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study based on multiple cases

Jialun Hua, Yongjiang Shib, Yang Chengc and Zheng Liud 

aSchool of Business and Management, Royal Holloway University of London, London, UK; bDepartment of Engineering, University of 
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ABSTRACT 
Climate change is global challenge and decarbonisation becomes top agenda for manufacturing firms. 
As it is generally recognized that only the measured get managed, an understanding and measuring 
of the Product Carbon Footprint (PCF) is now needed. International standards have provided the basic 
steps for carbon footprint measurement, yet, in practice, there is knowledge insufficiency and high 
cost. This paper aims to answer the research question: ‘How can companies conduct PCF measurement 
projects effectively?’. This research adopts the qualitative method with multiple case studies. Data is 
collected through interviews with operation managers and the sustainability specialists of nine manu
facturing companies, with a focus on the motivation and details of activities relating to their PCF 
measurement projects. Through within-case and cross-case analysis, a process model is proposed 
alongside the identification of three types of PCF, trial-oriented, process-oriented, and market-oriented 
PCF. A series of tailored measurement process models are further developed according to the PCF 
scenarios. The holistic process model contributes to the understanding of a PCF measurement that is 
based on empirical evidence. Practically, the process model can serve as a ‘cookbook’ to implement 
PCF measurement projects.
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1. Introduction

Climate change is recognized as one of the most severe chal
lenges globally due to the large amount of CO2 emission 
from production, transportation and consumption. While 
traditionally companies compete in terms of cost, quality 
and agility, the requirement for decarbonisation and sustain
ability has become increasingly more important (Nuber, 
Velte, and H€orisch 2020). As it is generally recognized that 
only the measured get managed, a method to measure and 
report the carbon emission profile has become a priority 
(Rebitzer et al. 2004; Pandey, Agrawal, and Shanker 2011; 
Xiao et al. 2021; Velte 2021).

The measurement of carbon footprint has so far covered 
various levels. At an enterprise level, carbon emission is cate
gorized into Scope 1 (direct emissions from owned or con
trolled sources), Scope 2 (indirect emissions from the 
generation of purchased energy), and Scope 3 (all indirect 
emissions not included in scope 2 that occur in the value 
chain of the reporting company, including both upstream 
and downstream emissions) (WRI 2013, 2015), according to 
the Greenhouse Gas Protocol (GHG) convened in 1998 by 
the World Business Council for Sustainable Development 
(WBCSD) and the World Resources Institute (WRI) (WBCSD 
and WRI 2004). Measurement can also focus on a product 

level, regarded as a product carbon footprint (PCF), (Gao, Liu, 
and Wang 2014; Montoya-Torresa, Gutierrez-Franco, and 
Blanco 2015; He et al. 2019; Velte 2021; Wong et al. 2022), 
which examines the emission from the upstream raw mater
ial to the end of use phase, linking different enterprises 
along the supply chain (Montoya-Torresa, Gutierrez-Franco, 
and Blanco 2015; Wong et al. 2022).

Current understanding of a PCF is seen in three main 
streams. The first steam utilizes modelling and simulation to 
analyze production and environmental factors (Plassmann 
et al. 2010; Montoya-Torresa, Gutierrez-Franco, and Blanco 
2015; Mahapatra, Schoenherr, and Jayaram 2021; Wong et al. 
2022). The second stream relies on empirical data to explore 
activities in a specific area of PCF (Matos and Hall 2007; 
Aikins and Ramanathan 2020; Lee 2011; Lee and Cheong 
2011), such as product design, logistics, recycling etc. The 
third stream concerns industry standards to guide practice 
(Hussain, Malik, and Taylor 2017; Liang et al. 2023). This fur
ther includes the general quantification process and commu
nication of carbon emission results such as GHG Protocol, 
International Standards Organization (ISO) 14067 (ISO 2018; 
Liu, Wang, and Su 2016; Hussain, Malik, and Taylor 2017), as 
well as specific PCF guidelines with an ad hoc indication on 
GHG calculation and monitoring, such as Publicly Available 
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Specification (PAS) 2050 issued by the British Standards 
Institute (BSI) (Sinden 2009; BSI 2011; Liu, Wang, and Su 
2016).

Whilst PCF measurement has received increasingly more 
attention in recent studies (Wong et al. 2022), the under
standing, in particular regarding its process and procedure, is 
still insufficient (Montoya-Torresa, Gutierrez-Franco, and 
Blanco 2015; Mahapatra, Schoenherr, and Jayaram 2021). 
Existing PCF methodologies face challenges of how they can 
be applied in different complex scenarios (Chau, Leung, and 
Ng 2015) or across various organizations in the whole supply 
chain (Sundarakani et al. 2010; Winter and Knemeyer 2013; 
Singh et al. 2015). In practice, there is lack of implementation 
details and consistent elements in industry guidelines such 
as GHG/ISO/PAS (Liang et al. 2023). Thus, a new systematic 
PCF measurement framework is required to advance the 
knowledge of PCF measurement process and support indus
try implementation effectively (Sundarakani et al. 2010; 
Jensen 2012; He et al. 2019; Velte 2021).

Based on the above-mentioned background, this study 
aims to identify details of activities during the PCF measure
ment, developing a new process-oriented model which con
siders factors in various industry scenarios and different 
areas of the supply chain. Thus, the research question is: 
How can companies conduct PCF measurement projects effect
ively? Through multiple case studies on companies who have 
practised the PCF measurement, the motivation, process, 
activities, and prioritized areas are explored. Findings contrib
ute to the limited understanding of the PCF measurement 
with empirical observations. In addition, a new holistic PCF 
measurement process model is provided for practitioners to 
apply according to various industry scenarios.

The remainder of the paper is structured as follows. After 
this section, Section 2 reviews the PCF measurement litera
ture. Section 3 explains the research method. Section 4 intro
duces the cases with a summary of the within-case analysis. 
Section 4 contains the cross-case analysis, which is followed 
by the discussion in Section 5 and the conclusion in 
Section 6.

2. Literature review

2.1. Product carbon footprint measurement

Recent studies have highlighted the need for a PCF measure
ment along with quantifying and analyzing the impact of 
carbon emission in global supply chains (Sundarakani et al. 
2010; He et al. 2019; Nuber, Velte, and H€orisch 2020; Velte 
2021; Wong et al. 2022). This can be complicated as multiple 
companies at multiple stages across the supply chain must 
be involved (Sundarakani et al. 2010; Winter and Knemeyer 
2013; Singh et al. 2015). Methods are different depending on 
the driver (product or supply chain) and focus (internal or 
external) (Montoya-Torresa, Gutierrez-Franco, and Blanco 
2015). Overall, there are three streams of PCF assessment in 
theory and practice: quantitative measurement based on 
modelling, empirical studies, and industry standards.

The first stream of PCF measurement uses quantitative 
data and metrics only, focusing on modelling, optimizing 

and simulation of supply chain level green issues (Montoya- 
Torresa, Gutierrez-Franco, and Blanco 2015; Wong et al. 
2022), which include design (Chaabane, Ramudhin, and 
Paquet 2012; He et al. 2019; Wang et al. 2021), manufactur
ing process (He, Qian, and Li 2023), logistics cost (Jaegler 
and Burlat 2012), warehousing activities (Cholette and 
Venkat 2009), facility location (Marti, Tancrez, and Seifert 
2015), consumption (Wong, Chan, and So 2020), and Tier-1 
supplier activities (Sundarakani et al. 2010). Depending on 
the characteristics of the product, namely functional product 
or innovative product, the carbon emission assessment prior
ities can be different (Marti, Tancrez, and Seifert 2015). 
Therefore, understanding the patterns of a carbon footprint 
and its linkage to product types needs further exploration in 
more complex settings (Marti, Tancrez, and Seifert 2015; 
Wong et al. 2022). However, these approaches have not yet 
fully considered a few of the most important parameters 
such as the societal elements (Jawahir et al. 2006; Montoya- 
Torresa, Gutierrez-Franco, and Blanco 2015). The measure
ment is not comprehensive or sufficient due to a lack of 
transparency and inaccuracy in the calculations (Gaussin 
et al. 2013). Other methods take the wider elements includ
ing the fuzzy qualitative parameters into consideration 
(Gaussin et al. 2013). Nevertheless, the product lifecycle 
assessment can be conceptual, focusing on a single lifecycle 
stage, such as the design or new product development 
stage, instead of the whole manufacturing process (Gaussin 
et al. 2013; He et al. 2019; He, Qian, and Li 2023). It is, there
fore, suggested that the assessment of a carbon footprint 
should be holistic, considering the entire supply chain, and 
should be applied for every manufacturing company and 
product (Gaussin et al. 2013; He et al. 2019; Wong et al. 
2022; He, Qian, and Li 2023).

The second stream is empirical studies. For instance, case 
studies of Hyundai identify three steps to address carbon 
footprint (Lee 2011; Lee and Cheong 2011): (1) setting up a 
guideline and measurement instruction to key suppliers for 
Scope 1 and 2, using direct measurement, (2) Hyundai and 
its suppliers developing the carbon process map of each 
component, meanwhile suppliers reporting their mapping 
results to Hyundai to help identify high carbon burdens, and 
(3) working with suppliers and calculating the product 
carbon footprint. The indicators include stack air emission 
on-site and off-site energy recovery, total energy use, total 
electricity use, total fuel use, source reduction activities, and 
raw materials modification. Empirical studies also identify 
that transportation and sales/distribution are the two key 
factors of carbon emission in the UK food supply chains, 
with the application of life-cycle assessment (LCA) and calcu
lating carbon related activities in: (1) growers’ field, (2) inland 
logistics outside the UK, (3) transportation, and (4) sales and 
distribution (Aikins and Ramanathan 2020). Case studies 
across the oil and gas and agricultural biotechnology indi
cate that current carbon footprint assessment techniques 
cannot cope with the increase in complex challenges relating 
to supply chain sustainability (Matos and Hall 2007). In the 
beef sector, it is proposed that Cloud Computing Technology 
during retailing stage can be used to measure carbon 
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emission (Singh et al. 2015). Recent studies also implement 
various measuring approaches to case companies. For 
instance, an LCA method is established to analyze oil prod
uct pipeline transportation systems, which concerns emis
sions produced at different stages by collecting real data 
from a case company (Huang et al. 2021). Another research 
combines a process analysis of Scope 1 and Scope 2 emis
sion with a multiregional input-output analysis for upstream 
Scope 3 emission to calculate PCF of a Spanish Timber com
pany (Alvarez, Tobarra, and Zafrilla 2019). Following the steps 
defined by the GHG Protocol steps, another study also calcu
lates PCF based on data from a wine making company 
(Karalis and Kanakoudis 2023).

The third stream concerns industry standard and policy 
for practice purpose. Accordingly, three popularly used inter
national standards are GHG, ISO 14067, and PAS 2050 
(Hussain, Malik, and Taylor 2017). Yet due to a lack of uni
formity in terminology, element, and criteria, there can be 
inconsistent results when companies use these standards 
(Wang, Wang, and Yang 2018; Scrucca et al. 2020; Liang 
et al. 2023). GHG Protocol provides accounting standards for 
companies to develop comprehensive and reliable invento
ries of their GHG emissions (WBCSD and WRI 2004). 
However, in the GHG Protocol, there are no specific product 
rules available (Garcia and Freire 2014). ISO 14067 concerns 
principles, requirements, and guidelines for the quantification 
and communication of the PCF, including goods and serv
ices, covering GHG emissions and removals over the life cycle 
of a product (ISO. 2018). Nevertheless, ISO 14067 is still a 
general standard, and its early version has limitations in 
terms of reporting the carbon storage of products (Wang, 
Wang, and Yang 2018). PAS 2050, known as a ‘Guide to the 
PAS 2050:2011’, represents the first attempt to offer a prac
tical and consistent method for accounting for the GHG bal
ance from products (Sinden 2009). It builds on the existing 
ISO 14040 (ISO 2006a) and 14044 (ISO 2006b) standards, and 
further specifies the life cycle GHG emission assessment at 
product level (BSI 2011). Compared to GHG Protocol and ISO 
14067, PAS 2050 sets directions on how to deal with com
mon methodological issues such as system boundary defin
ition and allocation, as well as more specific issues, such as 
carbon storage and delayed emissions (Garcia and Freire 
2014). Thus, PAS 2050 has been widely adopted as a specific 
PCF guidance, and PCF assessment stages are recommended 
as scoping, data collection, footprint calculations, and inter
preting footprint results and driving reductions (BSI 2011). 
PAS 2050 indicates that companies should consider the fol
lowing sequentially: business priorities; judicial selection of 
products; intended audience for the study, which will affect 
the degree of accuracy and resolution needed for PCF; pro
ject timescale; internal stakeholders, gaining aids from 
internal function departments; and supplier engagement (BSI 
2011). According to PAS 2050 (BSI 2011), for a typical foot
print data calculation, and for each unit of process, three 
types of items – material/resources input, energy, waste (if 
direct GHG emissions are included as waste) – are the cate
gories to calculate. After getting together the data of each 
unit of processes, the total PCF will be the summary of all 

these units. But alongside the summary, the following issues 
are all needed to be taken care of: co-product allocation; 
sub-process Energy, Resource Input, Waste (ERW) allocation; 
biogenic carbon accounting and carbon storage; energy and 
combined heat and power related (energy source, such as 
grid electricity, renewable energy, renewable electricity tar
iffs, on-site energy production, etc.); agriculture (mainly land 
use change which is complex); refrigeration; transport emis
sion; and recycling (landfill or incineration). After the foot
print result, a hotspots analysis of the carbon footprint and 
an uncertainty analysis should be applied, and a carbon foot
print reductions plan on self-own production, product 
design, upstream and downstream supply chain could fol
low it.

2.2. Identification of the research gaps

Extant literature has provided important theoretical founda
tions, in terms of the carbon emission assessment. However, 
research gaps still exist relating to the PCF measurement.

First, most of PCF measurement studies are analytical 
(Mahapatra, Schoenherr, and Jayaram 2021) and are using 
modelling, optimizing and simulation (Montoya-Torresa, 
Gutierrez-Franco, and Blanco 2015; Wong et al. 2022). 
However, a limitation can be highlighted, as the measure
ment methods depend on various conditions, which lead to 
different results in calculating products of similar types (Dias 
and Arroja 2012; Montoya-Torresa, Gutierrez-Franco, and 
Blanco 2015) due to a lack of standardization including 
defining system boundaries (Suh et al. 2004) and allocation 
methods (Ekvall and Weidema 2004).

Second, as for the limited number of empirical studies 
which highlight PCF measurements (Lee 2011; Lee and 
Cheong 2011; Matos and Hall 2007; Mahapatra, Schoenherr, 
and Jayaram 2021), they either cover a very specific stage or 
area, such as on-site production (Lee and Cheong 2011), 
upstream supplier (Lee and Cheong 2011) and transportation 
(Aikins and Ramanathan 2020), or apply an existing calcula
tion method to a case company (Alvarez, Tobarra, and 
Zafrilla 2019; Huang et al. 2021; Karalis and Kanakoudis 
2023). The whole process of PCF measurement across the life 
cycle is still not clear (Gaussin et al. 2013).

Third, though there is general guidance from a policy 
aspect, current standards of GHG/ISO/PAS focus on technical 
issues such as system boundary definition and allocation, car
bon storage, and delayed emissions, and there are different 
elements among the standards (Wang, Wang, and Yang 
2018; Scrucca et al. 2020; Liang et al. 2023). These can con
fuse organizations during the application. In addition, exist
ing standards are too broad and not sufficient to understand 
the details of activities and their connection with a specific 
industry context (Liu, Wang, and Su 2016), and hence diffi
cult to be applied. Thus, there is a need for a PCF measure
ment, which can address the complex patterns of the carbon 
footprint and its linkage to complex industry settings (Marti, 
Tancrez, and Seifert 2015). In other words, practical guidance 
and tailored approaches are required.
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Thus, in order to fill the research gaps, there is a need to 
explore the extensive process of conducting PCF with the 
details of activities, to understand the scenarios, and to pro
vide practical solutions to cope with different settings.

3. Methodology

To answer the ‘how’ question given in the introduction – 
How can companies conduct PCF measurement projects effect
ively?, a qualitative research approach was adopted which 
can explore a contemporary phenomenon in its real-life con
text which is under-explored (Eisenhardt 1989; Yin 1981, 
2018) or still unknown (Voss, Tsikriktsis, and Frohlich 2002), 
and can offer new theoretical insights (Siggelkow 2007). 
Specifically, multiple-case studies were used (Eisenhardt 
1989). Theoretical sampling was applied in selecting cases 
(Eisenhardt 1989; Denzin 2009) which can highlight theoret
ical issues (Matos and Hall 2007) relating to a product carbon 
emission assessment. The case selection criteria were the fol
lowing: (1) the case organization has developed PCF meas
urement projects; (2) the PCF process is conducted internally 
or externally through an engagement with the supply chain 
partners; (3) there is abundant qualitative data to form the 
evidential chain e.g. good access to primary data and the 
company’s archive; and (4) cases concern the different types 
of manufacturing. For example, the case company can mainly 
perform the final assembly of the product, e.g. Information, 
Communication & Technology (ICT) industry. Alternatively, 
the company can mainly conduct the production of compo
nent, sub-systems or products e.g. steel manufacturing. This 
resulted in the engagement with four companies from the 
ICT sector and five from beverage, electronic, food and steel 
sectors. Specifically, it was noted that ICT companies are 
among the earliest to practise PCF measurement and have 
more matured experience. In addition, the ICT industry 

shows multi-tiers of suppliers. To measure PCF, companies 
need to collaboratively work with various supply chain part
ners, across many stages of manufacturing. Thus, the selec
tion of cases provides an industry setting that can generalize 
the findings.

