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1 Preface  

The case study ñTchibo Sports bagò that follows was elaborated within the scope of the Product 

Carbon Footprint (PCF) Pilot Project Germany by Tchibo GmbH in association with Öko-Institut 

e.V. (Institute for Applied Ecology). For the PCF Pilot Project, Tchibo GmbH joined nine other 

companies to pursue, together with the project initiators ï WWF Germany, Öko-Institut 

(Institute for Applied Ecology), the Potsdam Institute for Climate Impact Research (PIK) and 

THEMA1 ï the following project objectives: 

 

1. Gaining experience: On the basis of concrete case studies, the project initiators and the 

participating companies gain experience with the practical application of current 

methods for determining carbon footprints and examine the efficiency of these methods 

(ISO1 standards for life cycle assessment, BSI2 PAS 2050). 

2. Deriving recommendations: Based on the findings of the case studies, 

recommendations are derived for the further development and harmonisation of a 

transparent, scientifically founded methodology for determining the carbon footprint of 

products. The pilot project explicitly refrains from developing its own methodology. 

3. Communicating results: Consumers must be informed of the product carbon footprint in 

a scientifically sound and comprehensible manner. To this end, the project stakeholders 

are holding discussions on reliable communication on a sectoral, company and product 

level to foster climate-conscious purchase decisions and use patterns. The relevance in 

terms of increasing the climate consciousness of consumer decision making is crucial to 

these considerations. The pilot project explicitly refrains from developing its own 

climate-related label since the current methodological conventions are not sufficiently 

consistent and are still under discussion, meaning that its significance in terms of 

possible courses of action would therefore be low. 

4. Standardising internationally: The findings reached and the recommendations derived 

contribute to a situation in which the PCF Pilot Project Germany actively helps to shape 

the international debate on the determination and communication of carbon footprints. 

The definitions and uses of the term ñproduct carbon footprintò differ internationally. Within 

the scope of the PCF Pilot Project Germany, the project stakeholders agreed on the following 

definition: 

ñProduct carbon footprint describes the sum of greenhouse gas emissions accumulated during 

the full life cycle of a product (good or service) in a specified application.ò 

                                                

 
1
 International Organization for Standardization. 

2
 The British Standards Institution. 
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In this context, greenhouse gas emissions are understood as all gaseous materials for 

which a Global Warming Potential coefficient was defined by the Intergovernmental Panel on 

Climate Change (IPCC). The life cycle of a product encompasses the whole value chain ï from 

the acquisition and transportation of raw materials and primary products over production and 

distribution to the use, recycling and disposal of the product. The term ñproductò is used as a 

generic term for goods and services. 

The project initiators and participating companies regard the international standard for 

life cycle assessment (ISO 14040 and 14044) as the basic methodological framework for 

determining a product carbon footprint. Moreover, this standard is the most important 

foundation of the British PAS 2050 as well as of the above-mentioned dialogue processes of 

the ISO and the World Business Council for Sustainable Development/World Resources 

Institute3. Therefore, within the scope of the pilot project, ISO 14040/44 constituted an essential 

basis for the work carried out on methodologies and thereby for the case studies themselves.  

Many of the basic methodological conditions of ISO 14040/44 can be applied in the 

case of the PCF methodology, but several have to be adapted. Some terms of reference of the 

ISO 14040/44 are loosely formulated, making it necessary to examine whether it is possible to 

develop less ambiguous terms of reference which have a comprehensive or product group-

specific foundation. This would simplify the comparability of different PCF studies. In addition, 

within the course of the case studies, the significance of PCF compared to other environmental 

impacts in the product life cycle was analysed in varying detail. From the perspective of the 

PCF Pilot Project, this analysis is crucial to the securing of decisions and approaches to 

communication, which are made and developed on the basis of PCF. Furthermore, creating 

clearer terms of reference constitutes one of the greater methodological challenges in this 

context, also in respect of international harmonisation and all applications where public 

communication of the PCF is intended. 

Each participating company selected at least one product from its portfolio for which a 

PCF was determined. In this way, methodological frameworks or rules of interpretation 

regarding the ISO 14040/44 could be practically tested using a specific case study. In turn, 

specific methodological issues also emerged from the case studies. The broad spectrum of 

products selected for the case studies made for a comprehensive discussion. The involvement 

of companies from very different sectors in the PCF Pilot Project was challenging but also 

fruitful, constituting an essential prerequisite for the development or optimisation of a 

methodology which could be used as broadly as possible. The case study ñTchibo Sports bagò 

by Tchibo GmbH constituted an important component of the project, on the basis of which ï 

together with the diverse experiences gathered in terms of carbon footprinting ï the findings 

and recommendations were developed according to the project objectives. 

                                                

 
3
 With regard to the WBCSD/WRI process, a final decision has not yet been taken. However, it can be assumed, 

given the current status of the discussion, that a decision on the ISO 14040/44 will be taken in the coming 

weeks. 
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The most important results of the pilot project are summarised in a paper entitled ñProduct 

Carbon Footprinting ï Ein geeigneter Weg zu klimaverträglichen Produkten und deren 

Konsum? ï Erfahrungen, Erkenntnisse und Empfehlungen aus dem Product Carbon Footprint 

Pilotprojekt Deutschland ñ. This paper, along with much more information on product carbon 

footprinting and the PCF Pilot Project, can be found at: 

 

www.pcf-projekt.de 

 

The work carried out within the pilot project should not be understood as the final word 

on the determination and communication of product carbon footprints. Therefore, the project 

partners are happy to receive intensive feedback from interested stakeholders, also with regard 

to the case study presented in the following. Based on this feedback and the project findings, 

the project initiators and partners wish to actively support international debates on the 

harmonisation of product carbon footprinting by virtue of their findings. Only in this way, with the 

help of an internationally accepted standard, can PCFs be determined, assessed and reliably 

communicated in a uniform and comparable fashion. 

 

Berlin, 26 January 2009 

2 Executive Summary  

¶ Das PCF-Pilotprojekt ist eine sehr sinnvolle Ergänzung der Klimaschutz-Aktivitäten von 

Tchibo, da durch die Erfassung des Carbon Footprint Transparenz über die Hot Spots der 

Ressourcenverbräuche und Treibhausgasemissionen in der jeweiligen Wertschöpfungs-

kette erlangt wird. 

¶ Aufgrund der Komplexität der untersuchten Wertschöpfungskette war bei der Bilanzierung 

einiger Produktlebensphasen die Nutzung von Sekundärdaten erforderlich. 

¶ Die wesentlichen Hot Spots sind in der Herstellung der Vorprodukte zu finden, da die 

Herstellung und Verarbeitung von Kunststofffasern häufig ein sehr energieintensiver 

Prozess ist.  

¶ Als wesentliche Handlungsoptionen wurden die weitere Optimierung der Energieeffizienz in 

den verschiedenen Produktionsschritten sowie ein Produktdesign unter Berücksichtigung 

der Klimaverträglichkeit der verwendeten Materialien etc. identifiziert.  

¶ Momentan werden diese Handlungsoptionen auf ihre Realisierbarkeit geprüft.  

¶ Eine ähnliche Vorgehensweise für andere besonders klimarelevante Produktgruppen 

erscheint sinnvoll.  

 

¶ The PCF pilot project is a very reasonable extension of Tchiboôs climate protection activities 

as the capture of the carbon footprint gives transparency regarding the hot spots of 

resource consumption and greenhouse gas emissions in the analysed supply chain.  

http://www.pcf-projekt.de/
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¶ Due to the complexity of the analysed supply chain, secondary data had to be used for the 

calculation of several product life cycles. 

¶ The main hot spots can be found in the production of the pre-products, as production and 

processing of plastic fibres often is highly energy-intensive.  

¶ The further optimisation of the energy efficiency in the various production steps as well as a 

climate-friendly product design with regard to the used material, etc. have been identified as 

main courses of action. 

¶ Currently the feasibility of these courses of action is being verified. 

¶ A similar approach for further climate-relevant product categories seems reasonable.  

