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Businesses need to secure the continuity of their operations also in unforeseen events, 

where severe market disturbances are present. Risk assessments, including cost 

forecasting analyses, are needed to identify different types of risks in order to mitigate 

them. Furthermore, the carbon footprint of raw materials, production processes and 

products should be minimized, driven by the tightening legislation aiming to minimize 

climate change. The efforts needed can sometimes be costly e.g. regarding the 

modernization of existing production technology. However, these kinds of investments 

can be justified in enabling the utilization of renewable, recyclable materials and the 

minimization of waste streams. 

The objective of this doctoral dissertation is to describe how the calculation model being 

created by the author (A forecasting model of packaging cost, or FMPC) is suited for 

forecasting packaging costs within value chains in such above-mentioned situations. The 

cigarette packaging value chain has been selected for the case study; the functionality of 

the model has been demonstrated with certain scenarios focusing on the influences of the 

plain packaging legislation, which was first taken into use in Australia in 2012.  

The Design Science Research (DSR) methodology has been followed when designing, 

developing, and evaluating the FMPC. Even though the case study focuses on cigarette 

packaging, the FMPC has been created in a way that it can also be utilized for evaluating 

other types of packaging production processes and value chains, increasing its theoretical 

value. The empirical results illustrated in the scenarios are descriptive in nature as a real-

life production test arrangement-based evaluation is also needed. The design principles 

of the extended FMPC follow the same guidelines used in the earlier version of the model 

as its evaluation has been validated in the industry. The results of the research illustrate 

the advantages of the FMPC in increasing knowledge regarding the cost structures of the 

packaging value chains and in making the required risk assessments to support business 

decisions. Furthermore, by utilizing the output data, it becomes possible to forecast the 

carbon footprint of the selected production processes and raw materials enabling 

possibilities for minimizing their environmental load and related costs.     

Keywords: packaging, modelling, value chain, cost forecasting, technology selection, 

digital printing, sustainability, carbon footprint, risk assessment 
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1 Introduction 

1.1 Modelling supporting business continuity 

Today’s businesses can be challenged with sudden and sometimes long-lasting external 

threats, or crises. The consequences of such dramatic events can have severe influence on 

different parts of the value chains, enabling the need for new business models and 

financial support to ensure business continuation as reported by e.g. Seetharaman (2020) 

and Bartik et al. (2020). 

Brand owners are known to be looking for opportunities to gain competitive advantage 

over their competitors by investing in new cost-efficient production technology and 

utilizing recyclable bio-based materials replacing plastics when feasible. At the same 

time, consumers’ awareness of the environmental impact of their purchasing behaviour 

is increasing as stated by Joahi & Rahman (2015). 

Modelling can be used as an efficient tool for making in-depth analyses on the packaging 

production performance as studied by Wang et al. (2021). The results, i.e. the output data, 

of the analyses can also be utilized to support business continuity in occasions that are 

difficult to foresee. 

This doctoral thesis provides a study on the forecasting model of packaging costs (or 

FMPC) that has been designed for creating such scenarios within the packaging value 

chains. A case study on the tobacco industry focusing especially on the cigarette 

packaging value chain, known to be influenced by the plain packaging legislation, has 

been selected to demonstrate its capabilities.  

1.2 Background for the case study 

 

The tobacco industry has been one of the world’s most profitable industries in the past 

decades. According to the report from Fior Markets (2019), the global tobacco market is 

expected to reach USD 934.5 billion by 2026. Cigarette packages have traditionally 

played a key role in promoting the products, forming a link between consumers and 

tobacco companies. Packages have been used in consumer communication by utilizing 

certain graphical and structural design features, which make them attractive for the 

different target markets and consumer types. Fior Markets (2020) states that the tobacco 

packaging market is expected to reach USD 23.03 billion by 2027. 

Australia was the first country in the world to adopt the plain packaging legislation in 

2012 aiming to improve public health, as described by the Australian government’s 

department of health (2012). The aim of the legislation is to set standards on cigarette 

package appearance to limit their usage in marketing. Plain packaging has many impacts 
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within the cigarette packaging value chain in all levels involved. Because of the 

standardized appearance, tobacco companies can no longer compete by utilizing the 

appearance of the packages. There are a number of earlier studies available regarding the 

impacts of the plain packaging legislation (e.g. Moodie et al. 2013, Pottage, Alain 2013, 

Hoek et al. 2012, Gallopel-Morvan et al. 2012, Alcaraz et al. 2020, Evans-Reeves et al. 

2019, Mitchell et al. 2020). However, these studies have been focusing mainly on 

analysing the impact of reduced brand appeal in product marketing, and how consumers 

have received the appeal and attractiveness of the standardized packages. 

The current technology used in cigarette package manufacturing consists typically of 

high-speed machinery designed especially for long production runs creating the 

economics of scale in the production. Driven by the plain packaging regulations, the 

utilization of emerging technology, such as reel-fed inkjet printing, may become an 

interesting option offering additional advantages for improving production efficiency. 

However, the expected advantages might be compensated with the limitations related to 

e.g. the availability of suitable carton boards and higher ink prices increasing the 

complexity of the investment cost evaluations. Furthermore, as the consumers’ 

knowledge of the operations of the global value chains is known to be growing, 

companies are expected to mitigate both environmental and social risks. From the 

packaging industry perspective, this means that the entire lifecycle of the packaging must 

be taken into consideration to enable their suitability in recycling or composting processes 

resulting in the minimization of the carbon footprint. This creates a need for a well-

functioning model which can be used to evaluate the cost structures of the packaging 

value chains supporting business decisions. 

This research continues the earlier packaging cost modelling study by Ryynänen et al. 

(2011) where the suitability of digital printing in the packaging industry was evaluated. 

The scope of the research has now been extended significantly to cover the packaging 

value chains. Primary cigarette packages designed for consumer usage have been selected 

for the case study because of the above-mentioned reasons. 
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1.3 Objective and research questions 

 

The objective of this doctoral dissertation is to describe how the calculation model being 

created (A forecasting model of packaging costs, or FMPC) is suited for forecasting 

packaging costs within value chains in different occasions. 

The research questions of this study are as follows: 

RQ1: “Which advantages or disadvantages does the FMPC offer when evaluating the 

cost structures of value chains?” 

RQ2: “How can the FMPC be utilized when evaluating the advantages of different 

production technologies?” 

RQ3: “How can the FMPC be utilized to minimize the risks related to (un)foreseen 

changes in the business environment?”  

The main research methodologies used in this research are literature review and Design 

Science Research (DSR). 

Modelling requires combining five research traditions: value chain management, cost 

management, modelling, sustainability, and technology selection. The expected outcomes 

of the research include: 

a) Description of the variables needed for evaluating the packaging production 

costs at the value chain level, and the related cost analysis methods for executing 

the calculations. 

b) Description of how the forecasting model can be utilized to increase knowledge 

regarding the cost structures of the packaging value chains to support business 

decisions. 

c) Calculation of the carbon footprint of the packaging to understand the 

environmental impact of the operations. 

 

The positioning of the research is illustrated in Figure 1. It covers the intersection of three 

major research areas: value chain, cost management and technology selection, illustrating 

the area of the research gap in the middle as well. The research has been conducted from 

the perspective of cigarette packaging while plain packaging legislation forms the context 

for the research.  
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Figure 1. Positioning the research 

 

The database from Scopus (2022) was utilized to access data for searching the selected 

query strings covering the research objective. Scopus is the largest abstract and citation 

database of peer-reviewed scientific literature. The search covered all titles, abstracts and 

keywords of all available document types covering all available Scopus subject areas, as 

the number of documents matching the query strings of interest was found to be very 

limited, indicating there is a research gap in the current literature. 

As an example, when “Cigarette” was coupled with “pack*”, “value”, “chain” and 

“modelling” as illustrated in Table 1, it become evident that this query string only had a 

very limited number of search results in earlier research. Furthermore, based on the search 

results, utilization of the Design Science Research methodology is also very limited, 

especially regarding the modelling of the packaging value chains. 
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Table 1. Results of the Scopus search on the research subject (updated on 27th of July 2022). 

 

Query string Result 

pack* AND modelling 76757 

pack* AND value AND chain 6227 

pack* AND value AND chain AND modelling 428 

   

cigarette AND pack* 6460 

cigarette AND pack* AND model* 1371 

cigarette AND pack* AND value AND chain 17 

cigarette AND pack* AND value AND chain AND model* 6 

   

design AND science AND research AND model* 27474 

design AND science AND research AND pack* 2510 

design AND science AND research AND value AND chain AND model* 233 

design AND science AND research AND pack* AND value AND chain 31 

design AND science AND research AND pack* AND value AND chain AND model* 10 

 

Two additional searches from Scopus (2022) were executed to give an overview on the 

research surrounding the key areas of this study utilizing the query string “Pack*” coupled 

with secondary and tertiary key words. The results of the second and third Scopus search 

are illustrated in Table 2 and Table 3. 
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Table 2. Results of the second Scopus search (updated on 27th of July 2022). 

Query string Result 

pack* AND analysis 315492 

pack* AND process 190170 

pack* AND technology 122214 

pack* AND development 120391 

pack* AND value 110678 

pack* AND environment* 109230 

pack* AND cost 91578 

pack* AND evaluation 70311 

pack* AND production 62451 

pack* AND optimization 56728 

pack* AND substrate* 38859 

pack* AND waste 23632 

pack* AND convert* 21106 

pack* AND sustainab* 13850 

pack* AND printing 11020 

pack* AND logistic* 10323 

pack* AND innovation 8682 

pack* AND investment* 7564 

pack* AND folding* 5934 

pack* AND inkjet 1009 

pack* AND die-cut* 434 
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Table 3. Results of the third Scopus search (updated on 27th of July 2022). 