Semi-structured interviews were conducted from 2020 to 
2022 (Eisenhardt 1989; Yin 2018) with the case companies. 
The interviewees were individuals who are in the position of 
operation managers, supply chain managers and sustainabil
ity specialists, and those that have a full understanding of 
the carbon footprint assessment process in the case com
pany. An overview of the case companies and the interview 
information is shown in Table 1.

The data collection followed the research framework indi
cated in the four stages of PAS 2050 since: (1) PAS is the first 
PCF-specific guidance (Sinden 2009; BSI 2011); 2) It has clear 
product rules and process to follow (compared to GHG 
Protocol) (Garcia and Freire 2014); (3) PAS 2050 has been ref
erenced and integrated into the updated version of ISO 
14067 (ISO. 2018), which demonstrates its impact on PCF 
standards; and (4) It is a widely adopted PCF guidance in 
practice, considered by companies since 2008 (Liang et al. 
2023). Specifically, the four stages/aspects for our data collec
tion are: (1) scoping: describe the product to be assessed 
and the unit of analysis; draw a map of the product life 
cycle; agree the ’system boundary’ of the study, prioritize 
data collection activities; (2) data collection: draw up a data 
collection plan; engage with suppliers to collect primary 
activity data; collect secondary emission factors and other 
secondary data to fill gaps; check data and assess data qual
ity; (3) footprint calculations: compile activity data and bal
ance flows according to the functional unit; multiply activity 
data by emission factors to generate footprint; check calcula
tions and record all data sources and assumptions; and (4) 
interpreting footprint results and driving reductions: identify 

Table 1. Overview of the analyzed case studies.

Case company Industry sector
Number  

of employees (2022)
Turnover  

(Billion USD) Interviewee position
Number of  

the interview

Lenovo (Case 1) ICT 75,000 $71.62 Executive Director of Manufacturing 2
Chief Standard Expert 2
Global Low Carbon Tech & Product Carbon 

Footprint Leader
2

Public Relationship Manager 1
Tsingtao Brewery (Case 2) Beverage 31,700 $4.47 Executive Director of Manufacturing 2

Carbon Specialist 1 2
Carbon Specialist 2 2

ZTE (Case 3) ICT 75,000 $17.68 Product Quality Manager 4
Corporate Environmental Specialist 2

Acer (Case 4) ICT 7,713 $8.68 Director of Corporate Sustainability Office 3
Vice Director of Environmental Affairs 3

AUO (Case 5) Electronic 38,000 $7.77 Head of Risk, Environment, Safety Management 3
Product Quality Manager 2

Tungho Steel (Case 6) Steel 2,946 $1.89 Director of Production 2
Senior Manager of Environmental Affairs 2
Project External Consultant 2

BenQ (Case 7) Electronic 1,300 $0.5 Vice Director of Strategic Procurement 2
Senior Manager in Product Quality 2
Product Environmental Specialist 2

Dell (Case 8) ICT 133,000 $101.2 Supply Chain Sustainability Manager 1 (China) 2
Supply Chain Sustainability Manager 2 (China) 2
Sustainability Manager (UK) 4

British Sugar (Case 9) Food 132,000 $21.67 Carbon Manager 4
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hotspots; test sensitivity; identify reduction opportunities; 
ensure transparency where communicating (BSI 2011). 
Accordingly, interview questions were designed to capture 
the PCF process and stages, alongside open questions tail
ored to each case company (Appendix 1). In addition, sec
ondary data were collected including the case companies’ 
website and news releases, for the purpose of data triangula
tion and external validity (Eisenhardt 1989; Miles and 
Huberman 1994; Voss, Tsikriktsis, and Frohlich 2002; Yin 
2018).

The unit of analysis was the PCF measurement project. 
Data analysis followed a within-case analysis and a cross-case 
analysis (Voss, Tsikriktsis, and Frohlich 2002). For the within- 
case analysis, transcripts were first developed from the inter
view recordings. Second, the transcripts were read by each 
author independently and developed open coding for each 
case. Third, the initial codes were generated after the discus
sion and comparison. These codes resulted in generating the 
key steps of PCF for each case study, which were then com
pared to the dimensions/stages stated in the PAS 2050 guid
ance, namely scoping, data collection, footprint calculation, 
and interpreting footprint results and driving reductions (BSI 
2011). Across the cases, the new dimensions/stages were 
actively searched with the support of the codes/steps, and 
findings were integrated into a holistic process model. This 
iterative process was continually repeated until theoretical 
saturation (Eisenhardt 1989; Voss, Tsikriktsis, and Frohlich 
2002).

Moreover, findings were compared in relation to the 
motivation, goal, data requirement and industry settings of 
the PCF, with a focus on explanation and causality (Voss, 
Tsikriktsis, and Frohlich 2002), as well as patterns across the 
cases (Voss, Tsikriktsis, and Frohlich 2002). Case scenarios 
were then categorized according to their patterns, similarity 
and differences (Grodal, Anteby, and Holm 2021). This 
resulted in the further identification of three types of PCF, as 
shown in the discussion section.

4. Within-case analysis

4.1. Overview of the cases

4.1.1. Case 1: Lenovo
Lenovo started carbon footprint measurements internally 
from 2008. Later, the company moved on to getting third- 
party certificates. In 2022, it worked with TUV Rheinland 
(China) and was certified for its laptop carbon footprint cal
culation and carbon neutrality. For the measurement process, 
Lenovo applied a national database from the bureau of the 
ICT industry in China, and the footprint result contained 
phases from suppliers, production (ODM data), distributors, 
usage and recycle. It used primary data partially collected by 
its internal Product Certification Team. Material, production 
and distribution were the focused categories during Lenovo’s 
PCF measurement. Starting from material and raw compo
nents, Lenovo traced the parts’ carbon emissions from its 
first-tier suppliers. With the BOM (Bill of Materials), emissions 
were calculated with the data from the National Basic 
Component Database. The basic data collection process for 

raw components was implemented by its suppliers. For sup
pliers who were not certificated with ISO 14064 or did not 
have the data collection capability, Lenovo sent them infor
mation collection forms. To all the suppliers and OEMs, the 
Lenovo product certification team performed site-visits to 
check the data accuracy. Lenovo then conducted the calcula
tion. Distribution and logistics, user phase, and recycling sta
tistics were obtained from the internal logistics and product 
design departments of Lenovo.

4.1.2. Case 2: Tsingtao Brewery
The carbon footprint measurement project of the Tsingtao 
Brewery began in 2010 from the plant, which produced beer 
for the UK market. From 2021, Tsingtao started to invite a 
third-party institute for measuring the GHG footprint in its 
plants. With its senior management support, policies were 
issued to ensure the higher priority of carbon management 
projects; for instance, priority in job orders and funding. The 
involved staff were promised a promotion to become a 
‘Carbon Specialist’. The measurement project focused on the 
supply of material, production, and distribution. The material 
emission data came from the suppliers, who received train
ing from Tsingtao. The data collection was an iterative pro
cess as the Tsingtao team strictly controlled the data quality 
from suppliers. The production part of data gathering was 
executed by Tsingtao’s internal team. A key task was the 
allocation of emissions, involving the yield, number of bot
tles, and the economic outcome. As for the distribution part, 
detailed data were gathered from the wheat suppliers and 
distributors in the UK. This included sales data for each sales 
point as much as the second-tier distributors. The final data 
of distribution was a weighted average result for all the bot
tles sold in the UK. The recycle of packaging, was not 
included in the calculation.

4.1.3. Case 3: ZTE
For ZTE, the carbon footprint measurement was triggered by 
a telecom carrier customer request from Europe in 2006 due 
to the concern of the EU’s recycle and hazardous material 
control. ZTE adopted the LCA software EIME to complete the 
carbon footprint measurement, relying more on the second
ary data. The measurement process was implemented by the 
product quality department. The best seller products and 
those with clear customer requirements were chosen for the 
measurement. The process map was embedded in the com
pany’s software, following the fundamental steps of manu
facturing (raw materials, design, procurement, and 
production), distribution, usage, and recycle. For most raw 
materials (referred to the semi-finished parts from suppliers), 
the ZTE’s special team decomposed the parts and analyzed 
the manufacturing process. Accordingly, the raw material, 
mainly metals, and the possible manufacturing processes 
were traced in the internal database of EIME. With regard to 
the provided product specifications, structures, product mar
kets, distribution methods, distribution journeys, and usage, 
the team imported the data to the software. ZTE’s product 
quality department also built up the common database such 
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as battery modules. The distribution part was a related fixed 
variable, and this variance usually came from the production 
phase and user phase. ZTE arbitrated the distance, transpor
tation methods and the vehicle of recycle transportation.

4.1.4. Case 4: Acer
Acer has formed a focus group called Acer Product GHG 
Working Group that is aligning with most of the first-tier 
suppliers. The company has implemented the Scope 3 
Accounting & Reporting and Product Carbon Footprinting & 
Reporting as in 2008. The PCF measurement started in 2009. 
From 2022, Acer has extended its footprint data collection to 
third-tier suppliers. Acer outsourced its manufacturing to 
OEMs, so the carbon footprint measurement was mainly con
ducted through collecting data from suppliers, OEMs and dis
tributors. It followed the PAS 2050 product life cycle: raw 
material acquisition, production, distribution & retail, use and 
end of life. Acer positioned the product in the supply chain 
and it determined the timetable and scale before the data 
collection. Data were recorded and processed through car
bon footprint accounting tools and forms, which was 
TEEMALCI001. The calculation included R&D/manufacturing, 
transportation, user phase, and disposal part, as well as the 
emission factor database. In fact, for Acer’s electronic prod
ucts, the usage phase and manufacturing contribute nearly 
80% of the carbon footprint. According to Acer, accreditation 
was strategically important, which can continuously motivate 
the company in its periodical and yearly carbon reduction 
action planning that is considering both internal practices 
and the external supply chain.

4.1.5. Case 5: AUO
AUO began auditing the GHG emissions of its global manu
facturing sites in the early 2000s, and the ISO 14064 standard 
was introduced to disclose emissions-related information 
through external verification. It was the first Taiwan company 
to attend the UK accreditation system and to get products 
labelled with a carbon footprint declaration. From then on, 
AUO also generated its own product carbon footprint calcu
lation e-system (PCF System), which could provide the longi
tudinal data of the same product and compare between 
products in different sizes. In 2020, AUO obtained the first 
ISO 14067:2018 Carbon Footprint certificate among the LCD 
panel manufacturers. For the PCF measurement, the LCD TV 
was a representative product, which had a significant num
ber of sub-parts and involved more than 500 suppliers. AUO 
organized the suppliers briefing and training meeting to 
gather data. The PCF started from the extracting of resources 
from suppliers, then the transportation stage towards the 
manufacturing site. The calculation considered emissions at 
the manufacturing, assembling, packaging, and transporta
tion of products to the next tier customers. From then, the 
PCF mapping further included the phases of usage, transpor
tation to the recycling site, and recycling, before the recycled 
materials go back to manufacturing. Emissions during trans
portation from customers to disposal were also calculated in 
AUO’s practice.

4.1.6. Case 6: Tungho Steel
Tungho Steel was the first steel manufacturer that partici
pated in the product carbon footprint measurement tutorial 
project from the Taiwan Industrial Development Bureau 
together with its suppliers since 2010. After 2019, Tungho 
focused more on the carbon emission reduction practices 
within its plants. Tungho Steel described its PCF measure
ment process in terms of plotting the processes map, deter
mining the boundaries and priorities, collecting data, 
allocating the emission according to the weight, and a calcu
lation and uncertainty analysis. It was noted that the PCF 
involved over 10 suppliers who were initially reluctant to 
reveal the data on electricity/gas usage linking to their oper
ating cost. Tungho gave two points to their suppliers to per
suade them. First, the verification of the PCF would be 
limited to Tungho, so the suppliers would only need to pro
vide the data without verification files. Second, suppliers 
could take advantage of the government support for a free 
tutorial and carbon reduction advice. The Tungho team con
ducted the site-visit to the supplier plants to coach the data 
collection procedure. The product carbon footprint accredit
ation enforces a strict verification requirement on the data 
sources, which are the paper sheets and tables, as the proof 
of data credibility.

4.1.7. Case 7: BenQ
BenQ started the journey of PCF measurement from 2009. In 
2010, it obtained the BSI PAS 2050 label for many of its LCD 
TVs and LCD Monitors products. BenQ was active in the car
bon emission reduction agenda. In 2022, the company 
announced its plan for Carbon Neutrality by 2050, for its col
laboration fleet vendor and 400 partner suppliers, in which 
the total market capitalization exceeds US$1 trillion, to put 
in efforts towards carbon emissions reduction goals. A repre
sentative project was BenQ’s LCD TV measurement. Multiple 
business functions were involved, including product certifica
tion, product R&D management, logistics and supplier man
agement departments. The process was supported by 7–8 
consultants from the Taiwan Industrial Development Bureau 
and the Institute of Industrial Research. BenQ organized a 
conference attended by selected suppliers to introduce the 
PCF measurement tools & process. Afterwards, suppliers col
lected data according to the forms designed by the consult
ant. A second conference was held to communicate the data 
collection progress. BenQ’s special team also visited key sup
pliers. Other issues such as the emission allocation criteria 
were also considered. Instead of focusing on product 
amounts, bulk and price, the emission was allocated accord
ing to length of working hours.

4.1.8. Case 8: Dell
Dell’s carbon footprint measurement was implemented at 
the headquarters in Texas, US from 2010. In the global 
scope, Dell took part in the CDP Supply Chain Project to 
help manage the carbon emission along its supply chain. 
Until 2022, Dell had published most of its mainstream prod
ucts’ carbon footprint in a whitepaper including desktops, 
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laptops, monitors, and servers. Dell calculated the carbon 
footprint of its laptops using PAIA (Product Attribute to 
Impact Algorithm), which was a stream-lined LCA method 
developed by MIT’s Materials System Laboratory. The foot
print measurement included raw material consumption, 
manufacturing, logistics, and product use and end-of-life 
management. The detail measurement process was con
ducted by the Dell Environmental Affairs Department. Dell 
chose one of its representative typical high-volume, main
stream business laptop E-series. The measurement boun
daries included the following: material (components, 
parts) and product manufacturing in Asia; transportation 
to final assembly; final assembly in Asia and Europe; trans
port to customers in the USA, Germany, and China 
respectively; use in the US, Europe, and China for four 
years; transport to recycling; and end of life disposal and 
recycling. Using secondary data, the results showed that 
the manufacturing and user phase took up the two largest 
portions of the total carbon footprint of Dell’s laptop.

4.1.9. Case 9: British Sugar
British Sugar with its branding arm Silver Spoon was the 
first sugar manufacturer to calculate, certify and publish 
the carbon footprint of its sugar, partnering with the 
Carbon Trust (Carbon Trust 2006) on the PAS 2050 
method from 2008. Recently, British Sugar focused on 
improving its carbon emission related activities, such as 
the CHP (Combined Heat and Power) plants, and pledged 
in 2018 to reduce their carbon footprint by 30% by 2030. 
It developed a detailed PCF assessment. Specifically, a 
working group was formed by the British Sugar internal 
energy expert and the UK consultancy firm, North Energy. 
It analyzed the process flow to establish the data require
ment and allocated the GHG Emission between products 
(granulated sugar, Topsoil and LimeX) based on the sepa
rated values. The full life cycle of the product was 
assessed including the following: cultivation and harvest
ing of pelletized seeds into the harvested sugar beet and 
sugar beet tops co-product; transportation of all inputs 
from field to plant; process stages including combined 
heat and power plant, washing, slicing and diffusion, puri
fication/filtration/crystallization, water treatment, and ani
mal feed processing. The measurement was conducted 
across all four British Sugar plants located in Wissington, 
Bury St Edmunds, Cantley, and Newark. The final GHG 
emission of products was calculated with the weighted 
average of all plants.

4.2. Summary of within-case analysis

From the case studies, the PCF steps of each company 
were analyzed and grouped according to the four dimen
sions/stages highlighted in the PAS 2050 guidelines, 
namely scoping, data collection, footprint calculation, and 
interpreting footprint results and driving reductions (BSI 
2011). A summary of the case findings is shown in 
Table 2. Ta
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5. Cross-case analysis and findings

5.1. A Similar process framework across cases

Through cross-case analysis, a process framework reflecting 
the basic stages of the PAS 2050 guidelines with the combin
ation of the new theme/stage identified through the case 
studies is proposed as Figure 1. Detailed steps for each stage 
mentioned in the PAS 2050, as well as new stages and steps 
beyond the PAS 2050 guidance e.g. preparation are identi
fied (Details will be elaborated in Section 6.1). Accordingly, 
this process framework consists of five main stages of PCF 
measurement: preparation, scoping, data collection, footprint 
calculation, and interpretation and accreditation. Detailed 
steps are also shown in Figure 1.