3 Companyôs Profile  

¶ Brief intro duction to the company  

Based in Hamburg, Tchibo is one of Germanyôs largest internationally active retail and 

consumer goods companies ï and the worldôs fourth-largest coffee producer. Founded in 1949, 

Tchibo stands for a unique business model: it combines first-rate roasted coffee expertise and 

an innovative spectrum of consumer merchandise that changes on a weekly basis. To 

distribute its products, Tchibo relies on a unique multi-channel sales system including its own 

shops, a successful mail order and Internet business as well as an extensive retail presence.  

 

¶ Description of importance and state of product related activities on climate 

change  within the Company  

Climate protection is one of the biggest challenges of our generation. We at Tchibo are aware 

of our responsibility for the climate, too. Thatôs why we have set ambitious targets and we put 

into effect precise measures towards climate protection. 

A lot of our products have a complex supply chain and they often have to cover long distances. 

Due to that we try to create all processes of the product life cycle as resource-friendly as 

possible to protect the climate. 

These are some examples of our activities in this section: 

¶ In the area of raw materials, we are working with internationally accepted multi-
stakeholder standards, i.e. those of the Rainforest Alliance as well as the FSC, which 
are particularly focused on the compatibility of the environment and climate of coffee 
cultivation respectively forestry. 

¶ Since January 2008, we have been purchasing the electricity for our German 
administrative buildings, roasteries and warehouses from an óecotricityô supplier whose 
electricity comes from sustainable sources. Our German shops purchase this 
electricity since January 2009. 

¶ Tchibo is an active partner in the óLogistics towards sustainability (LOTOS)ô project. In 
collaboration with the Hamburg - Harburg University of Technology and the German 
Federal Ministry for the Environment, weôre currently implementing measures that lead 
to a further ambitious reduction of greenhouse gas emissions in our transport 
processes. 
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The participation in the ñProduct Carbon Footprintò pilot project is another component in our 

climate protection activities by what weôd like to transfer further meaningful measures for the 

product-related climate protection. 

4 Organisation and Procedures  

¶ Organisation of case study and activities within the Company (Set Up, 

Participation, Procedures  

 

The case study was coordinated by the Corporate Responsibility department. 

Experts of other departments relevant for the value chain of the examined sports bag like 

Non Food Purchasing, Non Food Quality and Logistics surveyed the essential data. The 

Corporate Communications department was partly involved in the superior task forces. 

External partners of the case study  

Öko-Institut e.V., as well as the supplier of the sports bag and its packaging supported the 

data capture.  

 

5 Goals and Scope  

The PCF pilot project aims to develop a sound methodology for calculating product-related 

greenhouse gas emissions that may be used further in business to business or business to 

end-user communications. Until today, no standard format for calculating product-related 

greenhouse gas emissions or product carbon footprints (PCFs) has been developed. However, 

there are several areas that will deliver important insights for a methodological approach. 

First is the international norm on life cycle assessment, ISO 14040 Series. ISO 14040/14044 

started to materialize in 1997 and presents an international standard that links life cycle 

assessments with due diligent processes, data quality control and environmental management. 

Secondly are standards and approaches for calculating corporate greenhouse gas balances. 

They too may provide important information and insights on how to calculate certain aspects of 

the product value chain. Here are an ISO standard (ISO 14064) as well as a voluntary industry 

initiative, the Greenhouse Gas Protocol, that are worth noting. 

Thirdly has the British Standards office published its final version of the PAS 2050, 

ñSpecification for the assessment of the life cycle greenhouse gas emissions of goods and 

servicesò. PAS stands for Public Available Specification and is a non binding standard, 

hierarchically below ISO norms. However, both PAS and voluntary initiatives have the power to 

become de-facto norms and influence the international norm-setting process by virtue of 

establishing a methodology. 

Thus the major goal of this study is to gain experience with an applied PCF and to inform the 

process for developing a sound PCF methodology. While life cycle assessments have been 

used traditionally in a scientific way and for internal purposes, it is apparent by the discussions 
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that a PCF will be meant more as a means of communicating performance to business and 

private customers. Therefore the question of communication and of goals and aspirations is 

intrinsically linked with developing a sound methodology. 

 

The following PCF was carried out in accordance with the ISO 14040/14044 norm. It was 

decided that the ISO 14040/14044 approach presents the most comprehensive approach to 

date. It can be expected that other environmental effects, which may be important to consider, 

can be detected by using the full life cycle assessment approach. However, there might be 

social effects and socially affected along the value chain, which will not be covered with a 

traditional ISO 14040/14044 life cycle assessment. Social aspects always belong in a 

comprehensive assessment of responsible behaviour, good corporate conduct and the 

presentation of sustainability. 

This pilot study tries to find answers to the questions, what does a PCF say? What conclusions 

can be drawn? Where are the limits? Where are the risks? How can it be used? In which way 

does it inform the consumer and user? And last but not least is it suitable indicator for 

responsible performance? 

 

In accordance with ISO 14040/14044/14044, the following assessment is based on a functional 

unit (FE). Functional units serve to normalize elementary flows and environmental impacts. The 

Öko-Institut e.V. and Tchibo have decided to use one Tchibo Sports bag as the functional unit 

(FE). 

5.1 Objectives of the Case Study  

¶ Documentation of the basic motivation of the company as well as the specific 

objectives of the chosen case study  

 

As mentioned in Chapter 3, climate protection is an essential topic for us.  

 

By balancing the PCF of the sports bag we wish to obtain the following benefits: 

¶ Information about climate efficiency of a selected supply chain 

¶ Identification of hot spots of GHG emissions 

¶ Establishing possible reduction potentials  

¶ Practical know-how about PCF 

¶ Supporting the international harmonisation of methodology 

¶ Prospects of a communication which fulfils all requirements 

 

The final results and findings will further be made public through the web-side of the PCF Pilot 

Project. Any other use of the results and findings, for example in communications of Tchibo to 

its customers, are not intended with this study, but are in the discretion of Tchibo. 

A comparison with other products is not intended, nor is it part of this study.  
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5.2 Product Selection and Definition of the Functional Unit  

5.2.1 Functional unit  

The product system to be studied is a Tchibo sports bag. One sports bag acts as the functional 

unit (FE) for the analysis. The sports bag is mainly manufactured from coated polyester (PES) 

fibre. It has a poly-propylene (PP) reinforced bottom, polyester lining and 5 zipper 

compartments, as well as two net compartments. The zippers are made out of metal coated 

with Nylon zipper foots. Carrying strap and handles come with poly-urethane (PUR) foam 

padding. 

5.3 System Boundaries  

Tchibo contracts a make-up manufacturer in China and takes on the responsibility of 

distribution from the sending port in China to its own stores and depots within other stores. The 

manufacturers of the raw materials are subcontractors to the first tier supplier of Tchibo. 

The approach for calculating the greenhouse gas emissions is a cradle to grave approach. 

Figure 1 presents the process steps that are included in the study.  



 

Case Study Documentation 

 8 

The extraction of the raw materials, their processing to semi-finished feedstock materials, the 

processing from fibre to fabric and the final make-up of the bag has been included. Waste 

occurrences have been included specifically at several locations within the process, namely 

during the fabric manufacturing process, the make-up process and at the end of life of the 

sports bag. 

Transport has been included from cradle to grave as well. The transport beyond the loading 

port in China falls under the responsibility of Tchibo. The transport by the consumer was also 

calculated. 

Excluded was the use of the product because the use of the sports bag does not in itself 

consume energy or create emissions. Further excluded were the emissions from capital goods. 

Figure 1 illustrates the process chain and system boundary. 

 

 

Other impact areas  

One goal of the study is to test the PCF methodology whether it is suitable to map the relevant 

impacts a product can have. Major impacts of certain products might be caused by emissions 

not covered under the six Kyoto greenhouse gases. The limitation on a greenhouse gas 

footprint might lead to misleading categorization regarding the environmental friendliness of 

products. Therefore the study includes several other environmental impact areas. Those impact 

areas are traditionally used in life cycle assessments and include: 

¶ Eutrophication potential 

¶ Acidification potential 

¶ Photo-chemical smog generation potential 

Figure 1 Process Flow Chart for the Tchibo sports bag 
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5.4 Data Sources and Data Quality  

The difficulty with the carbon footprint in the context of the Tchibo sports bag is the aim for 

original data. The Tchibo sports bag is manufactured in China. Tchibo contracts a make-up 

plant that itself sources the raw materials form sub contractors. Thus, Tchiboôs depth of contact 

into the supply chain is limited. This is probably representative for most consumer products that 

today are manufactured in emerging markets.  