Query string Result 

pack* AND cost AND analysis 24977 

pack* AND cost AND model* 20628 

pack* AND process* evaluation 20033 

pack* AND technology AND management 14712 

pack* AND cost AND management 13563 

pack* AND cost AND production 11627 

pack* AND cost AND reduction* 9754 

pack* AND cost AND evaluation  7799 

pack* AND convert* AND perform* 6405 

pack* AND cost AND transport* 5497 

pack* AND technology AND selection 4422 

pack* AND print* speed* 2622 

pack* AND digital AND print* 2568 

pack* AND environmental* AND load* 2563 

pack* AND digital AND convert* 2354 

pack* AND equipment* AND selection 2079 

pack* AND transport* AND sustainab* 1345 

pack* AND circular AND economy 897 

pack* AND carbon AND footprint 850 

pack* AND plain AND cost 200 

pack* AND ink AND consumpt* 93 

pack* AND laser* AND die-cut* 29 

Based on the findings, it can be stated that regarding the packaging industry, there are 

areas where only very limited amount of research has been executed – e.g.  studies on the 

fiber-based packaging production costs at the value chain level in general, and especially 

regarding the production costs within the cigarette packaging value chains, when the 

design follows the plain packaging guidelines. Furthermore, it can be seen from the results 

that research related to the environmental load of the packaging has started to gain more 

attention within the past few years in terms of circular economy and carbon footprint. The 

reason for that probably originates from the tightening legislation regarding packaging 

materials, i.e. the use of plastics, such as the EU Single-Used Plastics Directive (or SUPD) 

proposed in 2018 and other related requirements, emphasizing the reduction of 

environmental impact regarding the use of different raw materials and lowering the end 

product’s carbon footprint. To cover these gaps in scientific knowledge, further research 

is needed regarding the evaluation of the packaging value chains by the means of 

modelling. 
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This research complements earlier studies regarding sustainable packaging design and 

packaging production. From the literature, multiple studies on sustainable packaging can 

be found. For example, Svanes et al. (2010) made a study focusing on sustainable 

packaging design describing a holistic methodology including combined systems of 

packaging and packaged products across the whole distribution chain from manufacturer 

to end consumer and the life cycle from raw material extraction to the waste phase. Rezaei 

et al. (2019) created a decision-making tool for the food-packaging industry for selecting 

optimal package designs from a sustainability perspective to ensure the sustainability of 

the whole supply chain. Furthermore, the authors of the study state that the tool can be 

used in various stages of new product development. Afif et al. (2022) made a systematic 

literature review on the drivers, barriers and performance outcomes of sustainable 

packaging. The results emphasize the importance of integrated packaging decisions at 

three different levels aiming to provide support by improving packaging sustainability 

and to provide a competitive advantage to the companies: [1] a vertical and horizontal 

integration between relevant stakeholders in their packaging decision-making process, [2] 

an upstream and downstream integration from raw material extraction to products’ end-

consumption until the point where packaging becomes waste aiming to ensure a fair 

distribution of packaging costs and benefits, and [3] a product-packaging integration 

between the packaging system and the packaged product to reduce the ecological 

footprint of product packaging. Furthermore, the authors emphasize the importance and 

need for further research on the collaboration and categorization of the stakeholders to 

implement sustainable packaging practices and to clarify the operational implications 

including different packaging systems. Decisions regarding packaging should also 

consider a broader set of decision criteria from different perspectives (e.g. consumer, 

regulator). Gladysz et al. (2021) studied the sustainable Industry 4.0 in the printing 

industry by executing interviews in the Polish printing industry. The results show that 

“advanced technologies have had a positive impact on sustainability in the analysed 

printing companies due to a higher awareness of sustainability”. Awareness and the 

importance of sustainability in the industry are stated to be driven partly by the increased 

awareness of consumers regarding the sustainability of the companies, while concerns are 

similar to those described in the literature on implementing new technologies. 

Furthermore, the authors of the study state that there are still large gaps in the scientific 

literature in this field of industry, and further mention that most of the available papers 

describe the concepts of sustainability and Industry 4.0 separately and do not sufficiently 

consider their relationship to each other. 

Only a limited number of studies can be found from the literature regarding cigarette 

packaging value chains. Hiscock and Bloomfield (2021) conducted a review on the 

processes, supply chain actors and supporting industries involved in tobacco production, 

including packaging. Zafeiridou et al. (2018) evaluated the global footprint of tobacco 

across its entire supply chain, including the necessary resources, wastes and emissions of 

the full cradle-to-grave lifecycle of cigarettes. Maulidah (2020) analysed the risks of the 

tobacco supply chains and formulated a risk mitigation strategy for East Java’s tobacco 

supply chain through a business process model approach. In this research, the cigarette 
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packaging value chain will be presented and discussed to illustrate how cost analyses are 

made. 

From the literature, multiple studies on the cost management and utilization of modelling 

in other industries can be found, e.g., A) TCO analysis; Jedliński et al. (2021) made a 

study on the utilization of cargo pallets in sustainable logistics processes including an 

evaluation of the total costs of the operations and identification of the activities increasing 

the cargo pallets’ service life, while reducing costs and the negative effects on the natural 

environment. Mandolini et al. (2017) assessed the total costs of industrial printing 

machines throughout their lifecycle to support the selection of the best procurement 

strategy. B) ABC cost analysis; Stašová (2019) compared the ABC method with the 

traditional cost allocation method used in the construction industry, pointing out the 

suitability of the ABC method for the industry, resulting in more accurate information on 

sub-costs. According to the authors, the negative aspects include an increased burden on 

the administrative apparatus, as the amount of data required for making the calculations 

was higher. Mahto et al. (2013) made a comparative analysis of the ABC method and 

traditional cost accounting. By utilizing the ABC method, the true costs of the automobile 

parts could be calculated, benefiting the company by increasing its sales and supporting 

production planning. C) Life-cycle costing; Jansen et al. (2020) demonstrated a method 

suitable for evaluating the environmental and economic performance of solutions 

developed for the circular building industry. Schmidt (2003) studied the utilization of 

LCC for minimizing the environmental impacts of the products in their design phase and 

the related restrictions. D) Target costing; Stadtherr & Wouters (2020) extended the 

traditional target costing method by introducing and testing a new cost management 

method covering also costs originated from R&D and product development, which are 

not normally included in target costing. Rattray et al. (2007) made a study on the 

utilization of target costing in New Zealand based manufacturing firms, suggesting there 

was a significant statistical relationship between a firm’s higher achievement of target 

costing and their performance level. E) Value engineering; Latif et al. (2020) made a 

study focusing on cost reduction in building projects by the means of value engineering. 

Three different options for the sustainable assets were studied utilizing multi-step 

processes of value engineering providing cost reductions without compromising the 

quality of the materials. Sharma et al. (2011) integrated target costing and value 

engineering methodologies into the Quality Function Deployment framework to facilitate 

a cross-functional product design and development process aiming to maximize value 

creation by effective cost management. F) Quality Function Deployment; Erdil et al. 

(2018) studied the utilization of QFD as a quality improvement tool in a case study 

resulting in major improvements in critical quality characteristics. Ginting et al. (2020) 

made a study on identifying the causes of waste of time and costs in the production 

process of bookshelves using the QFD method, resulting in an optimized product. G) 

Kaizen costing; Kelesbayev et al. (2020) studied the utilization of the Kaizen costing 

method to eliminate value-free activities aiming to increase sustainable profits by 

production loss reductions and by achieving savings in production costs. Abdulmouti 

(2018) studied the implementation of Kaizen costing in a car manufacturing plant 

highlighting the obtained advantages leading into business excellence.  
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This study extends the above-mentioned research and contributes to the research gap by 

demonstrating the utilization of the new FMPC model for evaluating the cost structures 

within the packaging value chains. Furthermore, the FMPC can be utilized for evaluating 

and minimizing the carbon footprint of the packaging value chains already in the 

packaging design phase. To minimize the carbon footprint of the packaging, new 

sustainable packaging production technologies, processes and materials are needed 

combined with optimized supply chain solutions. Packaging value chains should also be 

designed to enable business continuity in severe, sometimes long-lasting, external 

disturbances which might be difficult to foresee. Here, the FMPC provides a powerful 

means to evaluate packaging value chains in different operational circumstances. 

1.4 Structure of the research 

 

This thesis consists of six chapters and is structured as presented in Figure 2.  

 

 

Figure 2. Coverage of chapters 1–6 
 

The first chapter contains the background and objectives of the research, including 

research gaps and research questions. The second chapter contains the literature review, 

including findings from several literature sources on the research aspects. The third 

chapter introduces the research design, including the research approach and methodology. 
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The fourth chapter introduces an explanation of a typical cigarette packaging value chain 

and production process. The calculation model and variables being used are explained to 

give an overview followed with the presentation of the scenarios being created. The fifth 

chapter discusses the results and draws conclusions. The sixth chapter discusses the 

outcome of the thesis from a theoretical point of view. It also proposes directions and 

topics for future research. 
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2 Literature review 

 

The main objective of this chapter is to review literature regarding the different aspects 

of the cigarette packaging value chains consisting of two main areas. Firstly, the major 

theories on the research objective are covered. Secondly, a review of cigarette packaging 

specific topics is made. At the end of this chapter, a literature review summary is 

presented.  

2.1 Sustainability in packaging 

Sustainability is known to play an important role for companies operating in different 

industries. Companies must be able to measure and manage their environmental impact 

besides their operational and financial performance to lower the product’s whole lifecycle 

including its packaging.  

2.1.1 Definition of sustainability 

In terms of sustainability, there is no unanimously agreed upon definition. Companies can 

be environmentally sustainable if they use natural resources so that they do not overextend 

their capacity. For example, a company producing carton board should use natural 

resources, e.g. certified wood, only to the extent of their natural or artificial growth.  

A report published by the World Commission on Environment and Development in 1987, 

also known as the Brundland Report, defines sustainable development as follows: 

“Sustainable development meets the needs of the present without compromising the 

abilities of future generations to meet their own needs.”  