5.1.1. Stage one: Preparation
The preparation is the setting of the overall planning of the 
PCF measurement. This stage includes the identification of 
PCF goals and targets (Case 1, 2, 3, 5, 8), as well as the prior
ity (Case 2), prior to the measurement project. Also, the func
tion unit of footprint measurement, which is the targeted 
product or service, is determined at this stage. Details of the 
Preparation stage are shown in Appendix 2 and will be dis
cussed in Section 6.1.

5.1.2. Stage two: Scoping
Stage Two shows the engagement with relevant stakeholders 
to scope the measurement project. Synthesizing from the 
case studies, there are four steps of Scoping: (1) Step One: 
Describe the product to be assessed and the unit of analysis 
(Case 1, 2, 3, 4, 7, 8); (2) Step Two: Draw the map of the 
product life cycle (Case 2, 6, 9) – the process-mapping stage 
is an initial brainstorming exercise to map all of the ‘flows’ of 
materials and energy in and out of the product system as 
they are used to make and distribute the product, and, in 

this step, there are sub-steps to do as well to provide a 
description of the activity to aid with the data collection 
(Case 3, identify the geographic location of each distinct 
step where possible, and include all the transport and stor
age steps between stages); (3) Step Three: Determine the 
system boundary (Case 1, 3, 4, 5, 6, 7, 8) and the boundary is 
documented with a list of all the included activities and 
processes within each life cycle stage, and a list of all 
excluded activities and processes, and the steps taken to 
determine their exclusion - system boundary and BOM can 
help to generate the list, and, furthermore, the following ele
ments are considered: production materials, energy, produc
tion processes and service provision, operation of premises, 
transport, storage, use phase, end-of-life (Case 4); and (4) 
Step Four: prioritize data collection activities (Case 2, 3, 5, 7, 
8, 9) and this is to identify the hotspots of the emissions and 
skip collecting data with little impact.

It is noted that the Scoping stage includes a scoping task 
internally (all cases) and externally with supply chain partners 
(Case 1, 4, 5, 7). The same four steps are also observed in 
terms of external scoping, where the target is external part
ners and suppliers. Please refer to Appendices 3 and 4 for 
details of the Scoping.

5.1.3. Stage three: Data collection
Data collection is the next stage observed from all cases. 
Footprint measurement standards require that the company 
should collect primary activity data for its own operations 
and the operations under its control (for example product 
distribution). And there is a minimum percentage of the total 
cradle-to-gate emissions (10% in the PAS 2050) which must 
be calculated from primary data. Specifically, for manufactur
ing companies, this 10% threshold will probably be reached 
with the companies’ emission alone. Thus, the data collection 
is divided into two parallel stages: internal data collection 

Figure 1. Product carbon footprint measurement process framework.
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which focuses on the primary data collected within the focal 
firm’s own operation (all cases) and the external data collec
tion working with supply chain partners (Case 1, 2, 4, 5, 7). It 
is also noted the data collection is accompanied with valid
ation (all cases). Please refer to Appendices 5–7 for details of 
this stage.

5.1.4. Stage four: Footprint calculation
The footprint calculation stage is to integrate the emission 
data in different stages of a product’s life cycle (all cases). 
The emission result can be simplified as the equation accord
ing to PAS 2050 and is seen in the practice (all cases):

Emission ¼
Activity�Emission Factor

Allocation Factor 

In Case 2, taking the distribution of a bottle of Tsingtao 
beer from the plant to the Tsingtao Port as an example, the 
carbon emission of this single process is equal to: ‘100km’— 
the distance, times ‘0.03 kg/km’—the emission amount per 
kilometres of fuel usage that a truck consumes in transport
ing goods, and it is divided by ’5,000’—the number of bot
tles in each haul.

The general steps of calculation are summarized as the 
following: firstly, the emission is calculated according to the 
above-mentioned general equation, and balances the data 
into a product function unit (all cases); secondly, simplifying 
assumptions can be made (Case 4, 5, 6, 9); and thirdly, it is 
to make the allocation of the co-products which is produced 
together with the main product, such as the Topsoil when 
making sugar in the case of British Sugar (Case 9). Please see 
details of the Footprint Calculation in Appendix 8.

5.1.5. Stage five: Interpretation and accreditation
The interpretation stage represents the firm’s reflection on 
their product carbon profile. The result sets the baseline of 
the firm’s current carbon performance and, therefore, the tar
gets and action plan for improvement can be generated 
(Case 1, 4, 5, 8). Third-party accreditation can be obtained 
during this stage (Case 5, 7). Details of this stage are shown 
in Appendix 9.

Compared to existing industry standards especially PAS 
2050, this framework (Figure 1) adds two new stages, prepar
ation as the starting stage of PCF measurement and accredit
ation as the ending stage. The preparation stage which is 
not commonly discussed in existing PCF standards is particu
larly important for practical use. It can align the organiza
tions’ resources with their purpose for PCF. In addition, the 
steps and activities shown in Figure 1 have more detailed 
mini-steps than PAS 2050/ISO 14067/GHG protocol, which 
focus on the actual actions (to-do list) for companies, making 
them more operational and actionable. Details of the new 
stages will be elaborated in the discussion Section 6.1.

5.2. Process differences across cases

Apart from similarities observed across the cases, there are 
also differences among cases when they had various goals 

and targets for PCF. If firms newly start their PCF journeys 
and are aiming to conduct a simple PCF practice, as in Case 
3 and 8, the PCF processes usually require less support from 
senior management, and in general shorter as some stages 
(e.g. external scoping) are not needed, and more rely on cal
culation software.

While for the firms that target to conduct a thorough PCF 
to identify emission hot-spots in product life cycle, as in Case 
1 and 2, their PCFs will require significantly more effort. 
These efforts include more intense engagement from senior 
management, setting up a special team for the PCF task, 
extensive internal and external scoping, and most impor
tantly, the collection of primary data from the firms’ 
processes.

If the firms decide to gain external third-party recognition 
and accreditation to PCF result, as in Case 4, 5, 6, 7 and 9, 
they need to perform strict procedures of all PCF steps com
plying with the PCF guideline requirements. For example, in 
the preparation stage these firms will set up both PCF team 
and an internal validation team. During the scoping stage, 
firms should ensure the scoped activities include over 95% 
of product’s life cycle carbon emission. In terms of data col
lection, majority of firms’ suppliers (related to the selected 
product) need to be covered while in other cases only some 
supplier data are needed. When moving to footprint calcula
tion stage, firms are required to strictly follow the footprint
ing guidelines (e.g. ISO14067), while in other cases that it 
allows making assumptions on less-impactful emission activ
ities. The most important difference is that the PCF result 
should be verified by third-party PCF auditing organization 
and then the PCF result is certified and disclosed to the pub
lic. The action of disclosing to public is making a commit
ment to firms’ decarbonisation journey, which gives pressure 
to themselves for continuous improvement.

Details relating to these differences in PCF process across 
cases are also elaborated in the Appendices 2–9 in the right- 
hand three columns. These differences are further analyzed 
as three PCF scenarios in the discussion Section 6.2.

6. Discussion

6.1. New dimensions/stages to enrich PAS 2050 
framework

In comparison to PAS 2050, the findings reveal that prior to 
scoping, companies conduct activities in preparation for the 
PCF projects.

For example, in Case 1, the company set the goal of PCF, 
which was not to be disclosed to the public, but was to be 
used for internal information sharing and continuous 
improvement. This is also seen in Case 2, where, before the 
scoping, the company first determined the goal and priority 
of PCF. It integrated carbon issues into strategic decisions 
and for operations improvement, as stated by Case 2’s 
Executive Director of Manufacturing, ‘Carbon emission could 
be [the] asset or debt of [a] corporation, depending on how 
it is managed. The carbon emission management is part of 
our corporate strategy … The earlier to consider carbon 
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issues into [a] strategy and take action, the more benefits we 
can make’.

In Case 3, the goals of the PCF were set first focusing on 
the response to the customer’s requests. In fact, its PCF was 
triggered by a Europe-based telecom carrier customer that 
was asking the company, specifically, to consider the EU’s 
recycle regulations and hazardous material control. The 
Corporate Environmental Specialist in Case 3 mentioned ‘We 
invited our clients in Europe and US to join our carbon foot
printing training workshop … with 640 senior managers from 
422 suppliers … to demonstrate our commitment for product 
carbon footprinting … ’. Similarly, the goal of a carbon foot
print study was set by Case 8, as the company had customers 
inquiring about carbon information. A Sustainability Manager 
of Case 8 stated, ‘Dell customers are asking for PCF informa
tion and retailers such as Tesco in the UK, FNAC in France 
and Walmart in the US … are requiring PCF for products they 
are selling … ’, so the company had to make a pilot for it.

In Case 5, the goal determination, before the PCF project 
was defined, was to gain the first PCF certification of its kind 
for the purpose of having a competitive advantage. The 
Head of Risk, Environment, Safety Management of Case 5 
explained the reason of the company’s proactive PCF action: 
‘ … the EU environmental requirements for electronic prod
ucts are commonly regarded as industry trend … if we could 
prepare us for the frontiers of carbon footprinting standard, 
it benefits to our cost control … ’. In Case 6, the goal of the 
PCF was highlighted as the company would like to get 
involved in the Taiwan IDB programme and to be certified 
by the Taiwan standard. In Case 9, the company set the goal 
as wanting to assist in the PAS 2050 pilot in order to 
develop the methodology.

Preparation, as the starting point of PCF measurement 
projects, is sometimes neglected but in fact very important. 
The aims and objectives of PCF need to be made clear at 
the beginning as it determines the resources and effort 
devoted to the project. Also, the PCF special team needs to 
be set up to better coordinate the scoping and data collec
tion activities. Without the proper knowledge and skills from 
this PCF team, the efficiency and credibility of PCF process 
would be considerably impacted. Thus, Preparation is added 
as a separate stage, which refers to:

Preparation stage is the overall planning, setting up aims, targets 
and priorities which have significant impact on the company’s 
PCF before conducting the footprint measurement project.

In addition, in the final stage, Case 4, 5, 7 all highlighted 
getting a PCF certificate or accreditation, such as the Carbon 
Trust certification. This is not specified in the PAS 2050 guid
ance. In fact, in Case 4, accreditation was clearly emphasised 
at the end of its PCF project after the company issued a peri
odical target and yearly target-based Carbon Reduction 
Target Action Planning.

Some companies conduct the PCF and would like to use 
PCF result as a marketing tool demonstrating their commit
ment for low carbon transition. Accreditation from a third 
party shows the rigorousness of PCF process and strengthen 
the credibility of PCF result. Without the accreditation, compa
nies’ result can be easily challenged by external stakeholders, 

e.g. some active NGOs, which may bring serious issue to brand 
reputation. Another benefit sometime overlooked is the third- 
party verification can also tutor the firms’ PCF team of the cor
rect practice therefore the PCF process can be improved in the 
next round of measurement. Thus, the findings also expand 
the PAS 2050 interpreting the footprint results and driving 
reductions stage as Interpretation and accreditation.

Therefore, in the new proposed process (shown in 
Figure 1), companies can follow the eight steps (in num
bers) in sequence, namely preparation, internal scoping, 
external scoping, internal data collection, external data 
collection, validation, footprint calculation, and interpret
ation & accreditation. Within each step, there are multiple 
mini-steps to finish the task (top-down arrow in Figure 1). 
For example, in the second step ‘Internal Scoping’, compa
nies may start the 1st internal workshop to tutor the PCF 
knowledge and then move to the 2nd mini-step of draft
ing the simple process map. And once the mini-steps in 
‘Internal Scoping’ are finished, the tasks can move to the 
3rd step ‘External Scoping’.

6.2. Different types of PCF measurement process

As noticed in the cross-case analysis section (Section 5.2), 
also demonstrated in Appendices 2–9, three types of PCF 
processes emerged from the cases. The case firms explained 
their targets and purposes to conducted PCF during the 
interview. It was found that the firms’ PCF targets and objec
tives determined the types of PCF they should adopt. 
Accordingly, three purpose scenarios are identified, and the 
corresponding PCF types can be named as Trial-oriented, 
Process-oriented, and Market-oriented. The purpose of PCF is 
related to the levels of time and effort of those companies 
that are devoted to PCF, as well as the quality of activity 
data collected in the process. Hence, further discuss concerns 
the three PCF types, and compares major aspects that con
tribute to measurement process difference, which are system 
scope, data source and data quality.

6.2.1. Trial-oriented PCF
This type aims to make an attempt on carbon footprint 
measurement (Case 3, 8). This is a brief examination of the 
product carbon emission performance, and usually it is the 
firm’s first attempt to measure the carbon footprint. The 
main aim for firms is to initially understand the new carbon 
footprint requirement and prepare itself for a more detailed 
measurement in the future. The PCF can be conducted by 
software or even MS-Excel based models (Case 8). The pri
mary activity data is not required because secondary source 
data is sufficient for the task. It limits the project’s system 
scope to the main stages of the product, and only uses sec
ondary activity data. Also, external supply chain partners do 
not provide any data.

6.2.2. Process-oriented PCF
For this type, the company’s intention is to have a clear 
mapping of its product’s carbon footprint, which will trigger 
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the improvement of the firm’s supply chain carbon emission 
(Case 1, 2). Hot-spot analysis of the carbon footprint can be 
analysed so the improvement practices can be more focused. 
After the first PCF, a footprint can be set as a baseline to 
enable continuous improvements. To achieve this goal, pri
mary activity data from multi-tiers suppliers, OEMs (Case 1), 
internal production plants, logistics and product design (for 
user phase and end-of-life phase) should be collected as 
much as possible. The use of secondary source data under
mines the creditability and validity of the result. Because cer
tificates are not granted after the PCF, the collected data do 
not require verification.

6.2.3. Market-oriented PCF
For this type, the company aims to achieve carbon footprint 
labels which may benefit the firm’s brand (Case 4, 5, 6, 7, 9) 
with the purpose being not only for continuous improve
ment internally but also for external claims and communica
tions. The result of carbon footprint measurement needs to 
be verified by an independent third-party organization (Case 
5, 7). For this type of PCF, firms should ensure that the data 
collection and calculation procedures are solid, activity data 
are of the appropriate quality, the reported footprint claims 
have reflected what has been undertaken with sufficient 
document proof, and that they are delivered in the given 
reporting period. These need to be reviewed and tested by 
the third-party accreditation organizations. Hence, the PCF 
process should be conducted under a strict mode following 
standards and so it achieves primary activity data as much as 
possible. Certificates are granted afterwards.

Due to the different purposes, there are differences 
among three types of PCF in terms of system scopes, data 
source, and data quality. First, the system scope is referred 
to as the boundary of the measurement exercise, from cover
ing the main stages of production (Case 3, 8) to the full 
product lifecycle (Case 1, 2). The firm’s business border can 
be used to separate internal and external scoping. The 
internal scope refers to all stages within the firm. And the 
external scoping refers to the stages in the upstream and 
downstream suppliers/customers, or say, the full product life
cycle. The above-mentioned three PCFs all need to include 
internal scoping, while external scoping is mainly imple
mented in the Process-oriented and Market-oriented scen
arios. The data collection stage needs to be consistent with 
the scoping stage. Similarly, Process and Market-oriented 
ones conduct an external data collection, in addition to the 
internal data collection. Second, regarding the data source, 
the data used in the measurement includes activity data and 
emission factors (the emission per unit of energy, material, 
waste, etc.). The emission factors are basically all secondary 
data. The activity data can be collected primarily from the 
firm or substituted by secondary sources. Therefore, the qual
ity of these three types is gradually improved—the activity 
data used in a Trial-oriented PCF are mainly from a database 
embedded in the LCA software (Case 3, 8) such as Gabi, and 
SIMAPRO, and activity data in the Process-oriented PCF are 
collected in the actual business (Case 1, 2), while the data in 
the Market-oriented PCF are not only primarily collected but 

also verified by third-party accreditation organizations (Case 
4, 5, 6, 7, 9). Third, as for the data quality, the more the pri
mary data are collected from a firm’s actual operation, the 
more valid the footprint result is. Consequently, more time 
and effort are needed in order to gain the primary data, in 
contrast to using the secondary data. After the data collec
tion, it may not be a must for the Trial-oriented PCF to 
evaluate the data quality. But, for the other two types, the 
internal team needs to evaluate the data validity and 
adequacy of the PCF procedure (The PCF has been con
ducted in an adequate way), and, therefore, it will enhance 
the possibility to get third-party verification for the footprint 
result. Following the footprint calculation, the Process- 
oriented PCF may use the result to identify the emission- 
intensive activities in the product life cycle. But for the 
Market-oriented PCF, an accreditation of the footprint result 
is the aim; hence, the result must be verified by a third-party 
assurance organization.

Accordingly, a summary of the three PCF measurement 
process types/scenarios is illustrated in Table 3.

In comparison with the existing standards including PAS 
2050/ISO 14067/GHG protocol, the scenarios here differenti
ate organizations according to the PCF measurement motiv
ation. Thus, organizations can follow as pointed out in 
Appendices 2–9. For instance, a company aiming at improv
ing its internal process and performance can just follow the 
steps of ‘Process-Oriented’ without necessarily considering 
activities from other scenarios. These scenarios-based tailored 
approaches concerning different industry settings have not 
been provided by PAS 2050/ISO 14067/GHG protocol.

