Use of factory-owned car for business travel 78,910 km Invoices
The use of the generator 400 lt Running charts
The use of a forklift 400 lt Running charts
CO2 storage in fire tubes 35 kg Running charts

Indirect energy–related emissions Purchased electricity consumption 1,618,396 kWh Electricity bills
Indirect non-energy–related emissions Employees commuting 138,600 km Questionnaire

Hired vehicle 33,088 km Invoices
Consumption of water 118,000 m3 Water bills
Generation of waste 142,597 kg Running charts
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tool. Data on waste generation from the company’s activities 
and causing greenhouse gas emissions were gathered from 
running charts. The waste type and amount produced were 
obtained from the company’s own paperwork and records. 
Based on the distance traveled in 2021, the activity data 
for rental automobiles were computed. For this purpose, 
company-owned documents from business trips were used. 
The amount of water consumed to calculate greenhouse 
gas emissions caused by water consumption is obtained 
from monthly water consumption readings, and the water 
given over the network is indicated in cubic meters of water 
invoices. The water consumption comprises office (drinking 
water, cleaning, washing, vb.) and field (water for operation) 
activities. All indirect non-energy–related emissions were 
included in the calculation with the DEFRA tool.

Carbon footprint methodology

The calculation of the company’s carbon footprint followed 
the ISO 14064:2018 standard on Greenhouse gases—Part 
1: Specification with guidance at the organization level for 
quantifying and reporting greenhouse gas emissions and 
removals (ISO 14064–1:2018). The guidelines and specifica-
tions for constructing, developing, managing, and reporting 
greenhouse gas emission inventories at the organizational 
level are described in this document.

Greenhouse gas emissions from the company’s activi-
ties were determined by the relevant categories’ emission 
factors related to each activity data. The carbon footprint 
(CF) approach used in this study is based on activity data 
multiplied by appropriate emission factors (EFs) that calcu-
late  CO2e emissions or removals per unit activity using the 
following equations:

where ACF is the carbon footprint caused by each activity, 
AD is the data of the activity in tons (t), EF is a standard 

(1)ACF = AD × EF

(2)TCF = ACF
1
+ ACF

2
+ ... + ACF

n

rate of emissions per unit of activity  (CO2e/t), and TCF is 
the total carbon footprint of the organization expressed in a 
ton of carbon dioxide equivalents  (tCO2e).

In order to calculate carbon footprint, the conversion 
factors published in 2021 by the Department for Environ-
ment, Food and Rural Affairs (DEFRA) were utilized for 
each activity in operating boundaries. The DEFRA emission 
factor expresses the relationship between the amount of pol-
lutants produced and the amount of raw material processed 
or burnt. The government conversion factor spreadsheets 
provide the values to be used for these types of conversions 
and detailed instructions on how to utilize them. Every year, 
a new set of conversion factors is produced and published, 
along with a document outlining the key modifications to 
the most recent year’s factors and a methodology outlining 
how the conversion factors are formed (DEFRA 2021). For 
purchased electricity, the national emission factor is calcu-
lated based on the total fuel consumption and net electricity 
generated. The Turkish Electricity Generation Corporation 
report states that 33.2% of natural gas, 30.9% of coal, 16.7% 
of hydro, 19.1% of other renewable and waste, and 0.1% of 
liquid fuels were delivered to the network in this region.

Results and discussion

Organizational carbon footprint of denim‑washing 
company

Direct emissions

Natural gas consumption starts with the product entering 
the factory and includes the consumption of the product 
until the washing process is completed. This organization 
recorded the total natural gas consumption in 2021 as 612.79 
t. DEFRA calculation methodology was used to calculate 
the carbon footprint resulting from the use of natural gas. 
Table 2 provides detailed information on the emissions 
produced from natural gas consumption. In order to calcu-
late the emissions of the organization from transport, it is 

Table 2  Direct emission sources and quantities generated by the jeans-washing company in 2021