According to Warhurst et al. (2002), the progression of sustainability measured by the 

typical sustainable development indicators may differ from each other by the level of their 

progress or the time it occurs in. When looking at sustainability from a corporate 

perspective, Brown et al. (2015) state that the need for continuation on the systematic and 

critical debate concerning sustainability exists even though many questions have already 

been addressed. The consumers’ perspective on sustainability has been studied by Steg et 

al. (2014), stating that sustainable options may sometimes require people to sacrifice 

personal benefits, while the authors propose two basic ways to encourage people to make 

choices that are beneficial for the environment. In a study by Wiktorsson et al. (2008), 

the authors conclude that in order to achieve the total effect of lowering the environmental 

impact of operations, manufacturing processes should also be taken into consideration, in 

addition to the products and their transportation. 
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2.1.2 Competitive advantage by sustainability 

Competitive advantage can be originated e.g. from the uniqueness of the production 

methods providing increased production efficiency, or the savings achieved from the raw 

materials usage reduction aiming to lower the carbon footprint of the product. Multiple 

studies can be found from literature regarding competitive advantage covering different 

aspects. Goffin and New (2001) state that services such as customer support create value 

in many ways, increasing the successful development of the new products contributing to 

competitive advantage. According to Dennis et al. (2004), companies can support other 

companies and the customers by joining common networks. A study made by Hallikas et 

al. (2004) suggests that the benefits of co-operation between companies can be valuable 

in many ways, including that the focus can be set on the core competences while accessing 

new technologies and risk mitigation with other companies. Alonso-Muñoz et al. (2021) 

made a systematic revision of the literature, concluding that co-operation with customers 

and suppliers enhances the value obtained from differentiation and further increases 

competitive advantage. In terms of sustainable development in competitive advantage 

creation, the concept of circular economy enables a higher demand for data collection, 

integration and analysis as stated by Kristoffersen et al. (2021). Corral-Marfil et al. (2021) 

discuss the importance of recycling technology innovations and their utilization as a 

source of competitive advantage. 

2.1.3 Environmental awareness in the packaging industry 

The global packaging industry is known to have a great environmental impact originating 

from the scale of logistics, raw materials usage, and production processes. Different types 

of waste streams are generated, so understanding of the related environmental risks and 

responsibilities is needed. Typical environmental objects for the carton board-based 

packaging production include: 

- Inks, varnishes and other chemical wastes from e.g. cleaning solutions 

- Emissions originating from the solvents being used 

- Printing plates, paper and carton board waste 

- Energy consumption in the production processes 

- Fuel and noise from transportation 

Grönman et al. (2013) discuss the challenges related to food packaging along the product 

value chain. Figure 3 illustrates the numerous environmental challenges of the packaging 

value chains. 
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Figure 3. Challenges of packaging along the product value chain by Grönman et al. (2013) 

Silva and Pålsson (2022) made a systematic literature review on industrial packaging and 

its impact on sustainability and circular economy. The results illustrate the relevance and 

increasing level of interest regarding research on the environmental aspects of industrial 

packaging throughout supply chains. 

2.1.4 Life-Cycle Assessment 

Life-Cycle Assessment (or LCA) provides internationally agreed upon and measurable 

outputs that can help companies make meaningful environmental evaluations and 

decisions. Multiple studies can be found from literature regarding the usage of LCA in 

packaging. Lee and Xu (2005) made an overview of LCA in sustainable packaging and 

related regulations, stating that analyses should always be interpreted so that the 

technological and functional aspects of the packages are taken into consideration, 

especially when LCA analyses are streamlined and the results are used in decision 

making. Shen et al. (2010) made a research on the environmental impact of the utilization 

of virgin- and recycled PET fibres. Another comparison study was performed by Accorsi 

et al. (2015) where alternative uses of glass and PET bottles for an olive oil primary 

packaging were explored in the global supply chain. The results were categorized by their 

environmental impact, and multi-scenario analyses were performed to better understand 

the roles of different aspects. The findings of the analyses demonstrate the impact that the 

recycling of the used materials may have on the total outcome. 

Liu et al. (2021) and Zhan et al. (2021) discuss the complicity of the procedures related 

to the tracking of the products through a supply chain and properly allocating the use of 
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resources, emissions and wastes to various outputs. According to Piekarski et al. (2013), 

LCA can be utilized as a methodological tool to combine sustainability and 

entrepreneurship to reach greater competitiveness in business management and green 

innovation. Some of the LCA standards have been issued by the International 

Organization for Standardization (ISO) which covers not only principles and framework, 

but also requirements and guidelines for the assessment. ISO 14044 (2018) covers the 

requirements for conducting an LCA, including the critical review process and analysis 

of results for sensitivity and uncertainty. 

2.1.5 Sustainable Development Goals 

According to the United Nations Development programme (2019), the Sustainable 

Development Goals (SDGs) have been adopted by all United Nations Member States in 

2015.  SDGs are primarily targeted to the governments of all countries; however, it is also 

assumed that substantial contribution from different businesses and organizations is 

needed for achieving them and adding the most value. Khaled et al. (2021) report that 

SDGs encourage businesses to make an effort on sustainable development through their 

business practices and investments, reducing the related negative impact. To achieve the 

targets being set, progress must be managed by having proper metrics, reliable data and 

reporting available. The Agenda 2030 includes 17 Sustainable Development Goals and 

169 targets which must be implemented by all countries. Figure 4 illustrates the 17 SDGs. 

 

Figure 4. Sustainable development goals icons, adopted from the United Nations 

Development programme (2019) 

Criticism towards SDGs has been issued by e.g. Rothe (2020), Rocha et al. (2019) and 

Jabbari et al. (2020), discussing the prioritization across the targets and the indicators 

being used, which may differ from the traditional ones used in business reporting. The 

reliability of the data can also become a major issue suffering from errors and 

inaccuracies, or not meeting the international standards. Furthermore, criticism towards 

SDGs has been issued also on the special efforts needed to improve the data collection 

methodology to get reliable results. This may become very expensive due to the 

complexity of the subject. According to Killick and Wachenfeld (2015), a $2.5 trillion 

financing gap exists. 
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The indicators selected for monitoring SDG progress have been classified by the United 

Nations as “Tier 1–3”, where Tier 1 indicators are clear regarding the data collection 

methodology and set of standards being used. However, the United Nations (2021) reports 

that less than half of the proposed 232 indicators are included in the Tier 1 classification, 

leaving much room for uncertainty. SDG-related regular auditing is also used as a method 

to support accountability and governmental actions.  

Global businesses should not focus only on short-term strategies and profitability 

optimization but also consider longer-term consequences such as pollution and other 

severe environmental impacts. A study by Woodward et al. (2001) discusses the need for 

managing globalization in a way that potential health impacts can be minimized. Killick 

and Wachenfeld (2015) discuss the challenges of achieving sustainable economic growth, 

contributing also to the discussion on SDG partnerships between companies utilizing 

different business models. The SDG Compass (2019) discusses the role of sustainable 

partnerships, while also presenting a list of principles that apply universally to all 

companies. 

2.2 Technology selection in packaging 

The proper utilization of technological assets is known to be one of the key differentiators 

among companies. Making decisions on technology selection can be complicated, 

including high degrees of uncertainty, highlighting the need for analyses, and 

benchmarking. The utilization of modelling as a tool for forecasting the costs regarding 

technology selection in packaging has been studied in this doctoral dissertation. 

2.2.1 Research on technology selection 

Technology and material selection have been subject to research in several occasions. 

Chuang et al. (2009) suggest an operational strategy by using the QFD method. Kaspar et 

al. (2016) studied material selection regarding the product and production engineering 

integration framework. In his doctoral thesis, Farooq (2007) conducted a literature study 

regarding the technology selection frameworks in the manufacturing technology. Lipshitz 

& Strauss (1997) studied uncertainty in technology selection and how it had been handled 

in certain cases. The risk of losing the traceability of the benefits of the changes if too 

many parameters are changed simultaneously has been studied by Teece and Pisano 

(1994), stating that “[i]f many aspects of a firm’s learning environment change 

simultaneously, the ability to ascertain cause-effect relationships is co-funded because 

cognitive structures will not be formed, and rates of learning diminish as a result”. 

In the literature, there are several examples where modelling has been used in technology 

selection. Hung and Lee (2016) made a model suitable for integrating, evaluating, 

selecting, and improving new technology. Aloini et al. (2014) present a modified version 

of the decision-making method for packaging machine selection proposed originally by 

Boran et al. (2009). Huisman and Kort (2001) have studied the timing of technology 
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investments regarding the availability of improved technologies. Aloini et al. (2014) 

discuss the challenges of manufacturing companies to remain competitive in international 

markets. Hung and Lee (2016) discuss the importance of having a model suitable to be 

used in technology selection evaluations. 

2.2.2 Tobacco business and Foreign Direct Investments 

In this paragraph, the linkage between cigarette package production technology and 

related investments are discussed to justify their role in the scenarios being made in the 

latter part of the dissertation. 

Statistics Finland (2019) describes Foreign Direct Investments as a relationship between 

the direct investor and the direct investment enterprise. From the literature, many studies 

on FDIs can be found, e.g. Bialous & Peeters (2012) discuss about the increasing 

dominance of large tobacco companies within the last few decades. A study made by 

Rosa C. Sandoval (2017) discusses the economic impacts of FDIs, whereas Killick and 

Wachenfeld (2015) discuss the risks caused by un-developed infrastructure. After 

establishing business in new markets, tobacco companies aim to start building brand 

recognition utilizing different marketing methods to increase their market share against 

their competitors. As the plain packaging regulations prevent the traditional ways of 

marketing the products, tobacco companies must re-evaluate their strategy.  

Table 4 illustrates a summary of the economical motives of transnational corporations in 

host countries seeking new markets, resources, assets and efficiencies provided by the 

U.S. National Cancer Institute and WHO (2016). 
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Table 4. Host Country Determinants of Foreign Direct Investment. Adapted from U.S. 