7. Conclusion

7.1. Theoretical contribution

Whilst traditionally companies focus on quality and agility to 
achieve commercial competitive advantages, there is a need 
to cope with the contradictive challenge to win in the new 
generation of sustainable development. Guidelines such as 
PAS 2050 and ISO 14067 have provided the basic steps for 
carbon footprint measurement, yet, in practice, the know
ledge insufficiency and high cost hinders companies to prac
tise the carbon footprint measurement. This paper aims to 
find out how PCF can be efficiently measured. Through nine 
cases studies across the ICT, beverage, electronic and steel 
industries, a holistic PCF measurement process model is pro
posed alongside three-scenarios with key stages and 
methods.

The paper makes the following theoretical contribution. 
First, existing studies are mainly analytical studies, whereas 
this paper contributes to the understanding of the PCF 
measurement with empirical observation and evidence. 
Second, a PCF process framework is proposed covering the 
whole life cycle (Figure 1), whereas current literature mostly 
focuses on a certain stage of production or supply chain. 
Third, the findings highlight five main stages and detailed 
activities of the PCF measurement. In particular, the prepar
ation and data gathering stages emphasize the decision on 
the use of primary/secondary data, the firm’s resources and 
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capability, the sector in which the firm is in, the firm’s pos
ition in the supply chain, and other factors. The framework 
enriches the existing industry standard and guidance with 
details. Fourth, based on companies’ purposes of conducting 
PCF, three scenarios of PCF measurement namely Trial-ori
ented, Process-oriented, and Market-oriented PCF are further 
identified and their differences are analysed in terms of the 
PCF target, system scope, data source and data quality.

The framework proposed in this paper is different from 
the existing standards PAS 2050/ISO 14067/GHG protocol in 
the following four aspects: (1) Existing standards focus on 
technical details, such as technical issues, system boundary 
definition and allocation, carbon storage and delayed emis
sion. The framework is process-oriented to provide guidelines 
for organizations to follow; (2) This framework further adds 
the preparation and interpretation & accreditation stages. 
They are crucial for organizations to kick-start the PCF jour
ney, to understand the scope of PCF, to incorporate the 
measurement in strategy and daily operations plan, to reflect 
and learn from the projects, and to benchmark with external 
performance. These two stages are not specified in PAS 
2050/ISO 14067/GHG protocol. (3) Existing industry guide
lines provide standard tools and ignore organizational differ
ences, whereas the framework here identifies three scenarios 
based on companies’ purpose and organizational settings. 
Accordingly, organizations can position themselves and fol
low more tailored process; (4) With the five stages and 
details of steps and activities, the framework here is more 
operational and easier to follow.

7.2. Practical implication

In terms of practice implication, the framework is practical 
and handy for managers to conduct PCF measurement 
projects from the following perspectives: (1) The frame
work addresses the engagement activities with internal 
corporate business units and external supply chain part
ners in detail, whereas in the PAS 2050 Guide these are 
mentioned in an aggregated way; (2) The tasks in the 
preparation and scoping stage are clarified, which can 
support firms without PCF measurement experience; (3) 
The data collection process can be divided into two parts: 

data from internal functions and data from upstream sup
pliers; and (4) Interpretation and accreditation is needed 
for improvement purpose. Thus, the framework is a good 
supplement to the PAS 2050 guideline, serving as a work
book for managers and the business owner who plan to 
implement PCF. In addition, the three scenario-based 
approaches illustrate the detailed steps in carbon emission 
measurement (Appendices 2–9), suggesting companies 
can use the framework in flexible tailored ways. The action 
suggested that each step is tailored according to the aims 
and carbon footprint measurement principles. These 
approaches cover the advice for the preparation of a pro
ject, coordination with suppliers and contractors, and pro
ject management during the whole life cycle. The effective 
implementation of the measurement gives a mapping of 
the hotspots of carbon emission in the operations, and 
also lays a foundation for an improvement focus and over
all management of the network. The successful implemen
tation of the measurement project can enhance the 
supplier management and transparency of the supply net
work as well.

To further illustrate the practice implication, the following 
shows a validation case. As the EU council has passed the 
new CBAM (Carbon Boarder Adjustment Mechanism) act, all 
the products imported to EU in the future will need a PCF 
measurement to get proper information, which determines 
the amount of carbon tax (European Commission 2023). 
Therefore, many companies could potentially utilize the pro
posed framework in this study to start their PCF measure
ment journey. Cement, steel, fertilizers, aluminium are in the 
1st phase of the CBAM pilot. For companies in these indus
tries, they could start using the framework under the Market- 
oriented scenario. And for those in the 2nd phase of the 
CBAM list, companies could use Process-oriented scenario to 
start preparing rigorous PCF measurement. For companies 
who do not export products to the EU, they could adopt 
Trial-oriented scenario for basic PCF mapping. For example, 
in the cement industry, a Germany company Heidelberg 
Materials, was thinking to measure carbon footprint of its 
three cement products (Reichelstein et al. 2023). According 
to the proposed framework (Figure 1), Heidelberg may 
choose the Market-oriented approach. In the preparation 

Table 3. Three scenarios of PCF process.

PCF scenario Target System scope Data source Data quality

Trial-oriented An attempt to measure carbon 
emission. To initially understand the 
new carbon footprint requirement, 
and prepare for a more detailed 
measurement in the future

Covers the main stages of the 
product

Secondary data from the 
database

The quality depends on the 
database applied.

Process-oriented To have a clear mapping of its 
product carbon profile for 
continuous improvement, but not 
aiming to publicly advertise the 
result

The system scope covers the full 
life cycle of the product. The 
firm can expand to a larger 
scope if the continuous 
improvement needs to cover 
more aspects of the product.

Secondary data from the 
database and primary 
activity data from the firm’s 
actual business

There is no strict requirement 
for primary data. 
Secondary data depends 
on the database applied

Market-oriented To certify the carbon footprint result 
as a part of a marketing tool

The scope has to cover over 95% 
of a product’s total carbon 
footprint

Secondary data from the 
database and over 30% of 
the data is primary activity 
data from a firm’s actual 
business

The primary activity data has 
to be internally and 
externally validated.
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stage, Heidelberg could organize the project team, which 
include external consultants for the purpose of validation, 
and determine the focus to be production stage as it is in 
the upstream supply chain. Then in the internal scoping 
stage, Heidelberg could clarify the process mapping and 
include over 95% of the total carbon emission in LCA. And in 
the external scoping stage, key material suppliers can be 
involved. For the cement industry, key raw materials are 
limestone and slag. As cement is a production-focused prod
uct, the external data collection is not necessary. Another 
focus in PCF is the footprint calculation. In this case the total 
emission can be balanced into four different product units, 
because there are four products as finished goods, namely 
Clinker, CEM I, CEM II, and CEM III. After the footprint calcula
tion, Heidelberg could continuously strengthen the cement 
footprint reduction targets: reduction of CO2 emissions to 
400 kg CO2/ton of cementitious material by 2030, a 30% 
reduction from the 2021 level. The above-mentioned process 
is documented in the Stanford Graduate School of Business 
teaching case Heidelberg Material (Reichelstein et al. 2023), 
which demonstrates the applicability of the proposed 
framework.

7.3. Limitations and future research

There are some limitations to the study, as it relies on 
large manufacturing companies who are aware of the 
existing industry standard and guidance. There are also 
local companies, especially from the developing countries, 
which may be affected by their local policy and technol
ogy to conduct PCF measurement. This provides future 
research direction and case studies covering a range of 
industry sectors, size of business, as well as geographic 
locations. Although this paper has provided an example to 
demonstrate the potential to implement the findings, still 
more research is needed to validate and improve the 
framework in various business contexts. Furthermore, with 
PCF scope expanding beyond company boundaries, more 
research can concern a broader scope of carbon emission 
measurement in the global supply network. Accordingly, 
one research area can be regional supply network emis
sion assessment, which is to measure the carbon emission 
in a local region of multiple firms especially with industrial 
symbiosis practices. Another area is the linked industry 
supply network emission assessment, which means to 
measure the total emission of upstream and downstream 
supply chain partners and the focal firm together.
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Appendix 1. Sample interview questions
� When did you start the PCF measurement project?
� What was the purpose?
� What did you do first for the PCF measurement project?
� What did you do next?
� Who were involved?
� What was the process inside your company?

� How did you work with your suppliers on the project?
� What were the focused areas?
� Where did you get the data?
� How did you calculate the footprint?
� What happened after the calculation?
� What has worked so far?
� What are the challenges?
� What is the next plan regarding your company’s PCF measurement?

16 J. HU ET AL.

https://doi.org/10.1016/j.ijpe.2021.108073
https://doi.org/10.1016/j.ijpe.2021.108073
https://doi.org/10.1016/j.ijpe.2015.04.016
https://doi.org/10.1016/j.ijpe.2015.04.016
https://doi.org/10.1016/j.jom.2007.01.013
https://doi.org/10.1080/09537287.2014.894215
https://doi.org/10.1080/09537287.2014.894215
https://doi.org/10.1002/csr.1795
https://doi.org/10.1007/s10661-010-1678-y
https://doi.org/10.1016/j.envsci.2010.03.013
https://doi.org/10.1016/j.envint.2003.11.005
https://www.gsb.stanford.edu/faculty-research/case-studies/heidelberg-materials-assessing-product-carbon-footprints
https://www.gsb.stanford.edu/faculty-research/case-studies/heidelberg-materials-assessing-product-carbon-footprints
https://doi.org/10.1016/j.jclepro.2020.122304
https://doi.org/10.5465/amj.2007.24160882
https://doi.org/10.1007/s11367-009-0079-3
https://doi.org/10.1016/j.ijpe.2014.09.019
https://doi.org/10.1021/es0263745
https://doi.org/10.1016/j.ijpe.2010.01.018
https://doi.org/10.1016/j.ijpe.2010.01.018
https://doi.org/10.1002/csr.2030
https://doi.org/10.1108/01443570210414329
https://doi.org/10.1007/s00170-021-07557-7
https://doi.org/10.3390/ijerph15102060
https://ghgprotocol.org/corporate-standard
https://doi.org/10.1108/09600031311293237
https://doi.org/10.1108/09600031311293237
https://doi.org/10.1016/j.jclepro.2019.118404
https://doi.org/10.1002/csr.2193
https://doi.org/10.1016/j.jclepro.2020.123765
https://doi.org/10.1016/j.jclepro.2020.123765
https://doi.org/10.2307/2392599


A
p

p
en

d
ix

 2
.

P
re

p
ar

at
io

n
 s

ta
g

e 
ac

ro
ss

 d
if

fe
re

n
t 

P
C

F 
ca

se
s

St
ep

s
Ex

pl
an

at
io

n
Ca

se
 3

,8
Ca

se
 1

,2
Ca

se
 4

,5
,6

,7
,9

Pr
ep

ar
at

io
n

Pr
oj

ec
t 

In
iti

at
io

n,
 

ai
m

s 
an

d 
ta

rg
et

s
O

rg
an

iz
e 

th
e 

Pr
oj

ec
t 

Te
am

To
 s

et
 t

he
 p

ro
je

ct
 t

ea
m

, 
al

lo
ca

te
 e

no
ug

h 
st

af
f 

an
d 

re
so

ur
ce

s 
in

to
 t

he
 t

ea
m

A 
sm

al
l t

ea
m

 o
f 

PC
F 

ex
pe

rt
s

PC
F 

te
am

 a
nd

 r
ep

re
se

nt
at

iv
es

 
fr

om
 o

th
er

 b
us

in
es

s 
fu

nc
tio

ns
PC

F 
te

am
, r

ep
re

se
nt

at
iv

es
 f

ro
m

 
ot

he
r 

bu
si

ne
ss

 f
un

ct
io

ns
, a

nd
 

a 
se

pa
ra

te
d 

in
te

rn
al

 v
al

id
at

io
n 

te
am

Pr
oj

ec
t 

Ki
ck

-o
ff,

 g
ai

ni
ng

 
su

pp
or

t 
fr

om
 S

en
io

r 
M

an
ag

em
en

t

Th
e 

st
ar

t 
of

 t
he

 p
ro

je
ct

. T
he

 
su

pp
or

t 
le

ve
l f

ro
m

 s
en

io
r 

m
an

ag
em

en
t 

ha
s 

a 
si

gn
ifi

ca
nt

 
im

pa
ct

 o
n 

th
e 

pr
oj

ec
t

Se
ni

or
 m

an
ag

em
en

t 
su

pp
or

t 
is

 
no

t 
ve

ry
 c

rit
ic

al
. T

he
 

op
er

at
io

n 
ca

n 
be

 c
on

du
ct

ed
 

by
 p

ur
e 

de
sk

 r
es

ea
rc

h

Se
ni

or
 m

an
ag

em
en

t 
su

pp
or

t 
is

 
cr

iti
ca

l b
ec

au
se

 t
he

 
co

op
er

at
io

n 
is

 n
ee

de
d 

be
tw

ee
n 

th
e 

PC
F 

te
am

 a
nd

 
ot

he
r 

bu
si

ne
ss

 f
un

ct
io

ns

Se
ni

or
 m

an
ag

em
en

t 
su

pp
or

t 
is

 
cr

iti
ca

l b
ec

au
se

 t
he

 
co

op
er

at
io

n 
is

 n
ee

de
d 

be
tw

ee
n 

th
e 

PC
F 

te
am

 a
nd

 
ot

he
r 

bu
si

ne
ss

 f
un

ct
io

ns
Po

si
tio

n 
th

e 
fo

ca
l f

irm
 

in
 t

he
 s

up
pl

y 
ch

ai
n

Th
e 

po
si

tio
n 

of
 t

he
 f

oc
al

 f
irm

 in
 

th
e 

su
pp

ly
 c

ha
in

 w
ill

 r
ef

le
ct

 
th

e 
pr

es
su

re
s 

th
ey

 r
ec

ei
ve

d.
 

Th
at

 w
ill

 b
e 

ta
ke

n 
in

to
 

co
ns

id
er

at
io

n 
w

he
n 

th
e 

fo
ca

l 
fir

m
 d

et
er

m
in

es
 t

he
ir 

PC
F 

st
ra

te
gy

Be
ca

us
e 

th
e 

pr
im

ar
y 

ac
tiv

ity
 d

at
a 

is
 n

ot
 c

ol
le

ct
ed

, s
o 

th
is

 is
su

e 
is

 n
ot

 c
rit

ic
al

Th
e 

fo
ca

l f
irm

 in
 t

he
 u

pp
er

 
po

si
tio

n 
of

 t
he

 s
up

pl
y 

ch
ai

n 
us

ua
lly

 c
ov

er
s 

fe
w

er
 s

up
pl

ie
rs

 
an

d 
fo

cu
se

s 
on

 t
he

 in
te

rn
al

 
pr

od
uc

tio
n:

 t
he

 o
ne

s 
in

 t
he

 
do

w
ns

tr
ea

m
 o

f 
th

e 
su

pp
ly

 
ch

ai
n 

us
ua

lly
 c

ov
er

 m
or

e 
su

pp
lie

rs
. B

ut
 it

 d
ep

en
ds

 o
n 

th
e 

in
du

st
ry

 c
at

eg
or

y 
as

 w
el

l

Th
e 

fo
ca

l f
irm

 in
 t

he
 u

pp
er

 
po

si
tio

n 
of

 t
he

 s
up

pl
y 

ch
ai

n 
us

ua
lly

 c
ov

er
s 

fe
w

er
 s

up
pl

ie
rs

 
an

d 
fo

cu
se

s 
on

 t
he

 in
te

rn
al

 
pr

od
uc

tio
n:

 t
he

 o
ne

s 
in

 t
he

 
do

w
ns

tr
ea

m
 o

f 
th

e 
su

pp
ly

 
ch

ai
n 

us
ua

lly
 c

ov
er

 m
or

e 
su

pp
lie

rs
. B

ut
 it

 d
ep

en
ds

 o
n 

th
e 

in
du

st
ry

 c
at

eg
or

y 
as

 w
el

l
D

et
er

m
in

e 
w

hi
ch

 
st

an
da

rd
s 

&
 

gu
id

el
in

es
 t

o 
us

e

PA
S2

05
0 

is
 o

nl
y 

on
e 

of
 t

he
 

st
an

da
rd

s 
fo

r 
pr

od
uc

t 
ca

rb
on

 
fo

ot
pr

in
tin

g.
 T

he
 o

th
er

 
op

tio
ns

 in
cl

ud
e 

IS
O

14
06

7.

It 
is

 u
su

al
ly

 e
m

be
dd

ed
 in

 t
he

 
so

ft
w

ar
e

Li
fe

 c
yc

le
 a

ss
es

sm
en

t
Li

fe
 c

yc
le

 a
ss

es
sm

en
t

Se
tt

in
g 

th
e 

ai
m

s,
 

ta
rg

et
s,

 g
oa

ls
 o

f 
PC

F
Th

e 
ai

m
s,

 t
ar

ge
ts

, a
nd

 g
oa

ls
 o

f 
th

e 
PC

F 
de

te
rm

in
e 

th
e 

pr
oc

ed
ur

e 
of

 t
he

 P
CF

 a
nd

 t
he

 
re

so
ur

ce
s 

w
hi

ch
 a

re
 a

llo
ca

te
d 

to
 t

he
 p

ro
je

ct

A 
qu

ic
k 

sc
an

 t
o 

th
e 

pr
od

uc
t 

ca
rb

on
 e

m
is

si
on

 p
ro

fil
e,

 
m

ai
nl

y 
fo

cu
se

s 
on

 t
he

 r
es

ul
t. 