While original input data could be obtained for the make-up process and the transport and 

distribution of the product, all other processes had to rely on secondary data. Even for the 

transport processes the original data covered the activity, but not the emissions. Emissions 

from transport were modelled using publicly available emission factors and a bottom up 

approach.  

The upstream processes had to be assessed based on material specifications. Data were 

obtained from literature and then linked to secondary data in data bases. While the data for 

manufacturing of input materials relied on European data sets, the energy consumed for the 

production process was considered geographically specific, originating from the Ecoinvent data 

bases. (Table 1) 

 

Energy Carrier  Ecoinvent % for 

baseyear 2005  

Coal 78.7 % 

Oil 2.87 % 

Gas 0.32 % 

Biomass 0.10 % 

Hydro 15.9 % 

Wind 0.06 % 

 

Table 1 EcoInvent v2.0 China energy mix 

Primary data for the make-up process was not verified but its reliability and quality should be 

considered sufficient. The locality of energy production for the make-up process was taken into 

account. Data on energy production emissions were taken from databases. 

Data reliability and the error margins are small for the transport processes because detailed 

knowledge, in particular about the international transport leg, could be gathered. Upstream 

emissions were added using database emission factors. 

The base time period of the data was 2008, where it relied on original data. In case of 

secondary data, the time period depends on the available data sets.  

Detailed emission factors, sources of data and error potentials are presented in the related sub-

sections. 
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5.5 Allocation  

Allocation, where applicable, was based on a mass balance. The places where allocation was 

necessary were the manufacturing process, transportation and waste treatment. All other 

processes were added using data bases that contain already allocated effects. The allocation in 

the data bases might be monetary or on a mass basis. 

6 Inventory and Calculation  

Data were collected through Tchibo. Tchibo could deliver original data for the make-up process, 

the energy consumption during warehousing and activity data for transport processes.  

Life cycle emissions were added using LCA data bases, in particular Ecoinvent v2.0 and Gemis 

4.4 databases. Emissions were modelled using the Umberto v5 software. 

6.1 Extraction of Raw Materials  

The entire area of raw materials extraction has been included in the calculation via the use of 

database data for materials. The calculation therefore relies on secondary data from the 

Ecoinvent database for raw and semi-finished materials. 

The basis for those emissions is European data and includes all necessary preceding steps. 

They also include allocation rules when applicable.  

Major uncertainties when using database data that is not compatible with the production region 

stem from potentially different practices in mining, extraction, refining and processing, as well 

as unknown transport distances. However, we assume the error in regards to greenhouse gas 

emissions rather minor. The error in other impact areas might be larger. 

6.2 Production  

The three different groups of materials are woven materials, molded plastic parts and metal 

accessories. The material chains for the main feedstock materials (PES, PP, PUR and Nylon) 

include a petro-chemical chain from crude oil and natural gas extraction to the chemical 

processing. Furthermore a metal processing chain from recycle and virgin metals to the final 

alloys is included. 

Woven Materials  

The sports bag is made out of a woven fibre, mainly 300 D PES4 partially coated. The zipper 

foots are manufactured from woven Nylon fibre. The inner lining is woven PES as well but from 

finer quality. The bottom is a moulded PP sheet. Before weaving fibres, other auxiliaries are 

applied that have environmental effects. Those include sizing agents and lubricants. One 

common pollutant that may originate from auxiliaries in this process step is antimonytrioxid. Oily 

                                                

 
4
  300 D = 300 denier: a measurement of the coarseness and size of a fibre = 300 g/9000 m. This corresponds 

to 33,3 tex in g/km, another textile measurement. PES is synonym for polyester fibre.  
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lubricants are applied by 0.2 ï 1% by weight, lubricants up to 20% by weight. 

(Schönberger/Schäfer 2000) 

 

The manufacturing of polyester is one of the main elements in the life cycle of the bag. 

Polyester fibres are linear macromolecules containing at least 85% of an ester in the chain. 

There are mainly three types of polyester that are used in the textile industry. (EC IPPC 2003) 

¶ Poly(ethylene terephthalate) (PET) 

¶ Poly(butylene terephthalate) (PBT) 

¶ Polytrimethylene terephthalate (PTT) 

Of those three, PET is by far the most used for textiles. The benefits of PET polyester are its 

resistance against temperature and other mechanical stresses. However, this also leads to an 

inhibited uptake of dyes, requiring dying at temperatures above 100 degree Celsius, unless 

carriers are used (dying accelerants). Those carriers are harmful to the environment and toxic 

to humans. 

 

The manufacturing of therephtalate is a 

petrochemical process. Figure 2 

presents the principle pathways for 

producing polyester fibres. DMT and 

MEG are the most common processes, 

while PTA is important in particular for 

polyester applications in the textile 

industry. The manufacturing of 

polyester is handled by large chemical 

enterprises, where the synthesis is 

connected to the oil and gas refining 

process. Globally there are 

approximately 500 plants to produce 

polyester fibres. 

It is likely that the producer of polyester 

is also the producer of the fibre. Fibres 

are typically extruded into continuous 

filaments. Those filaments are either 

directly woven into the fabric or cut into 

staple length (PES staple fibre).  

The three methods for extruding 

polyester fibres are: 

- melt spinning 

- dry spinning 

- wet spinning. 

Figure 2 Production Process of PES Fibre 
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All of those processes require energy. Each of the processes may use different chemical 

agents, in particular oils and lubricants (EC IPPC 2003). 

In reference to technical descriptions in literature (BTTG 1999b; Schönberger/Schäfer 2000; 

EC IPPC 2003; Koç/Kaplan 2007), a sequence of processes was assumed for all woven 

materials (PES and Nylon). However, the data on energy use and emissions in literature shows 

a wide spread. The following process steps were assumed (Figure 3): 

¶ Opening ï the preliminary separation of fibres 

¶ Carding ï the sorting of fibres to a uniform webly structure 

¶ Drawing/rowing ï blending and doubling of single strings in rope form 

¶ Combing/Roving ï raw fibre preparation (may not 

apply) 

¶ Spinning ï the actual yarn formation process 

¶ Winding/warping ï physical sorting of the spun fibre 

¶ Weaving ï process for merging fibres to a fabric 

¶ Washing ï removal of pre-treatment chemicals 

¶ Thermo fixing ï increasing of the fabric stability 

¶ Bleaching ï de-colouring of fabric 

¶ Dyeing/coating ï application of colours and coatings 

¶ Finishing ï may include washing and drying 

¶ Make-up ï the sawing of the product 

¶  

For the entire area of pre-treatment prior to spinning (opening, 
carding, drawing/rowing, combing and roving) specific data is 
sparse even within the European geography. The presentation 
of results often does not allow for a sharp distinction between 
the individual process steps but is subsumed under fibre 
production. The British Textile Technology Group (BTTG 
1999d) had published detailed data on individual processing 
steps that was used in other studies as well (Marks & Spencer 
plc 2002, Woolridge et.al. 2006). Thus the data from BTTG 
(1999d) were used.  