The overall amount of direct emissions related to the organization sums up to 1575.75  tCO2e for the year 2021

Emission sources Amount of con-
sumption

CO2e (ton/year) CH4 (ton/year) N2O (ton/year) CO2 (ton/year)

Natural gas 612.79 t 1555.5501 1552.6148 2.1080 0.8211
Delivery vehicle (diesel) 56,144 km 14.8944 14.7900 - 0.1044
Passenger vehicle (diesel) 22,766 km 3.1321 3.0893 0.0001 0.0428
Generator (diesel) 400 lt 1.0822 1.0672 0.0001 0.0149
Forklift (diesel) 400 lt 1.0822 1.0672 0.0001 0.0149
Fire–CO2 tube storage 35 kg 0.0014 - - -
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important to know the organization’s vehicle fleet. In 2021, 
the organization had 1 transporter van and 1 personal car 
with diesel fuel type. The transporter van was responsi-
ble for the carbon footprint with a total distance of around 
56,144 km in 2021, while the diesel car accounted for about 
22,766 km. Emission values were calculated by determin-
ing the appropriate emission factors from DEFRA (2021) 
according to the distance traveled by vehicles and specific 
car types owned by the institution in 2021. Emissions result-
ing from the use of generators, forklifts, and  CO2 storage 
tanks, which are among the domestic activities, are also 
classified as direct emissions. In 2021, 400 l of diesel was 
consumed due to the activities of forklifts used to transport 
products from one place to another in the company. Simi-
larly, the diesel consumption of the generators used in the 
company in 2021 is 400 l. The company has 7 pieces of 
5 kg  CO2 tubes to be used during a fire. In the calculation of 
emissions from these activities, the reference value tables of 
emission factors provided by DEFRA were used. Fugitive 
emission estimates for storage systems are taken from IPCC 
guidelines. Greenhouse gas emission values and carbon foot-
print amounts calculated for the direct emission sources of 
the organization are given in Table 2.

Indirect energy–related emissions

The emissions from the energy purchased for the organi-
zation’s activities are expressed as indirect energy–related 
emissions. The electricity purchased by the organization is 
produced from fossil fuel energy sources. Therefore, elec-
tricity consumption has a share in the carbon footprint. Total 
electricity consumption accounted for 1,618,396 kWh in 
2021. The emission factor was determined by applying the 
national grid average emission factor that best characterizes 
the relevant grid. This emission factor has been calculated 
according to the data in the report published by the Turkish 
Electricity Generation Corporation (EÜAŞ 2021). The pri-
mary calculating method is the multiplication of consump-
tion data and relevant EFs. The total amount of emissions 
related to the electricity the organization uses adds up to 
798.09 t of  CO2e for 2021.

Indirect non‑energy–related emissions

The company generates a lot of waste as a result of many 
activities. The wastes generated are stored in the waste site 
and given to licensed companies for disposal and recycling. 
Domestic waste, paperboard, plastics, metals, paper packag-
ing, batteries and accumulators, oils, and hazardous waste 
are all considered waste fractions. The produced waste in 
tonnes per year was used to determine the emissions. The 
amount of waste multiplied by emission factors, which indi-
cate the amount of  CO2 equivalent per kg of waste and were 

obtained from the DEFRA emission database according to 
waste characteristics, generated the waste-related carbon 
footprint. A total of 142.60 t wastes were generated in this 
organization in 2021. Further detailed information about the 
collected waste data and the total amount of greenhouse gas 
emissions generated is presented in Table 3.

The emissions related to sludges from on-site wastewater 
treatment to landfill currently have the highest emissions, as 
they account for around 60.08% of the total carbon footprint 
from waste. Those emissions are followed by domestic waste 
generation, with a share of about one-third total carbon foot-
print of organizational waste. The remaining type of waste is 
responsible for less than 3% of all emissions, with insignifi-
cant contribution from indirect emissions to the carbon bal-
ance. In total, the company’s waste generated 54.26  tCO2e 
(2.19% of the CF overall) in 2021.