National Cancer Institute and World Health Organization (2016). 

 

Besides regulating the appearance of the cigarette packages, cigarette consumption can 

be affected by tax increases. According to the study by Jha & Chaloupka (2000), tax 

increases, or price increases in general, have been proved to be leading to lower cigarette 

consumption. Tobacco companies’ FDIs are not always very successful. According to the 

study made by Drope et al. (2014) regarding such an approach made in the Philippines, 

the tobacco tax reform introduced during the time the FDI was executed resulted in the 

reduction of tobacco consumption and loss of competitive advantage. Another study made 

by Appau et al. (2017) discusses the impact of FDIs on cigarette prices in sub-Saharan 

Africa. According to the study, the effect of the trade liberalization on cigarette prices is 

only small or moderate, because there are so many factors outside its impact that have 

influence on the economic conditions of countries. The increase in the price has not been 

significant enough to make cigarettes less affordable. 
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In certain circumstances FDIs may have great impact on cigarette production and 

consumption as illustrated in Figure 5. Gilmore and McKnee (2005) studied the impact 

of investments in the former Soviet Union, highlighting the exponential rise seen in 

cigarette production since the 1990s.  

 

 

Figure 5. Cigarette production in the USSR/FSU, 1960–2001. Adapted from Gilmore and 

McKnee (2005). 

2.2.3 Conventional printing and converting technology 

Rotogravure printing is known to be used widely in cigarette packaging production, 

offering high printing quality required for the long production runs. From the literature, 

several studies regarding the rotogravure printing technology can be found, e.g. Bohan et 

al. (2000), Martorana (2006) and Xu (2007). The printing process typically consists of a 

cylindrical image carrier, impression cylinder, doctor blade and ink drying unit utilizing 

e.g. hot air as illustrated in Figure 6. The printing cylinder surface consists of engraved 

printing areas, or cups, which are deeper than non-printing areas. Ink is first fed into the 

ink storage tank, from where it is transferred to the printing cylinder surface and removed 

from the non-printed areas by the doctor blade. Ink is then moved to the substrate in the 

nip of the printing and impression cylinder giving the pressure needed. The printed ink is 

dried with hot air; each printed colour must be fully dried before the next colour can be 

printed (Angeli & Szentgyörgyvölgyi, 2015). 
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Figure 6. Principle of rotogravure printing. Adapted from Angeli & Szentgyörgyvölgyi, 

2015). 

Ink consumption has a direct impact on packaging production costs, and it may vary 

depending on the substrate, ink and printing cylinders’ engraving. In the doctoral thesis 

of Thorman (2018), ink consumption was studied in both monochrome and multilayer 

printing utilizing both laboratory and production scale flexographic printing presses. Due 

to the utilization of solvent-based inks, rotogravure printed substrates always contain a 

certain amount of residual solvents which may affect the sensory properties of the packed 

product as studied by Angeli & Szentgyörgyvölgyi (2015) and Aurela and Söderhjelm 

(2007).  

Packaging manufacturers must comply with existing legislation to protect the health of 

consumers. Related regulations include the Good Manufacturing Practice (or GMP), 

requirements generally applied to all materials, and the allowed overall migration levels, 

taking into account all process steps in production, transportation and storage. Also, the 

traceability of the materials is of importance and needs to be fully documented. 

Article 2 of the Council Directive (89/109/EEC) states the following on the GMP: 

Materials and articles must be manufactured in compliance with good manufacture 

practice so that, under their normal or foreseeable conditions of use, they do not transfer 

their constituents to foodstuff in quantities which might endanger human health, bring 

about an unacceptable change in the composition of the foodstuff or a deterioration in 

the organoleptic characteristics thereof.  

Cigarette package blanks are typically cut in a rotary die-cutting unit which can be 

integrated into the rotogravure printing press. Creasing lines used for folding the package 

from the designed position are created simultaneously with embossing. In the cutting and 
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creasing process, there are several key elements affecting the quality as stated by Brunton 

(2009) and Target (2016). One of the key features influencing the cutting quality and 

production costs is the wearing of the die-cutting tools which has been studied by 

Gecevska and Panjan (2007). The authors state that the process “wear” is an 

extraordinarily complex issue consisting of multiple phenomena such as abrasion and 

surface destruction. Similarly, the carton board type and composition, i.e. use of fillers 

and density, determine the wear. Figure 7 illustrates the wearing of the cutting blade. 

 

Figure 7. Pictures of new and worn cutting blades. Adapted from Gecevska and Panjan 

(2007). 

From the literature, quite a limited number of studies are available regarding the creasing 

and folding of multi-ply carton board. Nagasawa et al. (2003) studied the folding 

deformation of selected paperboards. Beex and Peerlings (2009) made a study on creasing 

and folding laminated paperboards. The utilization of simulation in the carton board 

creasing research has been studied by Giampieri et al. (2011). The challenges in 

conducting creasing and folding studies utilizing simulation have been studied by 

Mentrasti et al. (2013).  

2.2.4 Digital printing and converting technology 

Digital printing can offer better material efficiency compared to conventional printing 

because of its simpler make-ready process where a smaller amount of substrate is needed 

(Ryynänen et al., 2011). Viluksela et al. (2010) made a literature study on the 

environmental performance of digital printing. Table 5 summarizes the results of the 

SWOT analysis. 
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Table 5. Environmental impact of digital printing. Adapted from Viluksela et al. (2010). 

 

The utilization of digital printing for creating variable data makes it possible to customise 

packaging with e.g. different unique designs and language versions. From the literature, 

multiple studies can be found regarding the utilization of social media in marketing, e.g. 

Valos et al. (2016), Killian and McManus (2015), Batra and Keller (2016). Figure 8 

illustrates the utilization of digital printing and social media in mass versioning. Here a 

unique QR code is printed on each package, enabling their utilization as a link to 

additional marketing content aiming to improve engagement with the consumers. 
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Figure 8. Utilization of digital printing and social media in mass versioning. Adapted 

from the Smithers Pira Digital print for packaging US 2016 conference. 

The value of digital printing comes not only from package printing, but also from 

streamlining production by the means of e.g. inventory reduction, minimization of waste, 

and shorter lead times as stated by Ryynänen et al. (2011). The importance of the 

integration of marketing communications has been studied by Keller (2009), focusing on 

delivering a consistent message from different marketing channels and achieving targeted 

strategic positioning.  

The utilization of digital printing in packaging can be summarized as follows: 

Advantages: 

- Flexible changes in design utilizing variable data 

- Mass versioning 

- On-demand supply chain support 

- Cost-efficient production, minimized waste in the make-ready stage 

- Short set-up times by using print ready files 

- Releasing capacity for high-volume machines from small production runs in 

multi-press production 

- Digitally printed security features 
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Disadvantages: 

- Selection of suitable substrates, poor ink adhesion and need of priming 

- Insufficient printing quality compared to traditional printing 

- Lower productivity compared to conventional printing technologies 

- Cost of toner/ink may be higher 

- Developing technology, lifespan of printing presses 

In inkjet printing, droplets of ink are triggered from an inkjet nozzle driven by an 

electronic signal. Droplets may be emitted as a continuous stream or as individual drops, 

which are then directed onto the surface of the substrate, i.e. a moving web. The quality 

of inkjet printing depends on multiple aspects such as the inkjet head composition, ink, 

and substrate surface properties as studied by e.g. Gautero et al. (2019), Heilmann and 

Rusko (2010) and Roshanghias et al. (2019). In Svanholm’s (2007) doctoral dissertation, 

the ideal substrate characteristics for inkjet printing have been studied.  

Regarding the converting process, laser cutting is a well-known technology the utilization 

of which in the packaging industry has been studied since the 1990s. From the literature, 

several studies on laser cutting technology utilization can be found. As the speed and 

achieved cut quality of laser cutting are improving, the technology has potential for 

consumer applications in e.g. mass customization, leading into new business 

opportunities as stated by Happonen et al. (2015). Piili (2015) made a study on the 

interaction of CO2 laser cutting and paper materials. Stepanov et al. (2015) highlight the 

importance of the paper material itself on the quality of the laser cut end-product. 

Happonen et al. (2015) studied the opportunities of the utilization of CO2 laser cutting 

technology for cutting paper materials, and the advantages and disadvantages are 

presented in Table 6. 

Table 6. Advantages and disadvantages of CO2 laser cutting of paper material. Adapted 

from Happonen et al. (2015). 
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2.2.5 Cigarette packing machines 

Cigarette packing machines (or packers) typically consist of an arrangement of wrapping 

wheels (or “mandrels”) which are connected by a complex mechanism consisting of 

different synchronized sequential phases, transforming blanks and other necessary parts 

into ready-made packs holding the cigarette sticks as illustrated in Figure 9. The 

production speed of such machines can be extremely high and, depending e.g. on the 

package design, up to 1,200 packs/min. 

 

Figure 9. Principle of cigarette packaging machine. Adapted from United States Patent, 

patent number 4559758 (1985). 

Only a very limited amount of research has been published regarding cigarette packers. 

Zhao et al. (2021) made a study focused on the cigarette packages’ inspection system. Li 

et al. (2020) studied the innerliner’s conveying device and its improvement. Cai et al. 