 
 
 
 
 
 
In order to acknowledge the large data uncertainty, it was decided to build three scenarios: 

¶ Preferred scenario ï data that likely reflects the process steps used for manufacturing 

the Tchibo sports bag 

¶ High scenario ï upper values of literature references 

¶ Low scenario ï lower values of literature references 

Figure 3:  
Principle Process Steps in 
Fibre to Fabric 
Manufacturing 
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It was assumed for this process step, as well as for the following process steps, that the 

specific energy consumption is likely in the same range, whether those processes are applied 

in Europe or in the Far East. The main differences are in the energy mix of the respective 

countries. The analysis therefore takes the energy consumption assumptions from European 

contexts and links it with energy generation through power plants in the Far East. However, 

those datasets also bear a degree of uncertainty (see section 5.4) 

Regarding the production process the polyester and nylon (for the zipper foot) undergo the 

process steps from fibre to fabric. The other materials ï PP feet, PE reinforcement, PU foam, 

and metal accessories ï are added in the last step of the product make-up. Assumptions and 

uncertainties are as follows: 

 

Spinning /winding/warping and weaving : 

In principle a conventional ring-spinning and more advanced spinning systems exist. Both 

systems are mechanical systems. The advanced systems are faster and less energy intensive, 

but produce a lower quality product. Due to market competition ring spinning remains by far 

the dominant system. (Koc 2007) 

The energy demand of the spindles depends largely from the size of the spun fibre. Spinning 

and weaving 33 tex fibre (300 D) is 3.5 to 3.6 less energy intense than spinning and weaving 

12 tex fibre. While about 85% of the energy is consumed to rotate the mechanical spindles 

other energy consuming variables might be significant. Besides the spindle, energy is 

consumed for air conditioning, lighting and the potential heat energy demand for fixation of 

auxiliaries. The air conditioning, which is necessary to process particular fibres, might take up 

>15% of the energy demand. 

 

A detailed study of the energy consumption in spinning and weaving process compared 

different country specific values, investigated deeply into one factory in China and affirmed the 

findings with bottom-up modelling of the emissions (Koç 2007). Other studies tend to publish 

higher values for spinning and weaving, but without specifying the yarn or process steps. The 

design specifications prescribed a 33 tex PES fibre and thus available specific data was used. 

Assumptions: 

¶ It was assumed that ring-spinning is applied. 

¶ The data from Koç (2007) for spinning and weaving a 33 tex fibre plus data for low 

winding (BTTG 1999d) were used as preferred values. The sole data from Koç 

represents the low value scenario. 

¶ 72% of the energy is used here for machinery and 16% for air conditioning. 

¶ It was assumed that generally published data on spinning and weaving or those for 

other apparel products are those of finer yarns.  

¶ A mean over several literature data was used as high scenario value.  
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Washing/thermofixing/dyeing/coating  

The next process step is the pretreatment in order to prepare the fabric for the dyeing process. 

Pretreatment of polyester includes washing, thermofixing and sometimes bleaching.  

Thermofixation is a process whereby the fabric is stretched over a tension frame at 

temperatures between 170 ï 220°C. The thermofixation can be applied prior to or after the 

dyeing process. There is a risk of elevated air emissions if the fabric had not been washed 

thoroughly.  

The washing process removes the sizing agents that were applied for the weaving process. 

Thermofixation describes the process where the fabric is stretched and heated to improve its 

finish and processability. 

Bleaching is a process that is not necessarily required with synthetic fibres. However, because 

a large part of the bag is of white colour, bleaching of those fibres must be done. The black 

portions of the bag may not be bleached. The bleaching agent for polyester is usually peroxide 

or sodium chlorite.  

The dyeing of polyester uses dispersion dyes and azo dyes (Schönberger 2000). Common 

dyes contain 30 ï 50% dyestuff. The remaining percent is dispersion agents, salts and 

additives. Dispersion dyes are absorbed by the fabric between 88 ï 99%. Dyeing is responsible 

for pollutants in waste water, including AOX, elevated chemical oxygen demand, salts and 

sometimes heavy metals. 

The last process step is the drying of the fabric. The fabric might be tried after the dyeing baths. 

Drying of fabric is an energy intensive treatment process.  

 

The energy in the textile processing plant is delivered through a gas or oil fired boiler. A portion 

might be also used from the electric grid. As a conservative assumption it was assumed that all 

heat and steam demands are covered through on-site oil fired boilers. 

The most detailed and process-related disclosed data were found in BTTG (1999d). Other 

studies choose values close to the average of those reported in BTTG (Marks & Spencer 2002, 

Woolridge 2005). Lower values were reported from a plant in Germany that used gas fired 

power with heat recovery (BLU 2000). However, because this plant also processes only 

polyester mix yarns and other non-PES fabrics, the values were only considered for control 

purposes. The distinction between electricity and heat was also taken from those values.  

Values also sometimes exceeded the referenced numbers significantly, for example in 

Nieminen-Kalliala (2003). However, a clear attribution of the values to processes could not be 

made. Furthermore, the reference materials were mixed cotton/synthetic fibre and it could not 

be assessed what potential affect this might have. The data by Nieminen-Kalliala were ignored. 

Assumptions: 

¶ All woven fibres were assumed to be brushed, cropped, desized and washed 

(thermofixation), and bleached.  

¶ Upper and lower values from BTTG (1999d) were used for high and low scenarios. 

¶ The average from literature sources was used for the preferred scenario. 
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¶ For the processes dyeing, finishing and coating it was assumed that 17% of the energy 

demand is electricity and 83% is heat based on BLU (2000), supplied by on-site oil-fired 

boilers. The electricity was taken from the Chinese grid. 

Table 2 Assumed energy demand for different textile processes and scenarios 

 

Other input materials for the sports bag are a PE hard-plastic inlay, PP feet, PUR foam for the 

shoulder pads, nylon zipper foots and metal accessories. In addition to the main materials, a 

small amount of yarn, webbing and seam tape is used. 

For all material inputs data sets from Ecoinvent were used. Those represent data based on 

European manufacturing processes. (For data quality discussion see section 5.4) 

  

 

Transport of feedstock materials  

The make-up plant is located in China. The large plastic manufacturers are located in the 

regions of Guangzhou/Hong Kong, Jiangsu/Shanghai and Tianjin/Beijing. No information on 

where those feedstocks were produced could be obtained. Thus, average distances for PES 

and Nylon were developed by using a random sample of PES and Nylon manufacturer and 

calculating average distances. The PES and Nylon manufacturer are listed at the Web-site of 

the China Chemical Fiber Economic Information Network5.  

The emission standards were calculated by adopting German and European data to the China 

typical situation. China has introduced the EURO norms with a delay compared to Europe. New 

trucks sold in China from 2000 had to adhere to the EURO 1 norm, from 2004 the EURO 2 

norm. Statistics China publishes data on the number of trucks from 1990 as well as the tonne-

kilometer from the year 2000 on. Prior to 2000 only vehicles owned by the Department of 

Highway Transportation, but from 2000 all trucks were included. Thus the bulk number of year 

2000 trucks were assumed to be pre-Euro, 1/3 from the 70ies and 2/3 from the 80ies. Starting 

with the year 2000 the additional trucks were allocated to the EURO 1 and 2 norms using their 

tonne kilometre figures. Status is the year 2006. Emission factors were derived using the 

German TREMOD database. (Table 3)  

                                                

 
5
  http://www.ccfei.net/Who.aspx 

Preferred 

scenario

Low energy 

scenario

High energy 

scenario

kWh / kg kWh / kg kWh / kg

Preparation of fibre 4,0 2,5 8,1

Spinning 3,2 1,5 8,7

Weaving 1,9 1,8 27,1

Dyeing 7,6 5,1 10,9

Finishing / coating 5,6 0,4 5,6

Textile process
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Table 3 Emission factors for trucks in China. 

 

Assumptions: 

¶ For PES 1385 km, for Nylon 1035 km and for all other materials 500 km were assumed 

as transport distances.  

¶ It was assumed that PES and Nylon are transported by trucks with trailer or flat bed >32 

t and an average loaded load of 20 tonnes; all materials are transported by solo trucks 

20-32 t with an average loaded load of 14 tonnes. 

¶ The utilization was set to 50%. 

¶ As fleet status 2006 21% pre-EURO 70ies, 42% pre-EURO 80ies, 25,4% EURO 1 and 

11,7% EURO 2 was assumed for all trucks.   

 

Product Transport to the port  

A similar approach has been taken for the product transport from the make-up manufacturer to 

the port. From hereon the distance to the port was known (70 km). It was assumed that the 

transport is conducted with a truck >32 t with trailer or flat bed. The utilization and emission 

factors above were used. 

 

Packaging of the product  

The Tchibo sports bags are packed individually in a poly ethylene bag, and a card-board inlay 

provides product information. Nine bags are packed in a double-wall card board carton. It was 

assumed that the PE bag and the inlay are made out of virgin raw materials and that the card-

board box is made out of recycled fibre.  