So
 s

ec
on

da
ry

 d
at

a 
w

ill
 b

e 
us

ed
 w

ith
ou

t 
pr

im
ar

y 
ac

tiv
ity

 
da

ta

In
te

rn
al

 c
om

m
un

ic
at

io
n 

an
d 

co
nt

in
uo

us
 im

pr
ov

em
en

t. 
So

 
pr

im
ar

y 
ac

tiv
ity

 d
at

a 
w

ill
 b

e 
us

ed

Ca
rb

on
 f

oo
tp

rin
t 

ac
cr

ed
ita

tio
n 

&
 

la
be

lli
ng

. S
o 

hi
gh

 q
ua

lit
y 

&
 

va
lid

at
ed

 p
rim

ar
y 

ac
tiv

ity
 d

at
a 

w
ill

 b
e 

us
ed

.

Se
t 

Fu
nc

tio
n 

un
it

D
et

er
m

in
e 

th
e 

fu
nc

tio
n 

un
it 

fo
r 

PC
F

Ch
ec

k 
w

he
th

er
 P

CR
 (

pr
od

uc
t 

ca
te

go
ry

 r
ul

es
) 

ex
is

ts
, i

f 
no

t, 
th

en
 t

he
 f

un
ct

io
n 

un
it 

ha
s 

to
 

be
 s

et

Se
le

ct
ed

 p
ro

du
ct

 is
 r

eq
ui

re
d 

by
 

cu
st

om
er

M
ai

ns
tr

ea
m

 p
ro

du
ct

s
M

ai
ns

tr
ea

m
 p

ro
du

ct
s

In
iti

al
ly

 d
et

er
m

in
e 

th
e 

pr
io

rit
y 

of
 t

he
 P

CF
(a

cc
or

di
ng

 t
o 

th
e 

PC
F 

ai
m

s 
an

d 
th

e 
pr

od
uc

t 
ch

ar
ac

te
ris

tic
s,

 
an

d 
th

e 
co

m
pa

ny
’s 

po
si

tio
n 

in
 

th
e 

su
pp

ly
 c

ha
in

, t
o 

de
ci

de
 

on
 t

he
 f

oc
us

 /
 p

rio
rit

y 
of

 P
CF

, 
th

e 
fo

cu
s 

/ 
pr

io
rit

y 
is

 ju
st

 a
n 

in
iti

al
 d

ec
is

io
n,

 n
ot

 a
s 

de
ta

ile
d 

as
 s

et
tin

g 
th

e 
sy

st
em

 
bo

un
da

ry
), 

th
is

 d
et

er
m

in
es

 
w

he
th

er
 t

he
 p

rio
rit

y 
sh

ou
ld

 
be

 in
 t

he
 p

ro
du

ct
io

n 
pa

rt
 o

r 
th

e 
su

pp
ly

 c
ha

in
 p

ar
t

It 
is

 n
ot

 n
ee

de
d 

to
 c

on
si

de
r 

th
e 

PC
F 

pr
io

rit
y

Th
e 

PC
F 

te
am

 s
ho

ul
d 

m
ak

e 
an

 
in

iti
al

 d
ec

is
io

n 
on

 t
he

 f
oc

us
 o

f 
th

e 
pr

oj
ec

t: 
th

e 
pr

od
uc

tio
n 

st
ag

es
 o

r 
su

pp
ly

 c
ha

in

Th
e 

PC
F 

te
am

 s
ho

ul
d 

m
ak

e 
an

 
in

iti
al

 d
ec

is
io

n 
on

 t
he

 f
oc

us
 o

f 
th

e 
pr

oj
ec

t: 
th

e 
pr

od
uc

tio
n 

st
ag

es
 o

r 
su

pp
ly

 c
ha

in

PRODUCTION PLANNING & CONTROL 17



A
p

p
en

d
ix

 3
.

In
te

rn
al

 s
co

p
in

g
 s

ta
g

e 
ac

ro
ss

 d
if

fe
re

n
t 

P
C

F 
ca

se
s

St
ep

s
Ex

pl
an

at
io

n
Ca

se
 3

,8
Ca

se
 1

,2
Ca

se
 4

,5
,6

,7
,9

In
te

rn
al

 S
co

pi
ng

M
ap

 o
f  

Pr
od

uc
t  

Li
fe

 C
yc

le

1s
t 

In
te

rn
al

 W
or

ks
ho

p 
tu

to
rin

g 
PC

F 
kn

ow
le

dg
e

Th
e 

fir
st

 m
ee

tin
g 

sh
ou

ld
 b

e 
or

ga
ni

ze
d 

w
ith

in
 in

te
rn

al
 

de
pa

rt
m

en
ts

, i
n 

or
de

r 
to

 g
et

 a
 g

oo
d 

id
ea

 o
f 

w
ha

t 
is

 t
he

 
pr

oc
es

s 
m

ap
 a

nd
 w

ha
t 

ar
e 

th
e 

re
la

te
d 

pa
rt

s 
an

d 
in

pu
t 

flo
w

s,
 b

ec
au

se
 t

he
 P

CF
 t

ea
m

 m
ay

 n
ot

 b
e 

th
e 

ex
pe

rt
 o

f 
ea

ch
 t

ea
m

, s
o 

m
ay

 n
ot

 b
e 

w
el

l a
w

ar
e 

of
 a

ll 
th

e 
re

la
te

d 
in

fo
rm

at
io

n 
of

 t
he

 p
ro

du
ct

. B
ut

 t
he

 in
te

rn
al

 m
ee

tin
g 

sh
ou

ld
 b

e 
th

e 
tr

ai
ni

ng
 t

o 
di

ffe
re

nt
 d

ep
ar

tm
en

ts
, b

ec
au

se
 

th
ey

 m
ay

 n
ot

 b
e 

pr
ep

ar
ed

 in
 t

he
 k

no
w

le
dg

e 
of

 P
CF

. T
he

 
tu

iti
on

 c
on

te
nt

 o
f 

th
e 

w
or

ks
ho

p 
sh

ou
ld

 in
cl

ud
e:

 (
1)

 
In

tr
od

uc
tio

n 
to

 in
te

rn
at

io
na

l c
or

po
ra

te
 c

ar
bo

n 
m

an
ag

em
en

t 
pr

ac
tic

es
; (

2)
 P

AS
20

50
 s

ta
nd

ar
ds

, s
ys

te
m

 
bo

un
da

ry
, d

at
a 

co
lle

ct
io

n/
ca

lc
ul

at
io

n 
an

d 
qu

al
ity

 
as

se
ss

m
en

t; 
(3

) 
Em

is
si

on
 a

llo
ca

tio
n 

pr
in

ci
pl

es
; (

4)
 H

ow
 t

o 
co

m
pl

et
e 

da
ta

 c
ol

le
ct

io
n 

te
m

pl
at

e 
fo

rm
s;

 (
5)

 O
ve

ra
ll 

pr
oc

es
s 

of
 c

al
cu

la
tin

g 
ca

rb
on

 f
oo

tp
rin

t; 
(6

) 
Fo

ot
pr

in
tin

g 
ro

ut
in

e 
re

po
rt

 a
nd

 o
ve

ra
ll 

ca
rb

on
 f

oo
tp

rin
t 

re
po

rt
; a

nd
 (

7)
 

Tr
ai

ni
ng

 t
o 

in
te

rn
al

 v
al

id
at

io
n

Th
is

 m
ee

tin
g 

is
 n

ot
 

ap
pl

ic
ab

le
 f

or
 t

hi
s 

st
ra

te
gy

.

PC
F 

te
am

 a
nd

 
re

pr
es

en
ta

tiv
es

 f
ro

m
 

ot
he

r 
bu

si
ne

ss
 

fu
nc

tio
ns

 n
ee

d 
to

 
at

te
nd

 t
he

 t
ra

in
in

g.

PC
F 

te
am

, 
re

pr
es

en
ta

tiv
es

 f
ro

m
 

ot
he

r 
bu

si
ne

ss
 

fu
nc

tio
ns

 n
ee

d 
to

 
at

te
nd

 t
he

 t
ra

in
in

g.

U
se

 p
ro

du
ct

 
sp

ec
ifi

ca
tio

n 
an

d 
BO

M
 t

o 
de

ta
il 

an
d 

ex
pa

nd
 p

ro
ce

ss
 m

ap

Th
e 

pr
od

uc
t 

sp
ec

ifi
ca

tio
n 

an
d 

BO
M

 (
Bi

ll 
of

 M
at

er
ia

l) 
ca

n 
gi

ve
 a

 c
le

ar
 in

fo
rm

at
io

n 
lis

t 
of

 p
ro

du
ct

’s 
co

m
po

ne
nt

s.
O

bt
ai

n 
fr

om
 p

ro
du

ct
 

m
an

ag
em

en
t 

de
pa

rt
m

en
t

O
bt

ai
n 

fr
om

 p
ro

du
ct

 
m

an
ag

em
en

t 
de

pa
rt

m
en

t

O
bt

ai
n 

fr
om

 p
ro

du
ct

 
m

an
ag

em
en

t 
de

pa
rt

m
en

t

dr
aw

 t
he

 in
iti

al
 

pr
oc

es
s 

m
ap

Th
e 

m
ap

 o
f 

lin
ke

d 
pr

oc
es

se
s 

to
 m

ak
e 

th
e 

pr
od

uc
t

Th
e 

pr
oc

es
s 

m
ap

 c
an

 
be

 s
im

pl
y 

di
vi

de
d 

in
to

 s
ev

er
al

 s
ta

ge
s:

 
R&

D
, m

an
uf

ac
tu

rin
g,

 
tr

an
sp

or
ta

tio
n,

 u
sa

ge
 

an
d 

di
sp

os
al

D
ra

w
 t

he
 p

ro
ce

ss
 m

ap
 

w
ith

 d
et

ai
le

d 
st

ag
es

D
ra

w
 t

he
 p

ro
ce

ss
 m

ap
 

w
ith

 d
et

ai
le

d 
st

ag
es

Se
t 

Sy
st

em
  

Bo
un

da
ry

Se
tt

in
g 

in
iti

al
 s

ys
te

m
 

bo
un

da
ry

Af
te

r 
dr

aw
in

g 
th

e 
in

iti
al

 p
ro

ce
ss

 m
ap

, a
cc

or
di

ng
 t

o 
th

e 
go

al
 

of
 P

CF
, t

he
 f

oc
al

 f
irm

 c
an

 d
ec

id
e 

ho
w

 w
id

e 
to

 in
vo

lv
e 

su
pp

lie
rs

, i
f 

ye
s,

 w
ha

t 
su

pp
lie

rs
 n

ee
d 

to
 b

e 
in

vo
lv

ed
? 

Co
m

pa
ni

es
 u

se
 P

CR
 t

o 
he

lp
 t

o 
de

te
rm

in
e 

th
e 

sy
st

em
 

bo
un

da
rie

s,
 b

ut
, i

n 
m

an
y 

si
tu

at
io

ns
, t

he
re

 a
re

 n
o 

PC
Rs

 t
o 

re
fe

re
nc

e 
fr

om

Co
ve

rs
 p

ar
tia

l p
ro

du
ct

 
lif

e 
cy

cl
e

Co
ve

rs
 f

ul
l o

r 
pa

rt
ia

l 
pr

od
uc

t 
lif

e 
cy

cl
e

Co
ve

rs
 f

ul
l p

ro
du

ct
 li

fe
 

cy
cl

e;
 in

cl
ud

e 
95

%
 

of
 t

he
 t

ot
al

 c
ar

bo
n 

em
is

si
on

s

Re
-e

xa
m

in
e 

th
e 

pr
io

rit
y 

of
 P

CF
It 

is
 u

su
al

ly
 n

ot
 w

or
th

 s
pe

nd
in

g 
si

gn
ifi

ca
nt

 t
im

e 
an

d 
ef

fo
rt

 
ge

tt
in

g 
pr

ec
is

e 
an

d 
ac

cu
ra

te
 d

at
a 

fo
r 

a 
lif

e 
cy

cl
e 

st
ag

e 
th

at
 h

as
 v

er
y 

lit
tle

 im
pa

ct
 o

n 
th

e 
ov

er
al

l f
oo

tp
rin

t. 
Ef

fo
rt

s 
an

d 
pr

io
rit

ie
s 

sh
ou

ld
 a

ls
o 

be
 li

nk
ed

 t
o 

th
e 

in
te

nd
ed

 
pu

rp
os

e 
of

 t
he

 s
tu

dy
. I

t 
is

 s
ug

ge
st

ed
 t

o 
id

en
tif

y 
po

te
nt

ia
l 

em
is

si
on

s 
‘h

ot
sp

ot
s’ 

at
 a

 h
ig

h 
le

ve
l e

ar
ly

 o
n 

in
 t

he
 

pr
oc

es
s

N
ot

 a
pp

lic
ab

le
D

et
er

m
in

e 
th

e 
fo

cu
s 

of
 

PC
F 

to
 e

ns
ur

e 
su

ffi
ci

en
t 

ef
fo

rt
 in

to
 t

he
 e

m
is

si
on

 
fa

ct
or

s 
w

ith
 s

ig
ni

fic
an

t 
im

pa
ct

s

D
et

er
m

in
e 

th
e 

fo
cu

s 
of

 
PC

F 
to

 e
ns

ur
e 

su
ffi

ci
en

t 
ef

fo
rt

 in
to

 
th

e 
em

is
si

on
 f

ac
to

rs
 

w
ith

 s
ig

ni
fic

an
t 

im
pa

ct
s

D
et

er
m

in
e 

pr
im

ar
y 

ac
tiv

ity
 d

at
a 

co
lle

ct
io

n 
sc

op
e

Th
e 

ge
ne

ra
l r

ul
e 

in
 P

AS
20

50
 is

 t
ha

t 
pr

im
ar

y 
ac

tiv
ity

 d
at

a 
ar

e 
pr

ef
er

re
d.

 S
o,

 it
 h

as
 t

o 
be

 c
on

si
de

re
d 

w
he

th
er

 s
up

pl
y 

ch
ai

n 
pa

rt
ne

rs
’ p

rim
ar

y 
da

ta
 s

ho
ul

d 
be

 c
ov

er
ed

O
nl

y 
se

co
nd

ar
y 

da
ta

 
ap

pl
ie

d
Pr

im
ar

y 
da

ta
 a

nd
 

se
co

nd
ar

y 
da

ta
Pr

im
ar

y 
da

ta
 in

 m
os

t 
ca

se
s;

 s
up

pl
em

en
te

d 
by

 s
ec

on
da

ry
 d

at
a

Ta
sk

 A
llo

ca
tio

n 
to

 
in

te
rn

al
 t

ea
m

 
in

cl
ud

in
g 

PC
F 

te
am

 
an

d 
ot

he
r 

fu
nc

tio
n 

un
its

Th
e 

de
ta

ile
d 

ta
sk

s 
to

 c
ol

le
ct

 d
at

a 
fr

om
 d

iff
er

en
t 

pr
oc

es
se

s 
ar

e 
al

lo
ca

te
d 

to
 r

el
ev

an
t 

de
pa

rt
m

en
ts

.
Ta

sk
s 

ar
e 

on
ly

 a
llo

ca
te

d 
to

 P
CF

 t
ea

m
D

at
a 

co
lle

ct
io

n 
ta

sk
s 

ar
e 

al
lo

ca
te

d 
to

 o
th

er
 

in
te

rn
al

 b
us

in
es

s 
fu

nc
tio

ns

D
at

a 
co

lle
ct

io
n 

ta
sk

s 
ar

e 
al

lo
ca

te
d 

to
 

ot
he

r 
in

te
rn

al
 

bu
si

ne
ss

 f
un

ct
io

ns
 

an
d 

in
te

rn
al

 
va

lid
at

io
n 

te
am

18 J. HU ET AL.



A
p

p
en

d
ix

 4
.