Business travel includes work-related travel undertaken 
by employees of the organization, including modes of 
transport: buses, personal vehicles, and minibus. In addi-
tion, the facility uses rental cars and 2 buses, for personnel 
transportation, apart from its own vehicles. Questionnaires 
conducted through in-staff member interviews were used to 
identify the type of vehicles to be used in 2021. The types 
of vehicles used by transportation in 2021 and their usage 
percentages are given in Table 4.

The transportation-related carbon footprint was deter-
mined by multiplying the vehicle mileage by emission 
factors, which represented the amount of  CO2 equivalent 
per kilometer and were chosen from the DEFRA emission 
database based on vehicle characteristics. Personal automo-
biles, public transport, and rental cars constitute a remark-
able portion of the total CF balance. Overall, the greenhouse 
gas emissions related to travel are equal to 36.404  tCO2e 
for 2021 in the scope of indirect energy–related emissions. 
The water consumed in the facility is considered an indi-
rect emission. The carbon footprint due to water consump-
tion is calculated by assuming the volume of water used 
in a clean water supply. In this facility, water consumption 
for 2021 is 118,000  m3. To calculate GHG emissions from 
water consumption, the water supplied through the network 
was considered in  m3, and the water source conversion fac-
tor from the DEFRA database was used. In that regard, the 
factory’s carbon footprint for the consumed water in 2021 
corresponds to 17.582 t/CO2e. The main contributions of 
activities as direct and indirect energy–related and indi-
rect non-energy–related categories of the organizational 
carbon footprint of the jeans washing company are shown 
in Fig. 3. The overall quantity of emissions caused by the 
denim-washing company sums up to 2482.09 t  CO2e for 
the year 2021. Natural gas consumption has the highest 
effect because it contributes to about 62.67% of the carbon 
footprint overall. A recent study also indicates that emis-
sions from natural gas for heating have the most significant 
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quantity of emissions when measured in terms of CF in the 
textile industry (Başoğul et al. 2021). Natural gas consump-
tion is followed by emissions associated with electricity 
(32.15%). Electricity consumption accounts for the second 
largest share of the overall organizational carbon footprint in 
the denim-washing company, which is a result of the opera-
tion of the processes, machinery, and infrastructure in the 
buildings that belong to the company. A recent review of the 
literature on this topic was consistent with the results of this 
study (Huang et al. 2017; Radonjič and Tompa 2018). Pur-
chased electricity is one of the main sources of greenhouse 
gas emissions for many companies. For example, Radonjič 
and Tompa confirmed that the largest contributor to green-
house gas emissions is the consumption of purchased elec-
tricity in their organizational CP study (Radonjič and Tompa 
2018). Huang and coworkers presented a detailed analysis 

of the Chinese textile industry and reported that the main 
source of greenhouse gas emission in the textile industry 
is primary resources, which correspond to 80% of the total 
emissions in the Chinese textile industry, and the second 
largest greenhouse gas emission source stems from electric 
consumption (Huang et al. 2017). Generation of waste by 
the denim-washing company has a lower share than heat-
ing and electricity, but with around 2.19%, it is still sig-
nificant. Employees commuting, using factory-owned cars, 
consumption of water, and renting cars account for about 
0.87%, 0.73%, 0.71%, and 0.60%, respectively. The remain-
ing categories are much smaller and appear to constitute an 
almost negligible percentage. These outcomes are consistent 
with the context reported by Kiehle et al. and Radonjič (Kie-
hle et al. 2023; Radonjič and Tompa 2018). Also, Amanthi 
and Navarante confirmed that their company had a minimal 
impact on water usage, which accounts for 0.3% of the total 
(Awanthi and Navaratne 2018).