(2017) made a study regarding the visual detection system of glue points. The study of 

Wang et al. (2016) focused on the monitoring and diagnosis of cigarette packers. Zhang 

et al. (2014) studied differential mandrel mechanisms. There are different types of 

cigarette packaging machines consisting of different mechanical solutions for certain 

package types. The known challenges influencing the productivity of such high-speed 

machines are described in the US patent 3948115 filed by Italian packer manufacturing 

company G.D.: 

a. Slippage: due to insufficient co-efficient of friction of the blanks which allows them 

to move   
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b. Clogging: partial or full blocking of the apparatus (i.e. nozzle) used to apply the wet 

glue 

c. Smearing: glue smears out from the glued seams getting machine and packs dirty 

d. Product loss due to stops: due to their complexity, machines need to be stopped often 

(typical unstoppable run time is 5–15 minutes) and, while stopped, semi-ready packs 

inside the machine must be removed as their gluing is not dry and there is a risk of 

getting them burned once touching a heated surface 

e. Placement of adhesive: mechanical elements should not get in contact with wet glue 

f. Amount of glue: difficult to control due to its viscosity and build up in the nozzles, 

glue application needs frequent maintenance. United Stated Patent and Trademark 

Office (2018)  

Another challenge described in Hauni-Werke Koerber and Co KG’s patent GB2131385A 

(1982), and which relates especially to high-speed machines, is the tendency of a blank 

to re-assume its original shape after folding (also called as spring-back) which may cause 

problems in gluing (Google Patents, 2018).   

Modern ultrahigh-speed cigarette packers are known to set very high requirements for the 

technical specifications and quality of carton board, and continuous production is greatly 

dependant on such properties as: 

- Flatness of the blanks 

- Co-efficient of friction 

- Glue adhesion 

- Low dusting tendency 

- Bending stiffness and stiffness ratio 

- Thickness 

- Grammage 

- Spring-back force of the creased tabs 

- Embossing recovery 
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2.3 Cigarette packaging 

The main purpose of packaging is known to be storing and protecting products so that 

they will not get spoiled or damaged during the required storing time. Cigarette packages 

can also be utilized for promoting and identifying products to build consumer 

relationships through their possession and usage. From the literature, multiple studies can 

be found focusing on the different aspects of packaging usage. Foxall et al. (1998) made 

a study on the consuming behaviour of consumers related to packaging. Engelseth (2007) 

studied the role of the package in logistics typically involving a great number of different 

stages. According to Gelici-Seko et al. (2013), the graphical design of a package should 

enhance the brand image, making it attractive when selling the product to the target 

market. Furthermore, packages, materials and consumables being used must be safe to 

use so that any harmful particles or chemicals should not get migrated into the product. 

This is controlled by different regulations and legislation to ensure the safe production 

and use of the product, including packaging waste as stated by Arvanitoyannis and 

Kotsanopoulos (2014). According to Kaufmann (2011), packaging communicates various 

marketing messages utilizing elements such as shape, size, colour, material, graphical 

design, and additional information being carried. Silayoi and Speece (2005) discuss 

package design highlighting product properties. Brinson (2008) studied the utilization of 

limited-edition packages aiming to increase sales.  

2.3.1 Brand image 

David Ogilvy was the first one to present the idea of a brand image (Ogilvy 1983), where 

a certain image is created for the product, and which will later be developed further. A 

certain personality or identity is created for the product by utilizing evocative design. 

From the literature, several studies focusing on customer brand engagement can be found, 

e.g. Patterson et al. (2006), Hollebeek (2006), Mollen and Wilson (2010), Matthews et al. 

(2021), Paramita et al. (2021). DiFranza et al. (2003) studied the role of package design 

in brand image creation. Foxall (2002) stated that consumers evaluate the products (and 

the brand) by the image it has, and the design used in the packaging plays a key role when 

the image is created. Cahyorini and Zalfiana (2011), Klimchuk & Krasovec (2006) and 

Sara (1990) discussed the role of graphical design in making purchasing decisions.  

The role of packaging and its functions in brand communications and consumer buying 

behaviour have been studied in several studies, e.g. Grundey (2010), Agariya et al. (2012) 

and Borishade et al. (2015). Keller (2009) and Mitul et al. (2012) studied the benefits a 

strong brand name can have in marketing. A study by Coles et al. (2003) suggests that 

package design should be ideally considered at the product concept phase, and marketing 

departments should be aware of the possible handling and distribution constraints when 

designing a total product concept. Packages should be able to protect the product even 

when their shape and design are formulated to fulfil market requirements. Product failures 

caused by inadequate protective packaging can get very costly to rectify. Foxall et al. 

(2006) studied the buying decisions of consumers, stating that “consumers will buy the 



2.3 Cigarette packaging 43 

cheapest brand within their repertoire of each product category although this is not always 

the cheapest of all the brands available”. 

2.3.2 Decoration of the packages 

Brand owners producing consumer products are known to be constantly looking for new 

ways to reinforce their brands with packaging design. According to a study made by Pang 

and Ding (2021), the shape of the packaging can be used to help with the recognition of 

the products and generate additional interest and a positive opinion. The structural 

features of packages, including their shape and size, have been studied on several 

occasions by e.g. Silayoi & Speece (2004) and Sherwood (1999). Simms & Trott (2010) 

discuss the different sizes of packages allowing consumers to select lower quantities and 

prices. Package size also contributes greatly to package convenience. Colour can be 

utilized as a source of information, and it has many functions in package design; different 

colours grab different levels of attention and have an effect on consumer judgments – a 

product can be identified by its colour in a time much shorter compared to words. Colours 

can be classified into warm, cold and neutral. They can be used to symbolize something, 

e.g. red and blue can be activating colours which could be relevant for impulse buying 

situations (Crowley, 1993). Colours can also be registered so other companies cannot use 

them in competition. Calver (2007) states that the impact of the colour can be very strong 

and concrete especially when non-verbal design is used. It can be part of brand identity, 

when the same colours are used for a certain brand for a long time. Colour can be used 

within the brand to separate products belonging to the same product family from each 

other, also giving colour symbolic meaning. Colours can be used to inform consumers 

about product quality, efficiency, taste or strength. Riley et al. (2015) discuss the 

importance of colours used in packaging to make consumers react on an emotional level. 

The role of tactile properties of various objects has been studied by Peck and Shu (2009). 

2.3.3 Cigarette packaging design 

The impact of cigarette packages in marketing has been studied by e.g. DiFranza et al. 

(2002), the National Cancer Institute (2008), Pottage (2013), and Smokefree Partnership 

(2015). Packages can communicate with consumers in many ways, and their utilization 

in marketing has been studied intensively by cigarette companies. Recently there have 

been studies to identify the efforts and findings of the cigarette companies utilizing 

research reports and marketing documents being now available as a result of court 

proceedings in the United States. Over 14M internal corporate documents can be found 

from the web pages of Truth Tobacco Industry Documents (2018) which have been 

permanently available since 2002. Lempert and Glantz (2016) studied documents 

provided by cigarette companies, resulting in information on colour association with 

cigarette flavours. Kotnowski and Hammond (2013) discuss the high level of research 

tobacco companies have conducted on packaging. Furthermore, based on the Truth 

Tobacco Industry Documents (2018), it can be seen that, especially since the 1970s, 

cigarette companies have put a lot of effort on consumer research focusing on the impact 
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of pack structures, sizes and opening styles. In Figure 10, tobacco industry documents 

since 1950 are illustrated by the decade to give an overview. 

 

 

Figure 10. Tobacco Industry documents sorted by decade. Adapted from Truth Tobacco 

Industry Documents (2018). 

Based on Figure 10, tobacco companies have been most active in the 1990s when the 

number of documents was over 5 million, while the number has dropped significantly in 

the 2000s. 

2.3.4 Plain packaging legislation 

Plain Packaging sets limits to the use of promotional information on cigarette packages. 

Brand and variant names are permitted but must appear in standardized fonts, sizes and 

positions. Packs must comply with relevant legal markings, i.e. selection of graphic health 

warnings, information about toxic constituents, and tax stamps. Based on the regulations, 

all packages now look the same; an example of such a package is illustrated in Figure 11. 

The definitions may also cover the standardization of pack shape, size, and method of 

opening. It may also prohibit perfuming, use of audio chips and inserts. Printing on 

interior surfaces and security markings remain allowed (Australian Government, 

Department of Health, 2021). 
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Figure 11. Example of a standardized cigarette package design, Pack conforming with 

2021 GB regulations. Adapted from Wee Creative for ASH (2021). 

Several studies can be found from the literature regarding the impact of standardized 

design, e.g. by Hammond (2010) and Moodie et al. (2012). McNeill et al. (2017) conclude 

that, based on available evidence, standardized packaging may indeed reduce smoking 

prevalence. Mitchell (2010) states that, according to tobacco brand owners, plain 

packaging may have a negative influence on the protection of intellectual property rights. 

The impact of plain packaging on the illicit trade of tobacco products has been studied by 

Chaudhry & Zimmermann (2012), summarizing the risks of implementing plain 

packaging as including: 

- Increased risk of counterfeiting of tobacco products as legitimate and illicit 

tobacco products are difficult to differentiate 
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- Costs and barriers of getting into the business will be reduced, e.g. start-up costs 

of creating an authentic-looking copy when pack design is not very complex 

- Most commonly counterfeited pack shapes are forced to be used by the law – a 

flip top box 

- Development and innovations of the package will be following the law, so the 

need to follow technical development will be lower 

- Reproduction of packs with minimum effort will benefit the economics of scale 

in production as there are only small differences in the packages making 

production more simple 

- Difficult to track down all sources of counterfeits, products are produced in a 

variety of places like developing countries and sold all over the world  

- Without brand owner start-up and ongoing operational costs, counterfeiting can 

be highly profitable 

- Improvements in technology have made it easier for criminals to hide their 

identities, communicate and get real-time information, utilize a low cost 24h 

market reach, replicate logos and packaging including reproduction of holograms 

and other genuine identifying marks 

According to Tobacco Induced Diseases (2021), 17 countries had adopted plain 

packaging in October 2020. Furthermore, many more countries have progressed plain 

packaging laws and regulations to varying extents.  

The Tobacco Products Directive 2014/40/EU (or TPD) is aiming to reduce the number of 

tobacco product users and to ensure that citizens across the EU be aware of the related 

harmful effects. From the literature, only a limited amount of research is available 

regarding the TPD and its impact, e.g. Simms et al. (2019), Girvalaki et al. (2020) and 

Zhou et al. (2019).  