Ex
te

rn
al

 s
co

p
in

g
 s

ta
g

e 
ac

ro
ss

 d
if

fe
re

n
t 

P
C

F 
ca

se
s

St
ep

s
Ex

pl
an

at
io

n
Ca

se
 3

,8
Ca

se
 1

,2
Ca

se
 4

,5
,6

,7
,9

Ex
te

rn
al

 S
co

pi
ng

Su
pp

lie
r 

M
ap

pi
ng

 &
 

Sy
st

em
 B

ou
nd

ar
y

D
et

er
m

in
e 

lis
t 

of
 s

up
pl

ie
rs

 
in

vo
lv

ed
 in

 t
he

 p
ro

je
ct

Ac
co

rd
in

g 
to

 t
he

 p
ro

ce
ss

 m
ap

 a
nd

 d
ec

is
io

n 
on

 
sy

st
em

 b
ou

nd
ar

y,
 a

 li
st

 o
f 

su
pp

lie
rs

 w
hi

ch
 

m
ak

e 
th

e 
ra

w
 m

at
er

ia
l f

or
 t

he
 f

oc
al

 f
irm

 c
an

 
be

 g
en

er
at

ed

N
ot

 a
pp

lic
ab

le
Se

le
ct

 k
ey

 r
aw

/m
at

er
ia

ls
/ 

co
m

po
ne

nt
s

Se
le

ct
 k

ey
 r

aw
/m

at
er

ia
ls

/ 
co

m
po

ne
nt

s

1s
t 

M
ee

tin
g 

w
ith

 k
ey

 
su

pp
lie

rs
 t

o 
tu

to
r 

an
d 

ga
in

 t
he

 p
ro

ce
ss

 m
ap

 
of

 s
up

pl
ie

rs
’ p

ro
du

ct

Th
e 

se
co

nd
 m

ee
tin

g 
sh

ou
ld

 b
e 

or
ga

ni
ze

d 
w

ith
 

ke
y 

su
pp

lie
rs

 t
o 

tu
to

r 
or

 d
ire

ct
ly

 g
et

 t
he

 
pr

oc
es

s 
m

ap
 f

ro
m

 t
he

 s
up

pl
ie

r’s
 s

ite
. T

hi
s 

m
ee

tin
g 

ai
m

s 
to

 h
el

p 
th

e 
fo

ca
l f

irm
 t

o 
ge

t 
a 

cl
ea

r 
id

ea
 a

bo
ut

 t
he

 p
ro

du
ct

 li
fe

 c
yc

le
 m

ap
 o

f 
th

e 
co

m
po

ne
nt

 p
ar

ts
 p

ro
du

ce
d 

fr
om

 
su

pp
lie

rs
. B

ec
au

se
 t

he
 f

oc
al

 f
irm

 m
ay

 a
lre

ad
y 

ha
ve

 a
 c

le
ar

 id
ea

 o
f 

su
pp

lie
rs

’ p
ro

du
ct

 li
fe

 
cy

cl
e,

 t
hi

s 
ca

n 
be

 f
in

is
he

d 
di

re
ct

ly
 b

y 
th

e 
fo

ca
l f

irm
 w

ith
ou

t 
di

sc
us

si
on

 w
ith

 s
up

pl
ie

rs
.

N
ot

 a
pp

lic
ab

le
Tu

to
r 

su
pp

lie
rs

 w
ith

 b
as

ic
 

kn
ow

le
dg

e 
of

 P
CF

Tu
to

r 
su

pp
lie

rs
 w

ith
 b

as
ic

 
kn

ow
le

dg
e 

of
 P

CF

D
ra

w
in

g 
pr

oc
es

s 
m

ap
 f

or
 

th
e 

pa
rt

s 
in

 1
st

 t
ie

r 
su

pp
lie

rs

Th
e 

pr
oc

es
s 

m
ap

 o
f 

th
e 

pr
od

uc
in

g 
pr

oc
ed

ur
e 

fo
r 

th
e 

sp
ec

ifi
c 

ra
w

 m
at

er
ia

l
N

ot
 a

pp
lic

ab
le

G
et

 t
he

 p
ro

ce
ss

 m
ap

 o
f 

su
pp

lie
r’s

 k
ey

 p
ro

du
ct

 
w

hi
ch

 a
re

 in
pu

ts
 t

o 
fo

cu
s 

fir
m

G
et

 t
he

 p
ro

ce
ss

 m
ap

 o
f 

su
pp

lie
r’s

 k
ey

 p
ro

du
ct

 
w

hi
ch

 a
re

 in
pu

ts
 t

o 
fo

cu
s 

fir
m

Se
tt

in
g 

th
e 

sy
st

em
 

bo
un

da
ry

 f
or

 1
st

 t
ie

r 
su

pp
lie

rs

Sy
st

em
 b

ou
nd

ar
y 

fo
r 

th
e 

co
m

po
ne

nt
s 

th
at

 is
 

m
ad

e 
in

 s
up

pl
ie

rs
’ p

la
nt

N
ot

 A
pp

lic
ab

le
Se

tt
in

g 
bo

un
da

ry
 f

or
 

su
pp

lie
rs

’ p
ro

du
ct

s.
 In

 
m

os
t 

si
tu

at
io

ns
 it

 o
nl

y 
co

ns
id

er
s 

th
e 

ra
w

 
m

at
er

ia
l a

nd
 it

s 
pr

od
uc

tio
n 

st
ag

e

Se
tt

in
g 

bo
un

da
ry

 f
or

 
su

pp
lie

rs
’ p

ro
du

ct
s.

 I
n 

m
os

t 
si

tu
at

io
ns

 it
 o

nl
y 

co
ns

id
er

s 
th

e 
ra

w
 

m
at

er
ia

l a
nd

 it
s 

pr
od

uc
tio

n 
st

ag
e

Ti
m

et
ab

lin
g

Se
t 

Ti
m

et
ab

le
Th

e 
tim

et
ab

le
 a

nd
 m

ile
st

on
es

 f
or

 t
he

 w
ho

le
 

pr
oj

ec
t, 

in
cl

ud
in

g 
th

e 
da

ta
 c

ol
le

ct
io

n,
 

fo
ot

pr
in

t 
ca

lc
ul

at
io

n 
pr

oc
ed

ur
e,

 in
te

rn
al

 
va

lid
at

io
n 

an
d 

re
su

lt 
ve

rif
ic

at
io

n 
by

 t
hi

rd
 

pa
rt

y.

2–
4 

M
on

th
s 

fo
r 

fir
st

- 
tim

e 
PC

F
4–

7 
M

on
th

s 
fo

r 
fir

st
- 

tim
e 

PC
F

6–
8 

M
on

th
s 

fo
r 

fir
st

- 
tim

e 
PC

F

PRODUCTION PLANNING & CONTROL 19



A
p

p
en

d
ix

 5
.

In
te

rn
al

 d
at

a 
co

lle
ct

io
n

 s
ta

g
e 

ac
ro

ss
 d

if
fe

re
n

t 
P

C
F 

ca
se

s

St
ep

s
Ex

pl
an

at
io

n 
of

 S
te

ps
Ca

se
 3

,8
Ca

se
 1

,2
Ca

se
 4

,5
,6

,7
,9

In
te

rn
al

 D
at

a 
Co

lle
ct

io
n

D
at

a 
Co

lle
ct

io
n 

Pl
an

D
ra

w
 a

 d
at

a 
co

lle
ct

io
n 

pl
an

D
ra

w
 a

 d
at

a 
co

lle
ct

io
n 

pl
an

Ro
ug

h 
co

lle
ct

io
n 

pl
an

D
at

a 
co

lle
ct

io
n 

pl
an

 in
vo

lv
es

 
m

ul
tip

le
 in

te
rn

al
 a

nd
 

ex
te

rn
al

 p
ar

tn
er

s

D
at

a 
co

lle
ct

io
n 

pl
an

 
in

vo
lv

es
 m

ul
tip

le
 

in
te

rn
al

 a
nd

 e
xt

er
na

l 
pa

rt
ne

rs
D

es
ig

n 
da

ta
 c

ol
le

ct
io

n 
to

ol
s 

or
 f

or
m

s 
fo

r 
al

l 
re

la
te

d 
pa

rt
ie

s

D
es

ig
n 

da
ta

 c
ol

le
ct

io
n 

to
ol

s 
or

 f
or

m
s 

fo
r 

in
te

rn
al

 
de

pa
rt

m
en

ts
 a

nd
 s

up
pl

ie
rs

, a
nd

 d
ow

ns
tr

ea
m

 lo
gi

st
ic

s 
pr

ov
id

er
s.

G
en

er
at

ed
 f

ro
m

 
so

ft
w

ar
e

Ac
co

rd
in

g 
to

 P
CF

 s
ta

nd
ar

ds
 

(e
.g

. P
AS

20
50

) 
an

d 
ex

te
rn

al
 c

on
su

lta
nc

y 
ad

vi
ce

 if
 p

ro
vi

de
d

Ac
co

rd
in

g 
to

 P
CF

 
st

an
da

rd
s 

(e
.g

. 
PA

S2
05

0)
 a

nd
 e

xt
er

na
l 

co
ns

ul
ta

nc
y 

ad
vi

ce
 if

 
pr

ov
id

ed
Es

ta
bl

is
he

d 
de

ta
ile

d 
da

ta
 c

ol
le

ct
io

n 
re

qu
ire

m
en

t

ch
oo

si
ng

 b
et

w
ee

n 
pr

im
ar

y 
da

ta
 a

nd
 s

ec
on

da
ry

 d
at

a,
 

fo
llo

w
in

g 
th

e 
pr

in
ci

pl
es

: 
�

re
le

va
nc

e 
– 

se
le

ct
io

n 
of

 a
pp

ro
pr

ia
te

 d
at

a 
an

d 
m

et
ho

ds
 

fo
r 

th
e 

sp
ec

ifi
c 

pr
od

uc
ts

 
�

co
m

pl
et

en
es

s 
– 

in
cl

us
io

n 
of

 a
ll 

G
H

G
 e

m
is

si
on

s 
an

d 
re

m
ov

al
s 

ar
is

in
g 

w
ith

in
 t

he
 s

ys
te

m
 b

ou
nd

ar
y 

th
at

 p
ro

vi
de

 
a 

m
at

er
ia

l c
on

tr
ib

ut
io

n 
�

co
ns

is
te

nc
y 

– 
ap

pl
yi

ng
 a

ss
um

pt
io

ns
, m

et
ho

ds
 a

nd
 d

at
a 

in
 t

he
 s

am
e 

w
ay

 t
hr

ou
gh

ou
t 

th
e 

as
se

ss
m

en
t 

�
ac

cu
ra

cy
 –

 r
ed

uc
in

g 
bi

as
 a

nd
 u

nc
er

ta
in

ty
 a

s 
fa

r 
as

 
pr

ac
tic

al
 

�
tr

an
sp

ar
en

cy
 –

 w
he

re
 c

om
m

un
ic

at
in

g 
ex

te
rn

al
ly

, p
ro

vi
de

 
su

ffi
ci

en
t 

in
fo

rm
at

io
n.

U
si

ng
 s

ec
on

da
ry

 
da

ta
Su

pp
or

te
d 

by
 s

ta
nd

ar
ds

 o
r 

ex
te

rn
al

 c
on

su
lta

nc
y

Su
pp

or
te

d 
by

 s
ta

nd
ar

ds
 

an
d 

ex
te

rn
al

 
co

ns
ul

ta
nc

y

Co
lle

ct
 I

nt
er

na
l D

at
a

2n
d 

m
ee

tin
g 

w
ith

 
in

te
rn

al
 d

ep
ar

tm
en

ts
 

to
 t

ra
in

 d
at

a 
co

lle
ct

io
n 

pr
oc

es
s 

an
d 

on
-s

ite
 t

ui
tio

n

2n
d 

M
ee

tin
g 

w
ith

 in
te

rn
al

 d
ep

ar
tm

en
ts

, f
oc

us
 o

n 
th

e 
D

at
a 

Co
lle

ct
io

n 
Tr

ai
ni

ng
, e

ng
ag

in
g 

th
es

e 
in

te
rn

al
 d

ep
ar

tm
en

ts
 

to
 c

om
pl

et
e 

da
ta

 c
ol

le
ct

io
n 

fo
rm

s.
 T

he
 c

ol
le

ct
io

n 
pr

oc
es

s 
fo

llo
w

s 
th

e 
pr

oc
es

s 
m

ap
 in

 t
he

 s
co

pi
ng

 s
ta

ge
. T

he
se

 t
as

ks
 

ar
e 

al
lo

ca
te

d 
ac

ro
ss

 in
te

rn
al

 d
ep

ar
tm

en
ts

Th
is

 t
yp

e 
do

es
 n

ot
 

ne
ed

 t
o 

co
lle

ct
 

pr
im

ar
y 

da
ta

 s
o 

no
 n

ee
d 

to
 t

ra
in

 
re

pr
es

en
ta

tiv
es

 
fr

om
 in

te
rn

al
 

de
pa

rt
m

en
ts

Tr
ai

ni
ng

 t
o 

re
pr

es
en

ta
tiv

es
 o

f 
in

te
rn

al
 d

ep
ar

tm
en

ts
 (

R&
D

, 
pr

oc
ur

em
en

t, 
pr

od
uc

tio
n,

 
lo

gi
st

ic
s,

 e
tc

.) 
an

d 
on

-s
ite

 
tu

iti
on

 f
or

 d
at

a 
co

lle
ct

io
n

Tr
ai

ni
ng

 t
o 

re
pr

es
en

ta
tiv

es
 

of
 in

te
rn

al
 d

ep
ar

tm
en

ts
 

(R
&

D
, p

ro
cu

re
m

en
t, 

pr
od

uc
tio

n,
 lo

gi
st

ic
s,

 
et

c.
) 

an
d 

on
-s

ite
 t

ui
tio

n 
fo

r 
da

ta
 c

ol
le

ct
io

n

O
bt

ai
n 

an
d 

co
nf

irm
 t

he
 

D
at

a 
fr

om
 In

te
rn

al
 

D
ep

ar
tm

en
ts

Co
lle

ct
 d

at
a 

th
ro

ug
h 

th
e 

re
pr

es
en

ta
tiv

es
 f

ro
m

 in
te

rn
al

 
de

pa
rt

m
en

ts
. C

om
m

un
ic

at
io

n 
be

tw
ee

n 
PC

F 
te

am
 a

nd
 

re
pr

es
en

ta
tiv

e 
ca

n 
be

 q
ui

te
 f

re
qu

en
t.

N
ot

 a
pp

lic
ab

le
Co

lle
ct

 d
at

a 
fr

om
 m

ul
tip

le
 

de
pa

rt
m

en
ts

Co
lle

ct
 d

at
a 

fr
om

 m
ul

tip
le

 
de

pa
rt

m
en

ts

Co
lle

ct
 d

at
a 

fo
r 

do
w

ns
tr

ea
m

 
ac

tiv
iti

es

Th
es

e 
da

ta
 in

cl
ud

e 
di

st
rib

ut
io

n 
to

 c
us

to
m

er
, u

sa
ge

 a
nd

 e
nd

- 
of

-u
se

 p
hr

as
e 

of
 p

ro
du

ct
. T

he
se

 t
as

ks
 s

ho
ul

d 
be

 
co

nd
uc

te
d 

by
 t

ra
ns

po
rt

at
io

n/
 d

is
tr

ib
ut

io
n 

de
pa

rt
m

en
t, 

an
d 

pr
od

uc
t 

R&
D

 d
ep

ar
tm

en
t, 

an
d 

th
e 

PC
F 

te
am

Co
lle

ct
 d

ow
ns

tr
ea

m
 

da
ta

 f
ro

m
 

so
ft

w
ar

e

Co
lle

ct
 d

ow
ns

tr
ea

m
 d

at
a 

fr
om

 in
te

rn
al

 d
ep

ar
tm

en
ts

co
lle

ct
 d

ow
ns

tr
ea

m
 d

at
a 

fr
om

 in
te

rn
al

 
de

pa
rt

m
en

ts

Bu
ild

 u
p 

th
e 

da
ta

 
co

lle
ct

io
n 

ro
ut

in
e 

sy
st

em

Bu
ild

 u
p 

th
e 

da
ta

 c
ol

le
ct

io
n 

ro
ut

in
e 

sy
st

em
, w

hi
ch

 c
an

 
su

pp
or

t 
th

e 
bu

si
ne

ss
 f

or
 f

ut
ur

e 
fo

ot
pr

in
t 

co
lle

ct
io

n 
an

d 
go

od
 t

ra
ce

ab
ili

ty
 o

f 
da

ta
 s

ou
rc

e

N
ot

 n
ec

es
sa

ry
 f

or
 

Pi
lo

t-
or

ie
nt

ed
 P

CF
Th

e 
da

ta
 c

ol
le

ct
io

n 
ro

ut
in

e 
ca

n 
sa

ve
 t

im
e 

fo
r 

ne
w

 P
CF

 
pr

oj
ec

t 
an

d 
ea

si
ly

 s
ca

le
 u

p 
to

 c
ov

er
 o

th
er

 p
ro

du
ct

’s 
PC

F 
pr

of
ile

. A
nd

 it
 c

an
 

he
lp

 o
n 

pr
od

uc
t-

le
ve

l 
ca

rb
on

 c
on

tin
uo

us
 

im
pr

ov
em

en
t.

Th
e 

da
ta

 c
ol

le
ct

io
n 

ro
ut

in
e 

ca
n 

sa
ve

 t
im

e 
fo

r 
ne

w
 

PC
F 

pr
oj

ec
t 

an
d 

ea
si

ly
 

sc
al

e 
up

 t
o 

co
ve

r 
ot

he
r 

pr
od

uc
t’s

 P
CF

 p
ro

fil
e.

 I
t 

m
ak

es
 P

CF
 v

al
id

at
io

n 
pr

oc
es

s 
m

or
e 

ef
fic

ie
nt

 
in

 t
he

 f
ut

ur
e

Co
lle

ct
 s

ec
on

da
ry

 d
at

a 
fr

om
 m

ul
tip

le
 

so
ur

ce
s

Th
e 

so
ur

ce
 o

f 
se

co
nd

ar
y 

da
ta

 in
cl

ud
es

 a
gg

re
ga

te
d 

da
ta

 s
uc

h 
as

 e
m

is
si

on
 f

ac
to

r 
an

d 
di

sa
gg

re
ga

te
d 

da
ta

 s
uc

h 
as

 
in

ve
nt

or
y 

da
ta

 s
ou

rc
es

Se
co

nd
ar

y 
da

ta
 is

 
us

ua
lly

 
em

be
dd

ed
 in

 
so

ft
w

ar
e

U
se

 s
ec

on
da

ry
 d

at
a 

em
be

dd
ed

 in
 s

of
tw

ar
e 

or
 

ot
he

r 
so

ur
ce

s

U
se

 s
ec

on
da

ry
 d

at
a 

em
be

dd
ed

 in
 s

of
tw

ar
e 

or
 o

th
er

 s
ou

rc
es

20 J. HU ET AL.



A
p

p
en

d
ix

 6
.