 

Packaging material  Weight per bag [g/bag]  

Polyethylene bag 11 

Paper inlay 77 

Card board box (share per bag) 135 

Table 4 Packaging material per Tchibo sports bag 

 

Inbound product trans port  

The card-board boxes with Tchibo sport bags are packed in 40ô standard containers at the 

make-up factory. No palettes are used to maximize the loading space in the containers. The 

bags represent a volume restricted freight, which means that the containerôs volume is filled 

China trucks, assumed with 50% load CO2 [kg/t-km] NOx [kg/t-km] SO2 [kg/t-km]

Fuel 

consumption 

[kg/t-km]

Average solo truck 20 - 32 t 0,1284 1,60E-03 6,00E-04 0,0404

Average truck & trailer or flat bed >32 t 0,0940 1,70E-03 7,00E-04 0,0296
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before it reaches its maximum capacity. The containers were loaded between 4.6 and 5.4 

tonnes.  

While no direct emission data could be obtained, the inbound product transport could be 

modelled with great certainty. Tchibo takes responsibility of the bags from the loading port on. It 

contracts with the carrier directly and could name the ships that were carrying the containers. 

The schedules of the two carriers used also enabled the determination of the speed the vessels 

were travelling. Recent slow down of the economy, cost pressure from high fuel prices and 

environmental awareness with Tchibo and ocean carriers have resulted in so called óslow-

shippingô, a measure to reduce fuel consumption and greenhouse gas emissions. 

The Öko-Institut e.V. has developed and refined the modelling of international sea-borne freight 

transport. Former methods were based on emission factors from bulk shipping and used simple 

approaches with the assumption that ocean shipping does not contribute significantly to overall 

product emissions. It is important to recognize that containerized transport generates emissions 

based on the number of containers carried on a ship and only marginally based on the weight 

of each container. Thus, calculating containerized ocean transport emissions by using weight-

based emission factors may lead to inaccurate and mostly too low of emissions.  

The modelling of ocean freight is using a bottom-up method based on vessel specific technical 

factors and operational elements. The bottom-up methodôs accuracy was verified by comparing 

modelled data with data delivered by ocean carriers (Table 5). The bottom-up method had also 

been used by the IMO recently to develop emission factors for a range of vessel types (IMO 

2008). 

The emissions depend mainly on the engine power and the speed a vessel travels in relation to 

its cruise speed. With the data delivered by Tchibo through the carrier the calculation was 

using: 

¶ Vessel-specific engine data (kW) 

¶ Average speed between individual ports on the entire leg 

The actual fuel consumption was calculated using fuel emission factors published in ENTEC 

(2002), determining the actual speed between ports, calculating the corresponding engine 

rating by applying the propeller law, and gathering the distances and times on the entire leg. All 

four vessels used were very large container vessels (>8000 TEU).  

TEU Class

CO2 g/TEU-km 

Öko-Institut 

Calculation at 

cruise speed 

85% MCR

CO2 g/TEU-km 

Öko-Institut 

Calculation at 

low speed 60% 

MCR

CO2 g/TEU-km 

according to 

Maersk 

Environmetnal 

Report 2007

< 1000 166,04 131,63

1000 < 2000 137,50 109,01 119,3

2000 < 3500 112,39 89,10 119,9

3500 < 5000 107,71 85,39 90,8

5000 < 7500 110,31 87,45

7500 < 10000 91,76 72,75

10000 > 10000 72,83 57,73 70,2

75,7

Table 5 Comparison of emission factors from modelling with reported data 
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The resulting emissions can be related to the nominal load of a container ship in form of TEU-

km ï as it is common for ocean carrierôs environmental reporting. However, a second step of 

accurately calculating emissions requires the inclusion of the utilization of the container vessel 

ï an approach that is similarly applied to land-side transport. 

The utilization of container vessels is trade-lane specific and was determined to be 66,5% on 

the Asia ï Europe leg. The underlying data are TEU movement data between major global 

regions. (Figure 4, data source: UNCTAD 2008 and previous years) The maximum possible 

average load was set to 85%. A 100% load is practically impossible because: 

¶ Container vessels operate in liner traffic, leaving ports on schedule, not when fully 

loaded. 

¶ Multiple loading and unloading ports lead to only partial loads at the beginning and end 

of each leg. 

¶ Carriers are offering over-capacity in order to fulfil custom needs. 

¶ Capacities must be at hand for peak seasons. 

 

 

Table 6 Comparison of vesselôs operational data 

Vessel Days at sea Average speed

Distance from 

load to unload 

port [km]

Approximate 

engine load

Container vessel I 21 23,11 22.000 71,80%

Container vessel II 21 23,11 22.000 71,80%

Container vessel III 21 21,28 20.262 61,70%

Container vessel IV 20 22,35 20.262 71,40%



 

Case Study Documentation 

 19 

The utilization of 66,5% reflects the average utilization over the entire return voyage. An 

alternative method would be to apply a utilization factor of 50% on each transport mode. The 

results were emission factors specific to the voyages of the particular vessels (Table 7).  

The transport emissions from the containerized ocean leg were calculated on a container basis 

and then converted into tonnes and number of bags.  

The transport from the ports in Bremerhaven or Hamburg (two ships called in Hamburg, with a 

voyage that was 1,740 km longer due to multiple port calls) were carried out by train, carrying 

the full containers on flat bed. In this case, a weight-based emission factor from Ecotransit 

(IFEU 2008) was applied. The weight of the containers was added to the transported weight 

and allocated to the netto freight. The German energy mix used to calculate the rail-borne 

emissions. 
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Figure 4 TEU movements and utilization on the Asia ï Europe trade lane. 

Table 7 Emission factors for the vessels transporting the Tchibo-bags 

Specific vessel on specific voyages, 

including utilization factors

CO2 [kg/TEU-

km]

NOx [kg/TEU-

km]

SO2 [kg/TEU-

km]

Fuel 

consumption 

[kg/TEU-km]

Container vessels I and II 0,1251 3,49E-03 2,17E-03 0,0402

Container vessel III 0,1150 3,21E-03 1,99E-03 0,0369

Container vessel IV 0,1268 3,54E-03 2,20E-03 0,0407
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6.3 Distribution  

The distribution of Tchibo consumer products passes through the central warehouse in Bremen 

and several distribution centers. The containers with which the products were shipped are 

unloaded at the warehouse and palletized. The storage in the warehouse is automatized. The 

energy consumption of the central warehouse was divided by the number of pallets that move 

through the warehouse per year and allocated to the number of pallets used for the Tchibo 

sports bag. 

The transport from the central warehouse to the distribution centers (DC) is either by train (DC 

Neumarkt and Gernsheim) or heavy duty truck (DC Gallin). From each DC, including DC 

Bremen, two types of routes deliver the products to the stores and depots. Long-distance 

delivery to loading points is utilizing heavy duty trucks >32 t and short distance deliveries are 

utilizing trucks smaller 7,5 t for the final delivery. 

Unsold bags are returned after the sales period on a retour route. For this return, only the long-

distance transport was calculated, because on the short-distance runs, the trucks return the 

items on their regular loops.  

Finally a number of sports bags are sold via the Internet store. It was assumed that those bags 

are transported with the German package system carrier.  

For each transport section, Tchibo delivered vehicle kilometre, the number and tonnage of 

bags. For the long-distance transport it was assumed that the trucks are fully loaded with sports 

bags. For the short-distance transport, it was assumed that the trucks are loaded with a mix of 

Tchibo products, representing an average type of cargo. Emission factors where taken from 

TREMOVE database version 2.7. For rail cargo the electric mix of Germany was used. (Table 

8) 

 

 

 

6.4 Shopping Tour  

As agreed upon at the PCF working group, the shopping tour emissions were calculated and 

presented separately. The assumptions for the shopping tour were: 

¶ 5 km distance 

¶ Average German individual mid-size vehicle 

¶ Total of 20 kg of goods purchased 

Table 8 Emission factors for trucks from TREMOVE v2.7 

Vehicle type CO2 [kg/t-km] NOx [kg/t-km] SO2 [kg/t-km]

Fuel 

consumption 

[kg/t-km]

* [MJ/t-km]
HDT4, >32 t, long-distance, custom load 0.0782 8.07E-04 1.99E-06 0.0249

HDT4, >32 t, long-distance, average load 0.1308 1.35E-03 3.34E-06 0.0417

HDT1, 3,5-7,5 t, short-distance, average load 0.5263 5.46E-03 1.34E-05 0.1677

Electric train, Germany, life cycle emissions 0.0250 2.31E-05 2.04E-05 0.48632 *

NOTE: All trucks are direct emissions only. Life cycle emissions were added through the consumed amount of fuel.
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¶ Allocation by weight. 