2.3.5 Carton boards and pulps used in packaging 

Carton board is a commonly used raw material in different types of packaging. It usually 

provides good printing and converting properties while also having the strength needed 

to protect products in distribution and use. From the literature, multiple studies regarding 

carton board properties can be found, e.g. Holik (2013), Kirwan (2013), Koran & 

Kamdem (1989), Koubaa & Koran (1995), Vartiainen et al. (2014), Saadatmand et al. 

(2013), Vähä-Nissi et al. (2001). The most important strength properties for packaging 

boards have been studied by Coffin (2011).  
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The pulps used in carton boards are typically derived from different wood species which 

can be supplied from different geographical locations. Pulp type plays a significant role 

in defining the appearance and performance of the carton boards used in cigarette 

packaging. One of the most important stages in pulp preparation is the refining of the 

fibres, influencing the cellulose fibre characteristics and properties of the final carton 

board. The refining process and role of the related variables have been studied on many 

occasions, e.g.  Hirn and Schennach (2015), Gharehkhani et al. (2015), Motamedian et 

al. (2019), Koskenhely et al. (2005), Ek et al. (2009). Furthermore, Peltola et al. (2011) 

widened the scope of the wood fibre refining studies, focusing on the effects of refining 

the fibre morphology and biocomposite properties. The study shows that refining had a 

clear impact on fibre fibrillation, thus improving the mechanical properties, but had a 

negative effect on the mechanical properties of biocomposites.  

Regarding packaging waste, the Extended Producer Payment (or ERP) has been 

implemented in many countries to pay special attention on waste management covering 

the whole product chain. ERP is targeted to encourage suppliers to develop new 

sustainable materials causing less harm to the environment as stated by the OECD, 

Organisation for Economic Co-operation and Development (2021).  

Microbial purity is a very important aspect in all fibre-based packaging as microbes in 

carton board reduce its hygienic quality. The microbial count of carton board must remain 

strictly under the set levels to prevent contamination of the packed products. It is 

commonly known in the industry that the board machine’s wet-end and stock systems 

form a very favourable environment for bacterial growth, offering e.g. large surfaces for 

microbes to settle with warmth, food and oxygen. Microbiological growth originates also 

from the raw materials being fed into the system, i.e. water, starch, different types of 

fibres and chemicals. Bacterial growth causes not only a risk of process and product 

contamination, but also runnability problems due to biofilms as stated by Väisänen et al. 

(1998). Some of the bacteria, such as Legionella bacteria, may also cause a health risk for 

the production personnel. Microbial growth at the board machine is usually controlled by 

biocides dosed into the system as studied by Pirttijärvi (2000).  

2.4 Utilization of cost analyses methods 

2.4.1 Modelling utilization in cost analyses 

Several studies can be found from the literature where modelling has been utilized in 

forecasting the production costs covering different aspects and industries. Bottani and 

Montanari (2010) made a study on the Fast Moving Consumer Goods (FMCG) supply 

chain design and cost analysis through simulation. Guerriero et al. (2013) made a study 

focusing on the product allocation problem in a multi-level warehouse. Rybakov (2017) 

created a model for optimizing the total logistical costs of a trading company. In the study, 

a logistics system was analyzed, and major subsystems, logistic processes and logistics 

costs were identified to create a mathematical model covering the most substantial cost 
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elements. By utilizing the model, it is possible to optimize the total costs of the logistic 

systems. 

A model made by Škerlič et al. (2020) enables a comparison of the different packaging 

systems used in the automotive industry. Lis et al. (2020) conducted a literature analysis 

on sustainable supply chains to discover areas and emerging topics for scholars and to 

identify research gaps. In their research, it was recognized that there are some weaknesses 

in the quantitative co-word analysis approaches as e.g. keywords are missing in some of 

the publications.  Muha (2019) made a study on logistics cost management covering the 

time period from 1985 to 2018. Škerlič and Sokolovskij (2019) studied logistical costs 

throughout a product’s life cycle, including a literature review on the subject. García-

Arca et al. (2017) made a study focusing on packaging design and the improvement of 

supply chain sustainability.  

The specific methods of the cost analyses and their relationship with the FMPC are 

illustrated in Table 7.  

Table 7. Utilization of cost analysis methods in the FMPC. 

Cost analysis method Method's utilization in the FMPC 

Total cost of ownership 
Comparison of the conventional and digital printing 

and converting technologies. 

Life-cycle costing 

Calculation of the producer payment and carbon 

footprint to compare utilization of the different raw 

materials. 

Activity-based costing 

Evaluation of direct and indirect costs and their share 

of the total production costs. Influences of the changes 

in activities. 

Target costing 
Optimization of production processes and raw 

materials to achieve the set target price. 

Kaizen costing 
Optimization of the production costs by minimizing the 

timely and material waste. 

Value engineering 
Cost reduction evaluations e.g. by the means of source 

reduction. 

Quality function deployment 
Impact of plain packaging legislation on packaging 

costs. 
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From the literature, multiple studies can be found regarding cost analysis techniques. 

Cooper & Slagmulder (2004) studied the cost management of Olympus Optical, 

discussing the important role of five combined techniques in the company’s cost 

management approach. Wouters and Morales (2014) conducted a literature review 

regarding the methods of cost management in product development. Morales and Patricia 

(2016) made a study on the utilization of target costing, value engineering and Kaizen 

costing in the different phases of a product’s lifecycle. 

2.4.2 Total Cost of Ownership 

According to Ellram and Sifered (1998), total cost of ownership (or TCO) calculations 

cover the total cost of the purchased item, stating that “TCO clearly supports the value 

chain approach by considering the total cost of dealing with suppliers, such as internal 

and external costs of supplier selection, assessment, management and related factors, 

internal costs of application/use of purchased item, internal and external costs associated 

with disposal or failure of the product or service in application of in the field.” 

Wouters et al. (2005) define TCO as a method which can support purchasing 

organizations’ decision making by evaluating the total value of the products, besides 

being an extension to the ABC concepts and related tools. According to Degraeve et al. 

(2005), TCO calculations cover the costs regarding the purchasing and use of the 

components within the company’s value chain.   

TCO analyses are known to be suitable to be utilized e.g. as tools in production cost 

efficiency management, providing the information needed for purchasing decisions and 

driving the company’s quality improvement programs. In order to make TCO analyses 

by the means of modelling, a calculation model must first be developed including all 

relevant cost factors, as done in this dissertation. 

2.4.3 Life-Cycle Costing 

Life-cycle costing (or LCC) calculations are known to become increasingly important for 

companies and their brand images including social responsibility. Due to the globalization 

of businesses, products can now be manufactured in different geographical locations from 

the target markets, meaning that suppliers have to be able to offer knowledge of total costs 

for their customers, including all relevant cost elements through the lifecycle of the 

products. The total cost of a product comprises of several different elements beyond the 

acquisition costs, such as operational, maintenance and logistics costs, and the cost of 

recycling the product after it has been used. For the manufacturing companies, cost 

analyses are needed for understanding the competitive advantage of the suppliers against 

their competitors.  
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Asiedu & Gu (1998) discuss the importance of LCC calculations covering the total costs 

of the product during its lifecycle, stating that “[l]ife‐cycle costing analysis provides a 

framework for specifying the estimated total incremental cost of developing, producing, 

using, and retiring a particular item”. 

The outcomes of the analyses can be used e.g. in product sales arguments, TCO analyses, 

decision-making processes, and optimization of the product characteristics and raw 

materials. Terzi et al. (2009) classify the lifecycle of a product and production machinery 

in three main phases: 

• Beginning of life (BOL), including product design and production 

• Middle of life (MOL), including the real lifecycle of the product 

• End-of-life (EOL), recycling and disposal of the products 

2.4.4 Activity-Based Costing 

Activity based costing (ABC) introduced by Cooper and Kaplan (1988) is a cost 

calculation method known to be used widely. According to Wegmann (2009), ABC “is a 

refined cost system which enables classifying more costs as direct, to expend the number 

of indirect-cost pools and to identify cost drivers. ABC favors better cost allocation using 

smaller cost pools called activities. Using cost drivers, the costs of these activities are the 

basis for assigning costs to other cost objects such as products or services”.  In his doctoral 

dissertation, Korpunen (2015) utilized the ABC method in modelling the wood value 

chain in the forest industry. Production was first divided into separate processes, then the 

production costs of each process were allocated to products or services according to 

resource consumption. Finally, all process costs were summarized to calculate the total 

production costs of each cost object, resulting in means to evaluate the economic 

performance of the mills and to make comparisons suitable for e.g. process development. 

Knežević & Mizdraković (2010) highlight the need for having accurate cost accounting 

methods such as ABC to avoid situations where all overhead costs are not included in the 

total costs, concluding that “[i]n such situations, accurate cost accounting is required, and 

Activity-based costing suits this requirement the most”. Recent research within the ABC 

method include a review by Quesado & Silva (2021), summarizing that there is a growing 

trend seen regarding articles where ABC has been utilized. The research review of Durana 

(2019) highlights the suitability of the ABC method for making different types of cost 

analyses supporting its usage.  

2.4.5 Target costing 

Wijewardena & De Zoysa (1999) state that “target costing has been defined as a product 

costing system based on market-driven target costs. The target cost of a new product is 

estimated on the basis of a long-range profit plan and market price estimates. Usually 
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target costs are established somewhere between standard costs and allowable costs, which 

are determined by subtracting a target profit margin from the target price”. 

A study made by Ansari et al. (2007) suggests that, in target costing, new products are 

being developed aiming to fulfill customer requirements with a certain cost level while 

meeting the set profit targets. Hence, target costing is the opposite of cost driven 

development, where products are being developed with certain costs and just released to 

the markets assuming that consumers will purchase them. Furthermore, Al-Hattami et al. 