Ex
te

rn
al

 d
at

a 
co

lle
ct

io
n

 s
ta

g
e 

ac
ro

ss
 d

if
fe

re
n

t 
P

C
F 

ca
se

s

St
ep

s
Ex

pl
an

at
io

n 
of

 S
te

ps
Ca

se
 3

,8
Ca

se
 1

,2
Ca

se
 4

,5
,6

,7
,9

Ex
te

rn
al

 D
at

a 
Co

lle
ct

io
n

Se
le

ct
 t

he
 s

am
pl

in
g 

of
 

th
e 

pr
od

uc
ts

Se
le

ct
ed

 a
ve

ra
ge

 f
ro

m
 u

ps
tr

ea
m

 s
ou

rc
e.

 
N

ot
 e

ve
ry

 s
up

pl
ie

r 
is

 n
ee

de
d 

to
 b

e 
in

vo
lv

ed
 in

 d
at

a 
co

lle
ct

io
n.

 T
he

 
re

su
lt 

ca
n 

be
 s

am
pl

ed
 f

ro
m

 t
yp

ic
al

 
or

 s
el

ec
te

d 
su

pp
lie

rs

N
ot

 n
ec

es
sa

ry
Se

le
ct

 s
om

e 
su

pp
lie

rs
 t

ha
t 

su
pp

ly
 k

ey
 

co
m

po
ne

nt
s

Co
ve

r 
th

e 
m

aj
or

ity
 o

f 
su

pp
lie

rs

2n
d 

M
ee

tin
g 

w
ith

 
su

pp
lie

rs
 f

or
 t

ui
tio

n 
on

 d
at

a 
co

lle
ct

io
n 

pr
oc

ed
ur

e,
 a

nd
 

di
st

rib
ut

e 
fo

rm
s 

to
 

su
pp

lie
rs

Th
is

 m
ee

tin
g 

sh
ou

ld
 b

e 
or

ga
ni

ze
d 

w
ith

 
su

pp
lie

rs
 t

o 
tu

to
r 

th
em

 w
ith

 t
he

 
da

ta
 c

ol
le

ct
io

n 
fo

rm
s,

 a
nd

 t
he

 
pr

oc
ed

ur
e 

of
 h

ow
 t

o 
co

lle
ct

 d
at

a.
 

Al
so

, t
he

 d
at

a 
co

lle
ct

io
n 

te
m

pl
at

es
 

fo
rm

s 
ar

e 
di

st
rib

ut
ed

 t
o 

su
pp

lie
rs

.

N
ot

 a
pp

lic
ab

le
O

rg
an

iz
e 

su
pp

lie
rs

 c
on

fe
re

nc
e 

to
 t

ut
or

 
su

pp
lie

rs
 o

n 
de

ta
ile

d 
pr

oc
ed

ur
e 

of
 

da
ta

 c
ol

le
ct

io
n,

 t
he

 r
eq

ui
re

m
en

t 
an

d 
re

la
te

d 
fo

rm
s 

w
hi

ch
 h

av
e 

be
en

 
de

si
gn

ed
 b

y 
PC

F 
te

am
 o

r 
ex

te
rn

al
 

co
ns

ul
ta

nc
y

O
rg

an
iz

e 
su

pp
lie

rs
 c

on
fe

re
nc

e 
to

 t
ut

or
 

su
pp

lie
rs

 o
n 

de
ta

ile
d 

pr
oc

ed
ur

e 
of

 
da

ta
 c

ol
le

ct
io

n,
 t

he
 r

eq
ui

re
m

en
t 

an
d 

re
la

te
d 

fo
rm

s 
w

hi
ch

 h
av

e 
be

en
 

de
si

gn
ed

 b
y 

PC
F 

te
am

 o
r 

ex
te

rn
al

 
co

ns
ul

ta
nc

y
Si

te
-v

is
it 

su
pp

lie
rs

’ p
la

nt
 

to
 s

up
po

rt
 d

at
a 

co
lle

ct
io

n

Si
te

-v
is

it 
in

 s
up

pl
ie

rs
’ p

la
nt

 t
o 

su
pp

or
t 

da
ta

 c
ol

le
ct

io
n

N
ot

 a
pp

lic
ab

le
Fo

r 
so

m
e 

of
 t

he
 s

up
pl

ie
rs

, P
CF

 t
ea

m
 t

o 
vi

si
t 

th
ei

r 
pl

an
ts

 t
o 

tu
to

r 
da

ta
 

co
lle

ct
io

n 
m

et
ho

d

Fo
r 

so
m

e 
of

 t
he

 s
up

pl
ie

rs
, P

CF
 t

ea
m

 t
o 

vi
si

t 
th

ei
r 

pl
an

ts
 t

o 
tu

to
r 

da
ta

 
co

lle
ct

io
n 

m
et

ho
d

Re
tr

ie
ve

 t
he

 f
or

m
s 

fr
om

 
su

pp
lie

rs
, a

nd
 o

bt
ai

n 
th

e 
ac

tiv
ity

 d
at

a

Re
tr

ie
ve

 t
he

 f
or

m
s 

fr
om

 s
up

pl
ie

rs
 a

nd
 

ob
ta

in
 t

he
 a

ct
iv

ity
 d

at
a.

 T
hi

s 
pr

oc
es

s 
an

d 
th

e 
pr

ev
io

us
 t

ui
tio

n 
st

ep
 c

an
 b

e 
ite

ra
te

d 
se

ve
ra

l t
im

es
 b

ec
au

se
 t

he
 

su
pp

lie
rs

 m
ay

 n
ot

 b
e 

w
el

l t
ra

in
ed

 t
o 

co
lle

ct
 d

at
a,

 s
o 

th
e 

da
ta

 q
ua

lit
y 

is
 

no
t 

as
 g

oo
d 

as
 r

eq
ui

re
d

N
ot

 a
pp

lic
ab

le
co

lle
ct

 t
he

 f
or

m
s 

w
ith

 p
rim

ar
y 

ac
tiv

ity
 

da
ta

co
lle

ct
 t

he
 f

or
m

s 
w

ith
 p

rim
ar

y 
ac

tiv
ity

 
da

ta

PRODUCTION PLANNING & CONTROL 21



A
p

p
en

d
ix

 7
. 

D
at

a 
va

lid
at

io
n

 s
ta

g
e 

ac
ro

ss
 d

if
fe

re
n

t 
P

C
F 

ca
se

s

St
ep

s
Ex

pl
an

at
io

n 
of

 S
te

ps
Ca

se
 3

,8
Ca

se
 1

,2
Ca

se
 4

,5
,6

,7
,9

D
at

a 
va

lid
at

io
n

In
te

rn
al

 v
al

id
at

io
n

Co
nd

uc
t 

da
ta

 q
ua

lit
y 

an
al

ys
is

, a
nd

 v
al

id
at

in
g 

da
ta

 w
ith

 t
he

 f
or

m
s 

&
 

su
pp

or
tin

g 
do

cu
m

en
ts

Th
es

e 
da

ta
 a

re
 c

ol
le

ct
ed

 b
y 

bo
th

 
in

te
rn

al
 b

us
in

es
s 

un
its

 a
nd

 
su

pp
lie

rs
. T

he
se

 d
at

a 
ar

e 
va

lid
at

ed
 

w
ith

 t
he

 f
or

m
s 

&
 s

up
po

rt
in

g 
do

cu
m

en
ts

 p
ro

vi
de

d 
by

 in
te

rn
al

 
de

pa
rt

m
en

ts
 a

nd
 s

up
pl

ie
rs

. T
he

 d
at

a 
qu

al
ity

 s
ho

ul
d 

fo
llo

w
 t

he
 u

nd
er

ly
in

g 
PA

S 
20

50
 p

rin
ci

pl
es

: r
el

ev
an

ce
, 

co
m

pl
et

en
es

s,
 c

on
si

st
en

cy
, a

cc
ur

ac
y 

an
d 

tr
an

sp
ar

en
cy

. A
nd

 t
he

re
 a

re
 

m
ul

tip
le

 d
at

a 
qu

al
ity

 a
ss

es
sm

en
t 

m
et

ho
ds

N
ot

 a
pp

lic
ab

le
Ch

ec
k 

an
d 

co
nf

irm
 t

he
 

qu
al

ity
 o

f 
pr

im
ar

y 
ac

tiv
ity

 d
at

a 
&

 
se

co
nd

ar
y 

da
ta

. T
hi

s 
pr

oc
es

s 
in

cl
ud

es
 

ex
am

in
in

g 
th

e 
ra

tio
na

lit
y 

of
 d

at
a 

w
ith

 
ba

ck
gr

ou
nd

 d
oc

um
en

ts
 

fr
om

 in
te

rn
al

 
de

pa
rt

m
en

ts
 a

nd
 

su
pp

lie
rs

Ch
ec

k 
an

d 
co

nf
irm

 t
he

 
qu

al
ity

 o
f 

pr
im

ar
y 

ac
tiv

ity
 d

at
a 

&
 

se
co

nd
ar

y 
da

ta
. T

hi
s 

pr
oc

es
s 

in
cl

ud
es

 
ex

am
in

in
g 

th
e 

ra
tio

na
lit

y 
of

 d
at

a 
w

ith
 

ba
ck

gr
ou

nd
 d

oc
um

en
ts

 
fr

om
 in

te
rn

al
 

de
pa

rt
m

en
ts

 a
nd

 
su

pp
lie

rs

D
at

a 
qu

al
ity

 
as

se
ss

m
en

t
Se

t 
up

 I
nt

er
na

l V
al

id
at

io
n 

Te
am

 t
o 

va
lid

at
e 

al
l 

in
te

rn
al

 a
nd

 e
xt

er
na

l 
da

ta

In
te

rn
al

 V
al

id
at

io
n 

Te
am

 is
 s

et
 u

p 
fo

r 
th

e 
pu

rp
os

e 
of

 a
n 

in
te

rn
al

 c
he

ck
 

be
fo

re
 a

pp
ly

in
g 

fo
r 

th
e 

3r
d 

pa
rt

y 
ac

cr
ed

ita
tio

n.

N
ot

 a
pp

lic
ab

le
Fo

r 
th

e 
pr

oc
es

s-
or

ie
nt

ed
 

ty
pe

 P
CF

 it
 is

 n
ot

 
ne

ce
ss

ar
y 

to
 s

et
 u

p 
th

e 
in

te
rn

al
 v

al
id

at
io

n 
te

am

In
te

rn
al

 v
al

id
at

io
n 

te
am

 is
 

fo
r 

th
e 

pu
rp

os
e 

to
 

do
ub

le
 c

he
ck

 t
he

 
ac

cu
ra

cy
 o

f 
th

e 
da

ta
, 

an
d 

en
su

re
 p

ro
ce

du
ra

l 
ac

cu
ra

cy
 o

f 
PC

F
Va

lid
at

io
n 

te
am

 c
on

du
ct

 
si

te
-v

is
it 

in
te

rn
al

ly
 t

o 
ch

ec
k 

da
ta

 c
re

di
bi

lit
y

In
te

rn
al

 v
al

id
at

io
n 

to
 t

he
 d

at
a 

co
lle

ct
ed

 f
ro

m
 in

te
rn

al
 d

ep
ar

tm
en

ts
N

ot
 a

pp
lic

ab
le

N
ot

 n
ec

es
sa

ry
Ch

ec
k 

da
ta

 c
re

di
bi

lit
y 

of
 

in
te

rn
al

 d
at

a

Va
lid

at
io

n 
te

am
 c

on
du

ct
 

si
te

-v
is

its
 in

 s
up

pl
ie

rs
’ 

pl
an

ts
 t

o 
ch

ec
k 

da
ta

 
cr

ed
ib

ili
ty

Th
e 

in
te

rn
al

 v
al

id
at

io
n 

te
am

 n
ee

d 
to

 
co

nd
uc

t 
si

te
-v

is
it 

to
 s

up
pl

ie
rs

 t
o 

ch
ec

k 
D

at
a 

cr
ed

ib
ili

ty

N
ot

 a
pp

lic
ab

le
N

ot
 n

ec
es

sa
ry

Ch
ec

k 
cr

ed
ib

ili
ty

 o
f 

ex
te

rn
al

 s
up

pl
y 

ch
ai

n 
da

ta

22 J. HU ET AL.



A
p

p
en

d
ix

 8
.

Fo
o

tp
ri

n
t 

ca
lc

u
la

ti
o

n
 s

ta
g

e 
ac

ro
ss

 d
if

fe
re

n
t 

P
C

F 
ca

se
s

St
ep

s
Ex

pl
an

at
io

n 
of

 s
te

ps
Ca

se
 3

,8
Ca

se
 1

,2
Ca

se
 4

,5
,6

,7
,9

Fo
ot

pr
in

t  
ca

lc
ul

at
io

n
In

iti
al

 c
al

cu
la

tio
n

G
en

er
al

 c
al

cu
la

tio
n 

pr
oc

es
s

U
se

 t
he

 p
ro

ce
ss

 m
ap

, w
hi

ch
 a

lre
ad

y 
m

ap
s 

ou
t 

al
l o

f 
th

e 
in

pu
ts

, o
ut

pu
ts

, d
is

ta
nc

es
 

an
d 

ot
he

r 
us

ef
ul

 ‘a
ct

iv
ity

’ d
at

a 
fo

r 
ea

ch
 

pr
oc

es
s 

st
ag

e.
 I

t 
ca

n 
be

 u
se

d 
to

 c
al

cu
la

te
 

th
e 

em
is

si
on

 q
ua

nt
iti

es

Ex
ec

ut
ed

 in
 s

of
tw

ar
e 

or
 

Ex
ce

l w
or

ks
he

et
Ex

ec
ut

ed
 in

 s
of

tw
ar

e 
or

 E
xc

el
 

w
or

ks
he

et
Ex

ec
ut

ed
 in

 s
of

tw
ar

e 
or

 E
xc

el
 

w
or

ks
he

et

Ba
la

nc
e 

th
e 

da
ta

 in
to

 
pr

od
uc

t 
fu

nc
tio

n 
un

it 
(c

al
cu

la
te

 t
he

 p
ro

vi
si

on
 

of
 f

un
ct

io
na

l u
ni

t 
of

 
pr

od
uc

t 
to

 t
he

 o
ve

ra
ll 

pr
oc

es
s)

Be
ca

us
e 

ac
tiv

ity
 d

at
a 

ar
e 

of
te

n 
co

lle
ct

ed
 in

 
m

an
y 

di
ffe

re
nt

 f
or

m
at

s 
an

d 
re

la
tin

g 
to

 
di

ffe
re

nt
 u

ni
ts

, s
o 

th
e 

im
po

rt
an

t 
st

ep
 is

 t
o 

ba
la

nc
e 

th
e 

da
ta

 in
to

 a
 f

un
ct

io
n 

un
it

Ex
ec

ut
ed

 b
y 

so
ft

w
ar

e
Th

e 
al

lo
ca

tio
n 

m
et

ho
d 

of
 

pr
im

ar
y 

ac
tiv

ity
 d

at
a 

ne
ed

s 
to

 
be

 d
is

cu
ss

ed
 w

ith
 P

CF
 t

ea
m

 
an

d 
in

te
rn

al
 d

ep
ar

tm
en

ts
. 

So
m

e 
of

 t
he

 t
yp

ic
al

 a
llo

ca
tio

n 
un

its
 a

re
 w

ei
gh

t, 
m

on
et

ar
y 

va
lu

e,
 p

er
 w

or
ki

ng
 h

ou
r, 

et
c.

Th
e 

al
lo

ca
tio

n 
m

et
ho

d 
of

 
pr

im
ar

y 
ac

tiv
ity

 d
at

a 
ne

ed
s 

to
 

be
 d

is
cu

ss
ed

 w
ith

 P
CF

 t
ea

m
 

an
d 

in
te

rn
al

 d
ep

ar
tm

en
ts

. 
So

m
e 

of
 t

he
 t

yp
ic

al
 a

llo
ca

tio
n 

un
its

 a
re

 w
ei

gh
t, 

m
on

et
ar

y 
va

lu
e,

 p
er

 w
or

ki
ng

 h
ou

r, 
et

c.
Ca

lc
ul

at
io

n 
ad

ju
st

m
en

t 
&

 
fin

al
 r

es
ul

t

M
ak

in
g 

si
m

pl
ify

in
g 

as
su

m
pt

io
ns

U
se

 s
im

pl
ifi

ca
tio

ns
 o

r 
es

tim
at

io
ns

 t
o 

st
re

am
lin

e 
th

e 
ca

rb
on

 f
oo

tp
rin

tin
g 

pr
oc

es
s,

 in
cl

ud
in

g 
a 

ge
ne

ric
 e

m
is

si
on

 f
ac

to
r 

fo
r 

a 
gr

ou
p 

of
 

si
m

ila
r 

ch
em

ic
al

s,
 a

nd
 t

o 
as

si
gn

 a
 s

et
 o

f 
ge

ne
ra

l a
ss

um
pt

io
ns

 f
or

 t
ra

ns
po

rt
at

io
n 

ca
lc

ul
at

io
n.