The study was also examined according to operational 
scopes, and their contribution to CF is shown in Fig. 4 
as percentages. The carbon footprint is 63.48% (1575.75 
 tCO2e/year), with significant emissions coming from direct 
emissions, including heating and fuel consumption. In par-
ticular, natural gas for heating plays a critical role in this 
organization’s greenhouse gas emissions caused by human 
activity. The contribution purchased electricity consumption 

Table 3  Indirect emissions generated by waste in the denim-washing company in 2021

Type of waste Amount of waste Emissions of 
carbon dioxide

t tCO2e

Domestic waste 40.193 17.93578
Sludges from on-site wastewater treatment (combustion) 20.250 0.43119
Sludges from on-site wastewater treatment (landfill) 69.800 32.59980
Processed textile fiber waste 0.339 0.15833
Waste print toners containing hazardous materials 0.007 0.00327
Engine, gearbox, and lubricating oils 0.025 0.00053
Paper and cardboard packaging 0.080 0.00170
Plastic packaging 4.880 0.10391
Wooden packaging 0.040 0.00085
Metallic packaging 0.470 0.01001
Packaging containing residues of hazardous substances or contaminated with hazardous substances 2.319 1.08308
Absorbers contaminated with hazardous substances, filter materials, cleaning cloths, protective clothing 4.020 1.87752
Gases in pressure tanks 0.005 0.00011
Laboratory chemicals consisting of or containing hazardous substances, including mixtures of laboratory 

chemicals
0.004 0.00009

Permanganate (e.g., potassium permanganate) 0.040 0.00085
Wastes whose collection and disposal are subject to special treatment to prevent infection 0.004 0.00009
Fluorescent lamps and other mercury-containing waste 0.020 0.00934
Oils and fats 0.100 0.04670
Batteries and accumulators 0.001 0.00002

Table 4  Results regarding a commuting survey performed at the 
denim-washing company

Mode of transportation Distance traveled 
(km)

Percentage 
of usage 
(%)

Personal vehicle 94,800 18
Public transport 303,000 13
Company leased bus 33,088 69
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categorized as indirect energy–related emission sources to 
the overall organizational CF represents almost 32.15% 
(798.09  tCO2e/year). The organization’s lowest environmen-
tal impact comes from its indirect non-energy–related car-
bon footprint, which makes up 4.36% (108.25  tCO2e/year) 
of the overall CF. The complex operations carried out by the 
organization are what cause the lowest CF value for indirect 
non-energy–related emission sources such as employees 
commuting, rental vehicles, generation of waste, and con-
sumption of water.

In summary, this article discusses the equivalent amount 
of carbon dioxide produced by a denim-washing company’s 

own activities based on ISO standard calculation methods of 
greenhouse gas emissions. The most significant contributor 
to greenhouse gas emissions is direct emission, which is 
the consumption of natural gas used for heating. This is fol-
lowed by purchased electricity consumption categorized as 
indirect energy–related emission. This study also analyzed 
emissions, including employee travel, rental vehicles, water 
consumption, and waste generation in order to understand 
the impact of non-energy-related indirect emissions that are 
barely addressed in academic studies.

Strategies to mitigate the carbon footprint 
of the denim company

The determination of the organization’s carbon footprint 
can serve as an important identification tool for reducing 
greenhouse gas emissions and the implementation of a pol-
icy of low/carbon neutral products. This section deals with 
aspects of the reduction of organizational carbon emissions 
for denim-washing textile companies. As previously stated, 
the heating needed for the building is the main source of 
emissions in this case study. It is essential to focus on mini-
mizing this topic. Perhaps it would be best to investigate 
more effective heating options with lower carbon footprints. 
In recent years, many studies have been carried out on the 
use of renewable energy sources, mainly hydrogen, as an 
alternative fuel for heating purposes (Dodds et al. 2015; 
Momirlan and Veziroglu 2002). Fuel cells and hydrogen can 
potentially generate low-carbon heat and electricity (Niknam 
et al. 2013), so it is possible to reduce the carbon footprint in 

Fig. 3  Percentages of carbon 
footprint by the activity of the 
denim-washing company in 
2021

Fig. 4  Calculated CF of the organization under three categories
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the denim industry (Nicoletti et al. 2015, Padro and Putsche 
1999).