(2020) discuss the relative ease of using target costing while enabling a clear positive 

impact on the business.  

2.4.6 Kaizen costing 

In Kaizen costing, company management sets concrete targets for continuous cost-

reductions regarding the production processes enabling incremental improvements. 

Employees play an important role in utilizing their knowledge of the production systems, 

evaluating the situation, and finding new ways for improvements, such as cutting time 

and material waste. 

According to Monden & Hamada (1991), Kaizen costing refers to a system aiming to 

support the cost reduction process in the manufacturing phase of an existing model of a 

product. It consists of continuous accumulations of small betterment activities rather than 

major innovative improvements. “Therefore, “Kaizen costing” includes cost reduction on 

the manufacturing stage of existing products”. Modarress et al. (2005) made a study 

focusing on the utilization of Kaizen costing to further support the implementation of lean 

manufacturing.   

2.4.7 Value engineering 

The value engineering method can be used when the cost of a product is getting higher 

than the target cost and its value for the customer must be increased. Additional value can 

be achieved by modifying the product, i.e. by using alternative raw materials or cost 

efficient supply chain solutions, or by enhancing the manufacturing process so that total 

costs can be minimized without compromising product quality.  

Target costing and value engineering can be related to each other. Behncke et al. (2014) 

presented a model integrating target costing and value engineering. Dahooie et al. (2020) 

studied the utilization of value engineering in supply chain cost management to overcome 

the limitations being recognized.  

2.4.8 Quality function deployment 

Sullivan (1986) defines Quality function deployment (QFD) as “an overall concept that 

provides a means of translating customer requirements into the appropriate technical 

requirements for each stage of product development and production (i.e., marketing 
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strategies, planning, product design and engineering, prototype evaluation, production 

process development, production, sales)”. 

Quality function deployment (QFD) is known to have some level of similarity with value 

engineering. The method provides guidelines for the creation and development of cost-

efficient products in a structured way, while also considering customer requirements or 

“the voice of the customer”. Chan & Wu (2002) made a literature review of QFD 

development including its usage in different industries. 

2.5 Summary of the literature review 

The literature review covered multiple research reports and aspects regarding the theories 

and earlier research on the subject, being used as the “building blocks” for the calculation 

model. The earlier mentioned Scopus searches revealed a research gap in the public 

research regarding the utilization of modelling when forecasting packaging production 

costs within the value chains. This supports the need for conducting such a study. 

Analyses covering entire value chains are needed to understand the value-creating 

processes of companies to identify the major cost drivers and profit margins leading into 

value improvement. The major topics of the literature review are illustrated in Figure 12. 

 

Figure 12. Major topics of the literature review. 

The topics of the literature review being presented in Figure 12 cover the key aspects that 

have been taken into consideration when creating the FMPC, potentially influencing the 

total costs of the packaging within the value chain. The author of this study has not been 

able to find any earlier studies covering the same research scope from the existing 
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literature, indicating this study extends the research focused on the packaging industry 

value chains in general, possibly also opening new paths for future research. 
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3 Research design 

The main objective of this chapter is to demonstrate how Design Science Research 

methodology has been utilized when designing, developing, and evaluating the FMPC. 

The design principles of the FMPC follow the same guidelines used in the earlier version 

of the model which functionality has been validated in the industry.  

3.1 Research methodology 

In this research, the Design Science Research (or DSR) methodology of Hevner et al. 

(2004) is being utilized with evaluation strategies according to Venable et al. (2016). 

The plan was to evaluate the validity of the artifact, the calculation model, created for this 

thesis in three stages: 

1. Evaluation of the earlier version of the artifact in real-life package production 

2. Evaluation of the FMPC by utilizing different scenarios 

3. Evaluation of the FMPC in a real-life cigarette package production value chain 

The first evaluation stage took place in 2014 when the author visited a general packaging 

production factory. The validity of the earlier version of the calculation model created for 

the sheet-fed production process was evaluated in a real-life production test arrangement 

by inserting real production data into the model and comparing the outcome with the real 

production costs. As a summary, it can be stated that the earlier version of the model 

calculated production costs as expected with a very high level of accuracy, indicating that 

all key elements were taken into consideration and the outcome was in par with the real 

production costs, approving the correct design principles. 

Secondly, the scenarios made in this doctoral dissertation utilizing the FMPC simulate a 

realistic packaging production process within the cigarette packaging value chain. These 

ten different scenarios are used to evaluate and demonstrate the capabilities of the model. 

This evaluation presents the model’s suitability for forecasting the production costs when 

different production materials, processes and equipment are being used at the value chain 

level, resulting in realistic data suitable for supporting decision making in e.g. technology 

selection and risk assessment. 

Thirdly, the author of this study wishes that, in the future, there will be opportunities to 

test the FMPC in real-life cigarette packaging value chains. However, it should be noted 

that other types of packaging value chains are also suitable for this type of evaluation. 

The outcome of the third evaluation stage would give final validation of the functionality 

of the model and most preferably increase knowledge on its suitability for its targeted 

end-uses from different aspects. Communicating the results should open up further 

discussion, leading to suggestions on how the model could be developed in the future. 
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3.1.1 Design Science Research 

According to Hevner et al. (2004), Design Science Theory (or DSR) is a scientifically 

valid methodology aiming at the creation and evaluation of novel artifacts and design 

theories, providing solutions to problems or upgrading existing knowledge of the studied 

phenomenon. Furthermore, the authors define artifacts as consisting of “constructs, 

models, methods and instantiations”, ranging from algorithms to visualizations and 

textual descriptions of information systems (or IS) best practices.  

DSR has been used in many fields of science, including Industrial Engineering and 

Management covering this thesis. From the literature, multiple studies can be found on 

its utilization, e.g. Reymen et al. (2010), Daeuble et al. (2015), Carstensen and Bernhard 

(2019). The DSR Framework by Hevner et al. (2004) is illustrated in Figure 13. 

 

Figure 13. DSR framework. Adapted from Hevner et al. (2004). 

The DSR framework provides a means for creating novel artifacts when using Design 

Science Research. In this research, the Environment pillar located on the left in Figure 13 

containing “People, Organizations and Technology” originates from the cigarette 

packaging value chain, having the business need for the artifact being built and evaluated 

in the middle pillar containing “IS Research”. The Knowledge Base pillar on the right in 

Figure 13 contains “the Foundations and Methodologies” for designing the artifact, or as 

in this case, the calculation model. The methodology applied to the artifact is the “Data 

Analysis”, as different scenarios are used to demonstrate the model and its capabilities. 

The output of the artifact created for this study results in increased knowledge on the 
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existing knowledge base, while providing relevancy to the business needs of the 

international packaging business. 

In addition to the presented framework for the internal DSR process, seven guidelines 

have been proposed by Hevner et al. (2004) for conducting a DSR research. The 

guidelines can be freely selected; in this study, guideline 6 is not included whereas other 

guidelines have been identified and used. Table 8 summarizes these guidelines, including 

a short description of the ones used in this study.  

Table 8. Guidelines used in the research. Adapted from Hevner et al. (2004). 

Guideline Description 

1: Design as an Artifact Viable and purposeful artifact has been created 

2: Problem Relevance 
Solution for an important and relevant business 

problem has been created 

3: Design Evaluation 
Rigorous demonstration has taken place in a real 

package production process 

4: Research Contributions A clear and verifiable artifact  

5: Research Rigor 
Rigorous methods for constructing and evaluating the 

artifact 

6: Design as a Search Process Not included 

7: Communication of Research Will be presented in the published thesis 

 

The DSR utilization in this dissertation follows the process steps proposed by Hevner and 

Chatterjee (2010) as illustrated in Figure 14. 
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Figure 14. DSR utilization in this dissertation. Adapted from Hefner and Chatterjee 

(2010). 

3.1.2 Design evaluation 

Hevner et al. (2004) suggest that the viability of an artifact must be rigorously evaluated 

including metrics classified as “completeness, consistency, accuracy, performance, 

reliability, usability”. Table 9 represents the different knowledge base methodologies 

applied to the evaluation method, while demonstrating the different DSR evaluation 

approaches. 
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Table 9. Design evaluation methods. Adapted from Hevner et al. (2004). 

 

In this study, methodological rigor is established through the iterative creation and 

validation process. Venable et al. (2016) propose a framework to characterize the 

individual DSR evaluation episodes by two dimensions as presented in Figure 15. 

 

Figure 15. FEDS (Framework for Evaluation in Design Science) with evaluation 

strategies. Adapted from Venable et al. (2016). 



3 Research design 60 

According to Venable et al. (2016), the Framework for Evaluation in Design Science 

Research (or FEDS) has four main steps in artifact evaluation:  

1) Explicating the goals 

2) Choosing strategies for the evaluation 

3) Determining the properties to evaluate 

4) Designing the individual evaluation episodes 

Evaluation in this study is performed following the principles of Hentschel (2020) who 

adapted the design research methodology from Vaishnavi and Kuechler (2007) and 

extended the framework by specifically distinguishing between the demonstration and 

evaluation phases by drawing on Peffers et al. (2007). Figure 16 shows the overall 

research process. 

  

Figure 16. Six phases of DSR process, evaluation phase is still to be accomplished in real 

cigarette packaging value chain for this study. Adapted from Vaihsnavi (2007). 

 

Research started with phase 1: by creating the awareness of the problem, followed with 

the suggestion for design principles in phase 2 utilizing the knowledge obtained from the 

earlier version of the calculation model to address the identified problems. In phase 3, the 

mandatory design features were defined and implemented into the extended model for 

demonstrational purposes. In phase 4, the Framework for Evaluation of Design Science 

Research FEDS was adapted to the artifact utilizing the ‘Purely technical’ evaluation 

strategy by Venable et al. (2016) who defines it as follows: “Purely Technical strategy is 

used when an artefact is purely technical, without human users, or planned deployment 

with users is so far removed from what is developed to make naturalistic evaluation 

irrelevant. This strategy is similar to the Quick & Simple strategy, but favors artificial 

over naturalistic evaluations throughout the process, as naturalistic strategies are 
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irrelevant to purely technical artefacts or when planned deployment with users is far in 

the future.”  