Shopping tour emissions are difficult to estimate because of the many variables in the equation. 

Furthermore, it may be taken into account what purchase induced the transport needs. The 

consumer transport is in the cross section of responsibility between the manufacturer / trader 

and the customer. On one hand it is in the customerôs hands where to shop, when to shop and 

which vehicle to use. On the other hand it might be a corporate strategy to locate stores so that 

customer transport needs are reduced, for example close to public transit options. Furthermore, 

the Tchibo concept is that of ósideô purchases. It is anticipated that customers happen to pass 

by Tchibo stores and depots and then make their purchase decision.  

While it is difficult to take all variables into account, it is likely that the overall effects are rather 

small. 

 

6.5 Product Use  

The product use was not considered because it was deemed that the sports bag itself does not 

create any in-use emissions. 

6.6 Recycling/Disposal  

The recycling and disposal phase includes the two relevant waste streams 

 

¶ Quantity of industrial waste, occurring at the make-up plant during the production 

process 

¶ Quantity of domestic waste, composed from the packaging material occurring right after 

the purchase of the Tchibo sports bag and the bag itself at the end of its lifetime 

 

Regarding the first waste stream (production waste), two different types of waste during the 

production process were identified. First, during the pre-treatment steps solid plastic waste 

occurs during fibre preparation, spinning, weaving, dying and finishing/coating. Second, in the 

make-up plant plastic waste is being generated. This type of waste is divided into recyclable 

and disposable waste. Waste generated during the production of raw materials has been 

imported with the Ecoinvent data sets.  

In the case of the domestic waste, the calculation identifies two sources for waste. As 

mentioned above, a certain amount of plastic and paper waste is being generated through the 

consumer by unpacking the bag. During the life span and use of the bag, no further waste 

generation is being assumed. Finally, at the end of its life-time, the Tchibo sports bag itself has 

to be regarded as waste and therefore be disposed. 

For the amount of generated waste during the production process, the following amounts of 

waste can be assumed to the displayed production steps. All specified amounts of waste refer 

to the functional unit of a single sports bag in all defined case scenarios. 
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Production step  Amount of generated 

waste (in kg)  / bag 

(preferred -high scenario)  

Type of waste  

 

Fibre preparation 0.018-0.042 Plastic waste (Recycling) 

Spinning 0.009-0.018 Plastic waste (Recycling) 

Weaving 0.027-0.008 Plastic waste (Recycling) 

Dyeing 0.029-0.114 Plastic waste (Recycling) 

Finishing/coating 0.029-0.112 Plastic waste (Recycling) 

Make-up 0.056-0.203 Plastic waste (Recycling) 

Make-up 0.027-0.099 Plastic waste (Disposal) 

Table 9.1:  Waste amounts during production steps 

 

Table 9.2. displays the domestic waste after unpacking a single sport bag as well as the sports 

bag itself as waste at the end of life-time 

 

Waste composite  Amount of  

generated waste (in kg)  

Type of waste  

 

PE packaging 0,011 Plastic waste (Recycling) 

Paper packaging 0,077 Paper waste (Recycling) 

Cardboard packaging 0,0001348 Paper waste (Recycling) 

Sports bag 1,436 Plastic waste (Disosal) 

Table 9.2: Waste amount after purchase and use  

Process waste  

In order to display realistic recycling and disposal routes, Öko-Institute assumed that the 

majority of all plastic waste generated during the production phase in China is being recycled. 

The plastic waste is collected and sorted by using 0.5 kWh of Chinese electrical energy (per 

kilogram sorted waste). No transport efforts for collecting and sorting are being regarded. It is 

assumed, that during the sorting process 10% of the input waste canôt be reused for recycling 

and has to be disposed. Because of downgrade effects, it is further assumed that only 50% of 

the sorted plastic waste is able to replace virgin polymer granulate. The remaining 50% were 

ignored, i.e. no credits were generated. The credits for plastics recycling are equal to the 

avoided emissions of producing equivalent amounts of raw plastics. These credits occur in the 

ecological balance sheets in form of negative emission values.  
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It is further assumed that all rejected plastic waste components (from sorting and direct 

disposal in make-up plant) are being disposed in a Chinese landfill with a partially gas 

collection system of 50% (Albus / Burmeister 2004). 

 

Domestic waste  

Relating to the domestic waste, feedstock recycling as well as energy recovery is being used in 

order to display the treatment of the generated waste.  

It is assumed that the whole treatment of domestic waste is being made in Germany where the 

sports bag is sold. PE bag, paper and cardboard of the bags packaging material are assumed 

to be recycled. After a sorting step, a certain percentage of input paper material can be reused 

as corrugated board made out of recycling fibre. The whole recycling stream of the paper 

fraction has been displayed by using Ecoinvent secondary datasets.  

Regarding the finally generated waste, the sports bag itself, it is assumed that the whole bag is 

incinerated together with household waste in a household waste incineration with energy 

recovery. The Gemis dataset was used, which describes a average German garbage 

incineration plant operated with plastic waste as input. 

 

 

7 Presentation of Results (best guess)  

7.1 Overview  

The calculation of the carbon footprint results in 35.3 kg CO2e emissions and 2.4 kg CO2e credit 

through waste recycling for the preferred scenario. The lower and upper values are 26.6 kg and 

71.8 kg respectively. An additional scenario that assumed high material losses during the 

manufacturing process results in 37.9 kg CO2e.  
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Figure 5 Carbon footprint emissions for a Tchibo sports bag under different scenarios 

 

The life cycle stages feedstock materials (21%), preparation and finishing (22%), dyeing and 

coating (16%), finishing (12%) and make-up (15%) relatively evenly contribute to the carbon 

footprint in the preferred scenario. Waste disposal contributes with 10% to the overall footprint, 

but receives a 6.7% credit, assuming recycling as described. 

Figure 5 shows that the processes preparation and spinning as well as weaving may differ 

widely, depending on the applied energy consumption and emission factors. The carbon 

footprint maybe more than twice or about 75% of the preferred scenario. However, the 

preferred scenario is considered fairly realistic, albeit carrying significant uncertainties. 

Furthermore, in particular for the life cycle stages preparation and finishing and feedstock 

materials the material loss rates matter.  

 

7.2 Extraction of Raw Material s 

Not applicable. 
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7.3 Production  

The production process, in particular the processes from fibre to fabric and make-up are clearly 

the driver for the carbon footprint. Those processes represent more than 70% of the carbon 

footprint in the preferred scenario (60% in the low emission and 86% in the high emission 

scenario). While the uncertainties are high, the significance of this process step remains 

through all scenarios.  

¶ Hot spots in those life cycle stages are all mechanical processes, technology standards 

and the type of electricity generation. Best practices for reducing emissions and 

increasing energy efficiency have been described in the European context. (EC IPPC 

2003, Schönberger 2000, BLU 2000)  

7.4 Distribution  

The overall transport emissions contribute with 1.41 kg or 4.3% to the carbon footprint of the 

bag in the preferred scenario (2.0 ï 5.8% in the low and high scenario respectively). Thus 

transport is a small but not to underestimate fraction of the carbon footprint. The main driver for 

the transport emissions is with 56% the ocean transport due to its overall distance despite its 

relative performance in a modal comparison (see Table  and Table ). This result includes the 

slightly slower shipping speed that was observed for the specific voyages. A per bag difference 

could further be observed based on different loads in containers and different routes taken.  

Other significant transport emissions stem from the transport of feedstock materials and land 

transport to the harbour in China (17%). This is due to assumed higher emissions of older truck 

models. However, in this category the largest uncertainties exist because detailed distances 

travelled were not known. Average distances between manufactures were assumed, which 

poses a conservative assumption. 