So
ft

w
ar

e 
da

ta
se

t 
ha

s 
em

be
dd

ed
 t

he
 

si
m

pl
ifi

ed
 a

ss
um

pt
io

ns

M
ak

e 
th

es
e 

as
su

m
pt

io
ns

 o
n 

le
ss

- 
im

pa
ct

 e
m

is
si

on
s 

ac
tiv

iti
es

 
bu

t 
m

ak
e 

su
re

 t
he

 h
ig

h-
 

im
pa

ct
 a

ct
iv

iti
es

 a
re

 c
ar

ef
ul

ly
 

ex
am

in
ed

st
ric

tly
 f

ol
lo

w
s 

th
e 

re
qu

ire
m

en
ts

 
of

 f
oo

tp
rin

tin
g 

st
an

da
rd

s

M
ak

in
g 

th
e 

co
-p

ro
du

ct
 

al
lo

ca
tio

n
Sp

lit
/d

iv
id

e 
th

e 
em

is
si

on
 f

oo
tp

rin
t 

be
tw

ee
n 

th
e 

m
ai

n 
pr

od
uc

t 
an

d 
th

e 
co

-p
ro

du
ct

Th
is

 is
su

e 
is

 u
su

al
ly

 
om

itt
ed

 b
y 

so
ft

w
ar

e
Co

nd
uc

te
d 

by
 P

CF
 t

ea
m

 
ac

co
rd

in
g 

to
 p

ro
du

ct
 

pr
od

uc
tio

n 
pr

oc
es

s

Co
nd

uc
te

d 
by

 P
CF

 t
ea

m
 

ac
co

rd
in

g 
to

 p
ro

du
ct

 
pr

od
uc

tio
n 

pr
oc

es
s

Ap
pl

y 
th

e 
se

co
nd

ar
y 

da
ta

Th
e 

se
co

nd
ar

y 
da

ta
 w

er
e 

co
lle

ct
ed

 in
 t

he
 

da
ta

 c
ol

le
ct

io
n 

st
ag

e,
 in

cl
ud

in
g 

th
e 

em
is

si
on

 f
ac

to
r 

da
ta

ba
se

D
at

a 
in

 s
of

tw
ar

e 
ar

e 
al

l 
se

co
nd

ar
y 

ty
pe

Ap
pl

y 
th

e 
se

co
nd

ar
y 

da
ta

ap
pl

y 
th

e 
se

co
nd

ar
y 

da
ta

 b
ut

 
en

su
re

 it
 c

om
pl

ie
s 

w
ith

 t
he

 
PC

F 
st

an
da

rd
s 

re
qu

ire
m

en
t 

on
 

us
ag

e 
of

 p
rim

ar
y 

da
ta

Ca
lc

ul
at

e 
sp

ec
ifi

c 
as

pe
ct

s 
of

 c
ar

bo
n 

fo
ot

pr
in

t
In

cl
ud

in
g:

 b
io

ge
ni

c 
ca

rb
on

 a
cc

ou
nt

in
g 

an
d 

ca
rb

on
 s

to
ra

ge
, e

ne
rg

y 
an

d 
co

m
bi

ne
d 

he
at

 &
 p

ow
er

 (
CH

P)
, g

rid
 e

le
ct

ric
ity

, 
re

ne
w

ab
le

 e
ne

rg
y 

an
d 

re
ne

w
ab

le
 

el
ec

tr
ic

ity
 t

ar
iff

s,
 o

n-
si

te
 e

le
ct

ric
ity

 
pr

od
uc

tio
n,

 a
gr

ic
ul

tu
re

, l
an

d 
us

e 
ch

an
ge

, 
re

fr
ig

er
at

io
n,

 t
ra

ns
po

rt
 e

m
is

si
on

s,
 s

to
ra

ge
 

em
is

si
on

s,
 r

ec
yc

lin
g,

 r
es

id
ua

l w
as

te
 

di
sp

os
al

Th
is

 is
su

e 
is

 u
su

al
ly

 
om

itt
ed

 b
y 

so
ft

w
ar

e
Sp

ec
ia

l a
sp

ec
ts

 s
ho

ul
d 

be
 

ca
re

fu
lly

 c
on

si
de

re
d 

by
 P

CF
 

te
am

Sp
ec

ia
l a

sp
ec

ts
 s

ho
ul

d 
be

 
ca

re
fu

lly
 c

on
si

de
re

d 
by

 P
CF

 
te

am
 a

nd
 m

ak
e 

su
re

 it
 

co
m

pl
ie

s 
w

ith
 s

ta
nd

ar
d 

re
qu

ire
m

en
t

In
te

gr
at

e 
th

e 
re

su
lt 

of
 

fo
ot

pr
in

ts
 f

ro
m

 
di

ffe
re

nt
 s

ta
ge

s

Su
m

m
ar

iz
e 

th
e 

em
is

si
on

 r
es

ul
ts

 in
 d

iff
er

en
t 

st
ag

es
 o

f 
pr

od
uc

t 
lif

e 
cy

cl
e

Au
to

m
at

ic
 c

on
du

ct
ed

 b
y 

so
ft

w
ar

e
In

te
gr

at
e 

th
e 

fo
ot

pr
in

t 
re

su
lt

In
te

gr
at

e 
th

e 
fo

ot
pr

in
t 

re
su

lt

PRODUCTION PLANNING & CONTROL 23



A
p

p
en

d
ix

 9
.

In
te

rp
re

ta
ti

o
n

 &
 a

cc
re

d
it

at
io

n
 s

ta
g

e 
ac

ro
ss

 d
if

fe
re

n
t 

P
C

F 
ca

se
s

St
ep

s
Ex

pl
an

at
io

n 
of

 S
te

ps
Ca

se
 3

,8
Ca

se
 1

,2
Ca

se
 4

,5
,6

,7
,9

In
te

rp
re

ta
tio

n 
an

d 
ac

cr
ed

ita
tio

n
Fo

ot
pr

in
t 

re
su

lt 
Im

pa
ct

 
as

se
ss

m
en

t

U
nd

er
st

an
d 

th
e 

ca
rb

on
 

fo
ot

pr
in

t 
re

su
lts

Co
nd

uc
t 

lif
e 

cy
cl

e 
im

pa
ct

 a
na

ly
si

s 
to

 
th

e 
re

su
lt,

 w
hi

ch
 s

ho
w

s 
th

e 
em

is
si

on
s 

ho
ts

po
ts

 a
cr

os
s 

th
e 

lif
e 

cy
cl

e

H
ot

 s
po

t’ 
an

al
ys

is
, b

ut
 d

ue
 t

o 
us

in
g 

th
e 

se
co

nd
ar

y 
da

ta
, 

th
e 

an
al

ys
is

 m
ay

 n
ot

 b
e 

ac
cu

ra
te

H
ot

 s
po

t’ 
an

al
ys

is
H

ot
 s

po
t’ 

an
al

ys
is

U
nc

er
ta

in
ty

 a
na

ly
si

s 
to

 
ca

rb
on

 f
oo

tp
rin

t 
re

su
lt

A 
fo

rm
al

 u
nc

er
ta

in
ty

 a
na

ly
si

s 
ca

n 
be

 
un

de
rt

ak
en

 b
y 

em
pl

oy
in

g 
a 

st
at

is
tic

al
 a

pp
ro

ac
h 

su
ch

 a
s 

M
on

te
 

Ca
rlo

 a
na

ly
si

s 
to

 q
ua

nt
ify

 t
he

se
 

un
ce

rt
ai

nt
ie

s

Co
nd

uc
te

d 
w

ith
in

 t
he

 
so

ft
w

ar
e

Fo
rm

al
 u

nc
er

ta
in

ty
 a

na
ly

si
s 

m
ay

 n
ot

 b
e 

ne
ce

ss
ar

y 
fo

r 
th

is
 P

CF
 t

yp
e

A 
fo

rm
al

 a
na

ly
si

s 
sh

ou
ld

 
be

 c
ar

rie
d 

ou
t

Se
ns

iti
vi

ty
 a

na
ly

si
s 

to
 

ca
rb

on
 f

oo
tp

rin
t 

re
su

lt

It 
sh

ow
s 

ho
w

 k
ey

 d
at

a 
an

d 
as

su
m

pt
io

ns
 

In
flu

en
ce

 t
he

 r
es

ul
ts

. I
t 

in
vo

lv
es

 
si

m
pl

y 
ch

an
gi

ng
 t

he
 v

al
ue

 (
ac

tiv
ity

 
da

ta
 o

r 
em

is
si

on
 f

ac
to

r)
 o

ve
r 

w
hi

ch
 

th
er

e 
is

 u
nc

er
ta

in
ty

, t
o 

se
e 

ho
w

 t
hi

s 
af

fe
ct

s 
re

su
lts

.

Co
nd

uc
te

d 
w

ith
in

 t
he

 
so

ft
w

ar
e

Fo
rm

al
 s

en
si

tiv
ity

 a
na

ly
si

s 
m

ay
 n

ot
 b

e 
ne

ce
ss

ar
y 

fo
r 

th
is

 P
CF

 t
yp

e

A 
fo

rm
al

 a
na

ly
si

s 
sh

ou
ld

 
be

 c
ar

rie
d 

ou
t

Ce
rt

ify
 f

oo
tp

rin
t 

re
su

lt
W

rit
in

g 
th

e 
ca

rb
on

 
fo

ot
pr

in
t 

re
po

rt
G

en
er

at
in

g 
th

e 
fo

ot
pr

in
t 

re
po

rt
 

Si
m

pl
e 

ba
si

c 
re

po
rt

Th
e 

re
po

rt
 is

 s
er

ve
d 

as
 

in
te

rn
al

 r
ef

er
en

ce
w

rit
te

n 
by

 P
CF

 t
ea

m
 o

r 
ex

te
rn

al
 c

on
su

lta
nc

y 
w

hi
ch

 c
om

pl
ie

s 
w

ith
 

st
an

da
rd

s
Co

m
m

un
ic

at
io

n 
of

 t
he

 
ca

rb
on

 r
es

ul
t 

to
 

co
nc

er
ne

d 
st

ak
eh

ol
de

rs

Th
es

e 
st

ak
eh

ol
de

rs
 in

cl
ud

e 
in

te
rn

al
 

de
pa

rt
m

en
ts

 a
nd

 e
xt

er
na

l s
up

pl
y 

ch
ai

n 
pa

rt
ne

rs
, a

nd
 e

xt
er

na
l 

st
ak

eh
ol

de
rs

Th
is

 t
yp

e 
of

 P
CF

 s
er

ve
s 

th
e 

re
qu

es
t 

fr
om

 c
lie

nt
s 

or
 

cu
st

om
er

s

Th
e 

re
su

lt 
is

 r
ev

ea
le

d 
to

 
in

te
rn

al
 d

ep
ar

tm
en

ts
Th

e 
re

su
lt 

is
 r

ev
ea

le
d 

to
 

in
te

rn
al

 d
ep

ar
tm

en
ts

 
an

d 
ex

te
rn

al
 

co
ns

ul
ta

nc
y

Ve
rif

y 
th

e 
fo

ot
pr

in
t 

re
su

lt 
w

ith
 t

hi
rd

- 
pa

rt
y 

as
su

ra
nc

e

Th
er

e 
ar

e 
th

re
e 

le
ve

ls
 o

f 
as

su
ra

nc
e:

 
se

lf-
ve

rif
ic

at
io

n,
 o

th
er

 t
hi

rd
-p

ar
ty

 
ve

rif
ic

at
io

n 
an

d 
in

de
pe

nd
en

t 
th

ird
- 

pa
rt

y 
ce

rt
ifi

ca
tio

n

N
o 

ne
ed

 t
o 

ve
rif

y 
fo

r 
th

is
 

ty
pe

 o
f 

PC
F

N
o 

ne
ed

 t
o 

ve
rif

y 
fo

r 
th

is
 

ty
pe

 o
f 

PC
F.

 B
ut

 s
el

f-
 

ve
rif

ic
at

io
n 

ca
n 

be
 a

n 
op

tio
n

Th
e 

re
su

lt 
sh

ou
ld

 b
e 

ve
rif

ie
d 

by
 3

rd
-p

ar
ty

 
ve

rif
ic

at
io

n;
 T

he
 f

oc
al

 
fir

m
 s

ho
ul

d 
ga

in
 

in
de

pe
nd

en
t 

3r
d 

pa
rt

y 
ce

rt
ifi

ca
tio

n
D

et
er

m
in

e 
ca

rb
on

 
di

sc
lo

su
re

 t
yp

es
Th

e 
fo

ca
l f

irm
 c

an
 a

cc
re

di
t 

th
e 

re
su

lt 
bu

t 
do

es
 n

ot
 d

is
cl

os
e 

it
U

su
al

ly
 o

nl
y 

di
sc

lo
se

 t
o 

cu
st

om
er

s 
th

at
 a

sk
 f

or
 t

he
 

re
su

lt

Th
e 

re
su

lt 
m

ay
 b

e 
di

sc
lo

se
d 

in
 t

he
 f

oc
al

 f
irm

’s 
an

nu
al

 
co

rp
or

at
e 

so
ci

al
 r

ep
or

t, 
an

d 
di

sc
lo

se
 in

 s
om

e 
pr

of
es

si
on

al
 c

on
fe

re
nc

e

Th
e 

fo
ot

pr
in

t 
re

su
lt 

is
 

ce
rt

ifi
ed

 a
nd

 d
is

cl
os

ed
 

to
 t

he
 p

ub
lic

.

Re
du

ct
io

n 
pl

an
Se

tt
in

g 
re

du
ct

io
n 

am
ou

nt
 t

ar
ge

t, 
re

du
ct

io
n 

st
ra

te
gy

, 
an

d 
re

du
ct

io
n 

ac
tio

n 
pl

an

Ba
se

d 
on

 t
he

 f
oo

tp
rin

t 
m

ap
pi

ng
, 

fu
rt

he
r 

pl
an

s 
an

d 
an

al
ys

is
 f

or
 c

ar
bo

n 
pe

rf
or

m
an

ce
 im

pr
ov

em
en

t 
ca

n 
be

 
co

nd
uc

te
d

D
ue

 t
o 

us
in

g 
se

co
nd

ar
y 

da
ta

, 
th

e 
de

ta
ile

d 
so

lu
tio

n 
fo

r 
im

pr
ov

em
en

t 
m

ay
 n

ot
 b

e 
ap

pl
ic

ab
le

Se
t 

up
 r

el
at

ed
 r

ed
uc

tio
n 

pl
an

s 
ac

co
rd

in
g 

to
 t

he
 P

CF
 

re
su

lt

Se
t 

up
 r

el
at

ed
 r

ed
uc

tio
n 

pl
an

s 
ac

co
rd

in
g 

to
 t

he
 

PC
F 

re
su

lt

U
se

 f
oo

tp
rin

t 
re

su
lt 

to
 

dr
iv

e 
re

du
ct

io
ns

: 
ef

fic
ie

nc
y,

 d
es

ig
n,

 
an

d 
w

or
k 

w
ith

 
su

pp
ly

 c
ha

in
 

pa
rt

ne
rs

.

Em
is

si
on

 r
ed

uc
tio

n 
ac

tio
n

To
 g

ui
de

 t
he

 im
pr

ov
em

en
t 

ac
co

rd
in

g 
to

 f
oo

tp
rin

t 
re

su
lt

Th
e 

de
ta

ile
d 

in
fo

rm
at

io
n 

in
 

PC
F 

re
su

lt 
ca

n 
su

pp
or

t 
th

e 
de

ci
si

on
s 

of
 im

pr
ov

em
en

t 
pr

ac
tic

es

Th
e 

de
ta

ile
d 

in
fo

rm
at

io
n 

in
 P

CF
 r

es
ul

t 
ca

n 
su

pp
or

t 
th

e 
de

ci
si

on
s 

of
 

im
pr

ov
em

en
t 

pr
ac

tic
es

24 J. HU ET AL.


	A process-oriented model to measure product carbon footprint: an exploratory study based on multiple cases
	Abstract
	Introduction
	Literature review
	Product carbon footprint measurement
	Identification of the research gaps

	Methodology
	Within-case analysis
	Overview of the cases
	Case 1: Lenovo
	Case 2: Tsingtao Brewery
	Case 3: ZTE
	Case 4: Acer
	Case 5: AUO
	Case 6: Tungho Steel
	Case 7: BenQ
	Case 8: Dell
	Case 9: British Sugar

	Summary of within-case analysis

	Cross-case analysis and findings
	A Similar process framework across cases
	Stage one: Preparation
	Stage two: Scoping
	Stage three: Data collection
	Stage four: Footprint calculation
	Stage five: Interpretation and accreditation

	Process differences across cases

	Discussion
	New dimensions/stages to enrich PAS 2050 framework
	Different types of PCF measurement process
	Trial-oriented PCF
	Process-oriented PCF
	Market-oriented PCF


	Conclusion
	Theoretical contribution
	Practical implication
	Limitations and future research

	Acknowledgements
	Ethical approval
	Disclosure statement
	References