As it is known, the textile industry is one of the sectors 
with the highest energy use, as seen in this case study. The 
most effective way to reduce energy use in the denim-wash-
ing sector is to establish energy-saving policies (Larsen et al. 
2013). To optimize energy savings in a company, it is neces-
sary to raise awareness, increase knowledge, and ensure the 
cooperation of everyone involved in the production process 
(Ozturk 2005). Another way is that the greenhouse gas emis-
sion component can be anticipated to decline if the source 
of electricity can be changed to more sustainable energy 
sources, such as renewable energy (Huang et al. 2017). In 
other words, ways to reduce the power consumed must be 
found to make the operation more environmentally friendly. 
An important aspect that needs to be evaluated is the waste 
generated from activities as it has the third highest impact 
on the total carbon footprint in this study. One of the most 
promising approaches for reducing the carbon footprint in 
the denim industry is recycling (Muthu et al. 2012). Paper, 
plastic products, metals, textiles, organic waste, batter-
ies, and electronic waste can be reused. It is stated that by 
implementing the recycling and reuse process for end-of-life 
products, a maximum reduction of 12 kg  CO2 equivalent 
per kg of textile product can be achieved (Payet 2021). It 
has been noted that the use of textile wastes as insulation 
reduces the material’s heat transfer coefficient. This kind of 
waste recycling will support both energy conservation and 
the insulation sector (Hadded et al. 2016; Islam and Bhat 
2019). Travel policies play an important role in its efforts 
to reduce greenhouse gas emissions for this case study. A 
surprisingly considerable share of the case organization’s 
carbon footprint was due to the means of travel used by this 
company. The company should receive encouragement and 
support to choose more sustainable ways of business travel 
and establish a travel policy (Ozawa-Meida et al. 2013). 
To reduce its travel-related carbon footprint, this company 
should avoid unnecessary travel, conduct online meetings 
using video conferencing and other digital technologies, 
reduce car trips, travel more by train or intercity bus, and 
create more opportunities to work from home (El Geneidy 
et al. 2021; Sangwan et al. 2018).

Conclusion

By assessing the carbon footprint of a denim-washing 
company, the most significant contributor to greenhouse 
gas emissions is direct emission, which is the consump-
tion of natural gas used for heating. This is followed by 
purchased electricity consumption categorized as indirect 
energy–related emission. The determination of the carbon 

footprint of a denim-washing facility where fossil fuel use 
and electricity consumption are high can contribute to 
improving the environmental performance of the organi-
zation. Identification of greenhouse gas activities and cal-
culation of emission amounts become very important in 
determining the effects of companies on climate change 
while carrying out their activities. It is possible to compare 
the carbon footprint calculated annually in the company 
with the values calculated every year. Carbon footprint 
calculation will enable the organization to document and 
archive the organization’s information regularly with the 
inventory study of the organization. In addition, accuracy 
checks on the data will be possible. Information manage-
ment processes will be improved through periodic inter-
nal audits and technical reviews. The organization will be 
able to establish activities at the organizational level to 
reduce greenhouse gas emissions or increase greenhouse 
gas removals. The management of electricity consumption 
and utilization, energy effectiveness, technological process 
and development, management of travel demand, afforesta-
tion, waste minimization, use of alternative energy sources 
and raw materials to avoid waste disposal or incineration, 
and refrigerant regulation are a few examples of these 
activities.

As a result, calculating the carbon footprint of organiza-
tions will increase the brand image by providing positive 
feedback in terms of climate and environmentally sensitive 
stance. By having their carbon footprint calculated, institu-
tions will be able to use it quite effectively as a marketing 
strategy. In addition, low-carbon/carbon–neutral products 
and services will also gain value rapidly from custom-
ers and investors, making these products the reason for 
preference.
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