The uncertainties with those assessments are very small, although no direct emissions data 

was available. The accuracy of the activity data was very high and methods for calculating 

emissions bottom up are proven. 
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Figure 6 Share of different transport legs on the overall transport emissions 

 

 

7.5 Shopping Tour  

The shopping tour with 1.32 g CO2e (or 0.004%) is irrelevant to the overall carbon footprint. 

7.6 Product Use  

Not applicable. 
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7.7 Disposal/Recycling  
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Figure 7 Contribution of the different waste treatments to the carbon footprint 

Figure 7 shows the carbon footprint results for the different waste treatment in kg CO2e 
emissions per functional unit. In sum, the production and domestic waste accounts for a climate 
burden of 1.21 kg CO2e . Main driver hereby are the emissions caused by the incineration of the 
Tchibo sports bag at the end of its lifetime in a garbage incineration plant. 

 

The calculation of the waste treatment is entirely based on assumptions and thus contains 
potential errors. However, with a share of 0.3% on the overall carbon footprint, any error due to 
false assumptions should be considered minor. 

8 Assessment of the Results  

8.1 Sensitivity Analysis  

¶ Scenarios in each life -cycle stage  

A sensitivity analysis was conducted to test whether different assumptions in the material loss 

during the production process would alter the results. For this purpose the upper range of loss 

figures from literature was used. The result showed no change in the pattern of the carbon 

footprint, although upstream emissions were slightly higher.  
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Uncertainty  and Error Analysis  (optional)  

As mentioned earlier, the largest uncertainties were in the unknown details for the production 

processes from fibre to fabric. While some aspects could be identified based on the material 

specifications given by Tchibo (i.e. spinning and weaving), in other areas the uncertainties are 

high. In order to capture the uncertainties, a low emission and a high emission scenario were 

calculated, using low and high values from literature sources. 

The emissions of the low scenario represent 75% of the emissions in the preferred scenario, whereas the carbon 

footprint of the high scenario was more than 200% of the preferred scenario. In the high emission 

scenario, the dominance of individual processes also changed from spinning being the number 

one to weaving being the number one, and lead to a clear dominance of GHG emissions in the 

sequence preparation, spinning and weaving.  (

Engergy carrier

APERC for 

1995

APERC for 

2002 GEMIS for 2000 GEMIS agg

Nat Bureau of 

Statistics China 

2006

Nat Bureau of 

Statistics China 

2002

EcoInvent 2.0 

baseyear 2005

Coal DT CN 100 12,94%

Coal DT CN 200 11,80%

Coal DT CN 300 37,40%

Coal DT CN 600 12,85%

Oil-KW 17,70% 24,70% 11,90% 16,60% 2,87%

Gas-KW 2,10% 2,90% 3,50% 3,00% 0,32%

Biomass 0,10%

Hydro 25 MW 7,72%

Hydro 250 MW 4,12%

Hydro 500 MW 8,93%

Hydro 3300 MW 2,43%

U-KW 985 0,84%

U-KW 950 0,81%

U-KW 300 0,13%

Geothermal small 0,01% 0,01%

Wind 0,00% 0,00% 0,06%

APERC Asia Pacific Research Center 2004: Energy in China: Transportation, Electric Power and Fuel Markets.

78,65%

2,13%

15,89%

74,99%

23,21%

1,79%

78,70% 69,80%

1,50% 2,40%

0,00% 0,20%

72,30%

8,10%

76,70%

7,90%
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Figure 5) 

Table 3 Different data on the energy mix of China 

The largest jump in GHG emissions was due to high energy consumptions for the steps 

spinning and weaving. Preparation and spinning was 2.3 times higher in the high emission 

scenario and weaving even more than 14 times higher compared to the preferred scenario. 

However, review of literature concluded that those high energy demands for preparation, 

spinning and weaving are needed when processing fine textile fibres. Since the bag is 

manufactured out of 33 tex PES fibre, the applicability of those high energy demands is 

unlikely. 

We also discovered discrepancies and gaps in LCA databases, in particular Ecoinvent and 

Gemis, the two used ones. Discrepancies may result from different system boundaries or base 

time of data origin. For example, the energy mix for China has different base years and 

assumptions. In particular data for the share of hydro power and oil and gas differ from data 

provided by the state of China. (Table 3)  

For international ocean transport, the emission factors in databases are continuously 

underestimating the emissions (see discussion in 6.2 and 6.3). The emission factors for ocean 

shipping have been derived from bulk transport and no logistical specifications are usually 

taken into account. 

While it should be a goal to improve the database quality, to harmonize factors and 

assumptions and to increase the data sets that are publicly available, we also believe that 

discrepancies in dataset and outdated data will always exist. It remains thus necessary to verify 

and potentially modify life cycle data by using more recent references and additional scientific 

knowledge. 
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8.2 Handling of other Environmental Impact Categories  

Figure 8 Absolute values of emissions in other impact categories 

8.2.1 Analysis of other Environmental Impact Categories  

The environmental impact areas air pollution through fine particles, ozone forming potential, 

eutrophication and acidification were used for assessing other potential concerns. Results are 

shown in Figure 8. However, the results presented here may not provide a complete picture, 

because impacts in particular to aqueous environments due to process chemical could not be 

assessed.  

 

Nonetheless, when normalizing the results it becomes apparent that in particular the 

contribution to acidification is significant and clearly more pronounced than the contribution to 

the global warming effect. While the amount of CO2e  of one sports bag roughly represents the 

amount one German citizen emits during one day, the amount of acidification potential released 

through one sports bag equals nearly 10x the amount one German citizen contributes on 

average to the acidification potential. (Fehler! Verweisquelle konnte nicht gefunden 

werden. )  

Figure 9 Normalization of CO2e and acidification potential 
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Furthermore, it is interesting to see shifting weights of the individual process steps when 

assessing other environmental impact areas. In particular the transport of the sports bag is 

more pronounced in all other impact categories. Regarding the eutrophication potential, 

transport and packaging are responsible for more than 20% of the impact. However, it is likely 

that the study has missed additional contributions to the eutrophication potential in the process 

steps dyeing, coating and finishing.  

The manufacturing of the raw materials and semi finished products may be responsible for a 

significant ozone forming potential in the respective localities.  

Compared to the GHG potential, the acidification potential of the raw and semi finished goods 

manufacturing is lower. This might however be due to the fact that European data sets were 

used. Since the manufacturing process is likely located in China and Chinese fuels are higher 

in sulphur content those values must be expected to be higher.  

 

 

Figure 10 Relative contribution of process steps to other environmental impact areas 

 

8.2.2 Multicriterial Assessment (if relevant)  
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9 Interpretation and Perspectives  

 

9.1 Challenges of the Case Study  

The biggest challenge was the generation of data from 2ndtier and 3rdtier suppliers, who had 

concerns about a possible misuse of their data for competitive purposes. A further reason could 

be the lack of knowledge regarding environmental management systems in emerging markets. 

9.2 Identification and Assessment for  Further Reduction  Options  of the PCF  

The following measures could reduce the PCF: 

Å Optimization of energy efficiency in relevant production stages  

Å Foster óGreen Designô in the Design Phase, e.g. by: 

Å Choice of types of materials used 

Å Amount of accessories and applications as well as choice of respective material  

Å Characteristics of materials (i.e. colour) 

Å Consider PCF recommendations for selected óNominated Sub-Suppliersô 

 

9.3 Measures  under Consideration  to Further R educe the PCF  

Following measures are currently under consideration:  

Å Analyse product portfolio regarding most relevant articles for PCF 

Å Create PCFs for selected products 

Å Foster óGreen Designô in the Design Phase: 

Å Choice of types of materials used 

Å Amount of accessories and applications as well as choice of respective material  

Å Characteristics of materials (i.e. colour) 

Å Consider recommendations for PCF for selected óNominated Sub-Supplierô 

Å Build-up internal know-how (focus on óGreen Designô) 

 

 

9.4 Product Carbon Footprinting at Tchibo in the Future   

Actually we are still analysing the results. Possible next steps based on our first conclusions 

could be:  

¶ Include PCF in the companyôs sustainability strategy (with a special focus on climate 

change) 
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¶ Analyse product portfolio regarding most relevant articles for PCF 

¶ Create PCFs for selected products 

¶ Foster óGreen Designô in the Design Phase: 

o Choice of types of materials used 

o Amount of accessories and applications as well as choice of respective material 

¶ Consider PCF recommendations for selected óNominated Sub-Suppliersô 

¶ Joint determination of areas where suppliers can possibly reduce the PCF (win-win-

solutions) 

o General on PCF 

o Increasing energy and resource efficiency (energy security) 

 

 

10 Recommendations  

 

10.1 International Methods for Calculation and Assessment of  Product Carbon 

Footprint s 

 

10.2 Proposals for Product Specific Definitions and Rules (EPD, PCR)  

Detailed analysis of all pre-processes is necessary in order to reduce uncertainties in 

calculating the PCF. Due to the above-mentioned complexity of generating primary data, a 

harmonization of secondary data would be useful.  

10.3 Reporting, Communication and Claims of Reductions to  Customers and 

Consumers  

As the supply chain processes in this product category are very complex, the communication of 

emission reductions is a great challenge and has to be done very thoroughly.  

The consumerôs action in the use phase does not influence the PCF according to the used 

methodology. Nonetheless, choosing public transport, riding the bicycle etc. instead of driving 

the car bears reduction potential.  
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Annex  

 

 

 

 

 



Documentation of the Case Study 

within the PCF Pilot Project Germany 

 

1 

11.1 Documentation of the Data  

11.1.1 Raw and Feedstock Materials  

     Data index   

Data Module 

(Output)  

Processes 

covered  

Time related 

coverage  

Geographical 

specificity  

Technological 

specificity  

Place of 

reference:  

in-house (I), 

literature (L), 

other (O and 

specify)  

Single value 

(S); 

aggregated 

value (A) and 

specify the 

percentage or 

absolute 

amount of 

each part  

Measured 

(M); 

calculated 

(C); 

esti mated (E)  

Data source  

Examples  

PET 

amorph  

Extraction of 

raw 

materials, 

production  

1999/2000 Western 

Europe  

Polyethylene 

Terephthalate 

out of glycol 

and PTA  

O 

Ecoinvent 

v2.0 

A E Plastics 

Europe  

PVC 

emulsion  

Extraction of 

raw 

materials, 

production  

1998/2001 Western 

Europe  

Polymerised 

emulsion  

O 

Ecoinvent 

v2.0 

A E Plastics 

Europe  

HDPE Extraction of 

raw 

1999/2000 Western 

Europe  

High density 

polyethylene 

O 

Ecoinvent 

A E Plastics 

Europe  
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materials, 

production  

granulate  v2.0 

         

PP Extraction of 

raw 

materials, 

production  

1999/2000 Western 

Europe  

Polypropylene 

granulate  

O 

Ecoinvent 

v2.0 

A E Plastics 

Europe  

Nylon 66  Extraction of 

raw 

materials, 

production  

1996/2001 Western 

Europe  

Polyamide 

fibres derived 

from aliphatic 

monomers  

O 

Ecoinvent 

v2.0 

A E Plastic s 

Europe  

PUR Extraction of 

raw 

materials, 

production  

1997 Western 

Europe  

Polyurethane 

flexible foam 

from TDI and 

polyol  

O 

Ecoinvent 

v2.0 

A E Plastics 

Europe  

Metals  Extraction of 

raw 

materials, 

production  

2001/2005 Western 

Europe  

Tin plated 

chromium 

steel  sheets  

O 

Ecoinvent 

v2.0 

A E Various  

Packaging 

Paper 

Extraction of 

raw 

materials, 

production  

1993 Data from 

Swiss 

producer, 

representative 

for Europe  

Kraft paper, 

bleached  

O 

Ecoinvent 

v2.0 

A E Various  
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Cardboard 

Paper 

Extraction of 

raw 

materials, 

producti on 

1995/2005 From 

European 

producers  

Corrugated 

board, 

recycling 

fibre, double 

wall  

O 

Ecoinvent 

v2.0 

A E Various  

         

11.1.2 Production  

     Data index   

Data Module 

(Output)  

Processes 

covered  

Time related 

coverage  

Geographical 

specificity  

Technological 

specificity  

Place of 

reference:  

in-house (I), 

literature (L), 

other (O and 

specify)  

Single value 

(S); 

aggregated 

value (A) and 

specify the 

percentage or 

absolute 

amount of 

each part  

Measured 

(M); 

calculated 

(C); estimated 

(E) 

Data source  

Examples  

Fibre 

preparation  

Opening, 

carding, 

drawing, 

rowing  

Not 

specified  

Based on 

European 

data 

Processes 

relevant for 

PES fibres  

L A E BTTG 1999d 

Spinning  Spinning, 2003 China  33 tex fibre  L A M Koc 2007  
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winding, 

warping  

Weaving  Weaving  2003 China  33 tex fibre  L A M Koc 2007 

Dyeing  Washing, 

thermofixing, 

bleaching, 

dyeing  

Not 

specified  

Based on 

European 

data 

 L A E BTTG 199d 

         

Finshing  Finishing, 

coating  

Not 

specified  

Based on 

European 

data 

 L A E BTTG 199d 

         

11.1.3 Distribution  

     Data index   

Data Module  

(Output)  

Processes 

covered  

Time related 

coverage  

Geographical 

specificity  

Technological 

specificity  

Place of 

reference:  

in-house (I), 

literature (L), 

other (O and 

specify)  

Single value 

(S); 

aggregated 

value (A) and 

specify the 

percentage or 

absolute 

amoun t of 

each part  

Measured 

(M); 

calculated 

(C); estimated 

(E) 

Data source  
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Examples  

Transport 

of 

feedstock 

materials  

Truck 

transport  

2007 China  China truck 

mix  

O A E TREMOD 

data; China 

Statistics for 

truck mix  

Inbound 

transport  

Container 

vessel 

transport, 

rail to 

warehouse  

2007 Asia ï 

Europe trade 

lane 

Vessel 

specific  

I S C Lloyds 

Register 

Fairplay, 

ENTEC 2002 

Distribution  Truck and 

rail transport 

warehouse 

to 

distribution 

centers to 

stores  

2007 Germany  Truck 3,5 ï 

7,5 t and >32 

t; electrified 

rail  

I, O A C TREMOVE, 

GEMIS 

(electricity)  

Internet 

sales  

Package 

transport  

2007 Germany  Not specified  I, O A C TREMOVE 

11.1.4 Product Use  

     Data index   

Data Module 

(Output)  

Processes 

covered  

Time related 

coverage  

Geographical 

specificity  

Technological 

specificity  

Place of 

reference:  

Single value 

(S); 

Measured 

(M); 

Data source  
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in-house (I), 

literature (L), 

other (O and 

specify)  

aggregated 

value (A) and 

specify the 

percentage or 

absolute 

amount of 

each part  

calculated 

(C); estimated 

(E) 

Examples  

N/A         

         

11.1.5 Disposal/Recycling  

     Data index   

Data Module 

(Output)  

Processes 

covered  

Time related 

coverage  

Geographical 

specificity  

Technological 

specificity  

Place of 

reference:  

in-house (I), 

literature (L), 

other (O and 

specify)  

Single value 

(S); 

aggregated 

value  (A) and 

specify the 

percentage or 

absolute 

amount of 

each part  

Measured 

(M); 

calculated 

(C); estimated 

(E) 

Data source  

Examples  

Plastic Recycling of Not Based on 50% O A E Ecoinvent  
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waste  industrial 

plastic 

waste  

specified  European 

data 

replacement 

of virgin 

processes  

Domestic 

waste  

PE foil, 

paper and 

cardboard 

disposal  

Not 

specified  

Based on 

European 

data 

Incineration 

in household 

waste 

incinerator  

O A E Ecoinvent  

Domestic 

waste  

Sports bag 

disposal  

Not 

specified  

Based on 

European 

data 

Incineration 

in  household 

waste 

incinerator  

O A E Ecoinvent  

         

 