The complexity level of the research subject has increased while conducting the research, 

starting from a typical sheet-fed packaging production process and finally covering the 

entire cigarette packaging value chain; hereby the evaluation purpose drifts from 

formative to summative. The feedback received during the evaluation phase will further 

assure the rigor of the research and can provide important knowledge for further 

development purposes. During the evaluation process, rather complex settings have been 

simulated in the ten scenarios. However, further real-life production test arrangement-

based evaluations are still needed to confirm that the calculations are correct. Thus, the 

results illustrated in the scenarios are descriptive in nature.  

3.1.3 Modelling of complex systems 

Modelling is known to be an efficient method for analysing the behaviour of complex 

systems. The advantages of modelling include the ease of evaluating potential time and 

cost savings by comparing different scenarios and timeframes. From the literature, several 

studies can be found regarding the usage of modelling in the packaging industry. Venditti 

et al. (2009) studied the scheduling of production orders in pharmaceutical packaging 

operations in a pharmaceutical production plant. Pecas et al. (2014) made a study on 

modelling aiming to support product design, materials and technology selection. Mourtzis 

et al. (2014) studied the evolution of simulation technologies concerning the time period 

from 1960 to 2014. Arguments against modelling are often related to the reliability of the 

results, which depends on the accuracy of the model itself and the tolerances of the 

variables being used. Williams (2013) highlights the importance of data collection where 

a lot of effort is sometimes required to ensure data validity. Sensitivity analyses can be 

utilized to examine the impact of changes as discussed by Horngren et al. (2012). Law 

(1991) discusses the negative aspects of modelling in terms of increasing its complexity 

level, which should be avoided, making its development costs too high and harming its 

user friendliness.  

A 12-step process of discrete event simulation is suggested by Banks et al. (2010): 

1. Problem Formulation: a description of the problem 

2. Setting of Objectives and Overall plan 

3. Model building: starting from a simple model and then increasing its complexity 

4. Data collection: utilization of reliable history data 

5. Coding: programming the model to a computer 

6. Verification: confirming program works correctly 

7. Validation: determining the accuracy of the outcome is sufficient  

8. Experimental Design: defining variables of interest 



3 Research design 62 

9. Production Runs and Analysis: analysing performance of the system designs 

10. Decide on More Runs: additional runs to be considered 

11. Document Programs and Report Results: sharing the knowledge on the simulation 

and results 

12. Implementation: utilization of the results in a real environment 

Furthermore, Banks et al. (2010) highlight the importance of a user interface for normal 

users, not just developers, in understanding the dynamics of the model in order to be able 

to utilize it. 

3.1.4 Modelling and risk assessment 

Risk assessment requires careful examination of what kinds of risks can be identified that 

may have potential to cause harm to the original plans. From the literature, several 

examples can be found regarding the analysis methods and techniques that have been 

developed. Modelling has been used in several occasions as a tool for making risk 

assessments, e.g. Aven (2016), Mohib & Deif (2020), Liu et al. (2018), Jacxsens et al. 

(2010), Zeleňáková et al. (2020). Terje (2016) highlights the need for having a stronger 

risk assessment platform for events with great levels of uncertainty and emerging risks.  

Hence, regarding such an emerging risk assessment scenario, the author of this study has 

selected the evaluation of the cost impact of changes in international carbon footprint 

prices to be included in the scenarios being created. By calculating the total carbon 

footprint, companies can evaluate the sources of their carbon emissions in detail and 

utilize the data when e.g. making investments that enable their reduction and removal. 

Commonly set bases are needed in international communications, however different 

standards and instruments normally apply. The different definitions for carbon emissions 

are described e.g. by Eurostat (2021), defining a carbon dioxide equivalent (or CO2-e), 

and carbon offset as described by the Carbon offset guide (2021). Measured Carbon 

offsets can be traded in international markets such as the EU emissions trading system 

(or EU ETS). According to the European Commission (2021), the number of emission 

trading systems is increasing. The prices of carbon emissions allowances are expected to 

grow as stated e.g. in Harward Business Review (2021). Such indications highlight the 

importance of forecasting the carbon emissions costs of businesses in the future, making 

the related risk assessments interesting and meaningful. The utilization of modelling as a 

tool for creating risk assessments related to carbon footprints is demonstrated in the last 

scenario of this dissertation. 
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3.2 Research data  

The sources of the information and data needed in this study include extensive research 

from existing literature and the Scopus database. The initial sources of the empirical 

information are the numerous persons collaborated with and interviewed during the years 

the author of this study has been working in the packaging industry as presented in Table 

10. These persons have obtained solid knowledge of the packaging industry by working 

in different companies and roles, including R&D management, technical customer 

service, sales management, purchasing management, production, and product 

development. Furthermore, persons from the printing, converting and packing machinery 

manufacturers and suppliers of different raw materials have also been included, forming 

different viewpoints to consider. The persons being interviewed typically have multiple 

years, sometimes up to several decades, of working experience especially in the field of 

cigarette packaging, providing the access to the information needed for creating the 

model.  

Table 10. Persons providing empirical information for the FMPC. 

 

 

This study demonstrates the capabilities of the FMPC in the different scenarios created 

in the latter part of this dissertation. The output data is known to be somewhat uncertain 

and descriptive in nature because it is partly based on the assumed input values presented 

in Appendix C. However, the best estimations were used to ensure that the scenarios 

remain realistic. Additionally, the number of input variables has been limited to some 

extend to simplify the model, to avoid it becoming too complex and detailed and thus 

influencing its user friendliness. Hence, the author has solved this issue by creating an 

open cost parameter named “other costs” which can be defined freely to cover the missing 

items, e.g., the IT system costs, summing up the costs that have not been specifically 

defined. It should also be mentioned that the FMPC has been designed in such a modular 

way that future modifications and extensions would be relatively easy to execute. 

 

 

 

Person Position Experience When Interview Discussions Length Topics Utilization of the information

Customer A Regional Purchasing Manager > 10a 2014 x x 3 hours

Customer B Regional Purchasing Manager >15a 2014 x x 3 hours

Customer C Category manager > 10a 2014 x x 3 hours

Customer D General Manager >20a 2014 x x 3 hours

Customer E Production Manager >30a 2014 x 2 hours Cigarette packaging production  Cigarette packaging production 

Customer F Purchasing Manager >15a 2015 x 5 hours Cigarette packaging production reguirements Cigarette packaging production, typical challenges, trials

Expert A Sales Director, carton boards >20a 2015 x x 10 hours Carton board business, cigarette packaging value chain Value chain mandatory elements, cigarette board customers

Expert B Sales Manager, cigarette boards >20a 2018 x x 10 hours Carton board business, cigarette packaging value chain, cost of inks Value chain, cost and usage of inks in cigarette packaging

Expert C Global TCS Manager, cigarette >40a 2014 x x 10 hours Cigarette packaging production and costs Cigarette packaging production process, cost of materials, machinery and tools

Expert D Global TCS Manager, cigarette >20a 2015 x x 40 hours Cigarette packaging production and costs Cigarette packaging production process, cost of materials, machinery and tools

Expert E TCS Manager, cigarette >20a 2015 x x 10 hours Packaging production and costs, typical issues Cigarette packaging production process, cost of materials, machinery and tools

Expert F TCS Manager, cigarette >20a 2015 x x 10 hours Packaging production and costs, typical issues Cigarette packaging production process, cost of materials, machinery and tools

Expert G Product Development Manager >20a 2015 x x 10 hours Carton board development in cigarette segment Requirements for the carton boards used in cigarette packaging

Supplier A R&D manager >20a 2015 x 2 hours Cigarette packaging machinery and production Calculations related to cigarette packing production

Supplier B R&D manager >20a 2015 x 2 hours Cigarette packaging machinery and production Calculations related to cigarette packing production

Supplier C R&D manager >20a 2015 x 2 hours Glues used in cigarette packaging, gluing process Calculations related to cigarette packing production

Supplier D R&D manager >20a 2015 x 2 hours Glues used in cigarette packaging, gluing process Calculations related to cigarette packing production

Substrate and supplier selection, cost analyses, supply chain 

optimization, technical customer support, product development

Customer business aspects, supply chain solutions, packaging production, 

customer needs, value chain level operations in different occasions
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4 Forecasting model of packaging costs 

The main objective of this chapter is to review the FMPC model illustrated in Appendix 

E. The literature review shows a lack of research for evaluating packaging costs especially 

when investments on new technologies and risk assessments are included in the 

discussion. To evaluate the impact of the changes regarding input variables in packaging 

production, case specific data, evaluation and modelling are needed. A complete 

mathematical model including all major cost parameters regarding the whole cigarette 

packaging value chain has been created to form a general view of the business 

environment. Over a 100 input parameters and relationships between them have been 

identified, followed by definitions of their interactions in more than 200 equations 

presented in Appendix A. The costs are calculated in 24 sub-groups, each focusing on 

certain areas. The costs of each sub-group are summed up for calculating the total cost of 

the production run. The share of each sub-group can thus be evaluated separately and 

used as the base for e.g. sensitivity analyses. At the end of the chapter, ten scenarios are 

presented to demonstrate FMPC utilization in different types of cases. 

4.1 Typical cigarette packaging value chain 

Porter (1985) describes the value chain as a basic tool for diagnosing competitive 

advantage and finding ways to create and sustain it. In a business context, the concept of 

value creation means that “something” valuable is created which gives additional value 

to the customer, who is then willing to buy the product. In practice, additional value can 

be a lower price or an additional feature which enables the company to sell its products 

more than its competitors. Lepak et al. (2007) and McPhee et al. (2006) discuss value 

creation and the purpose of the value chain and the related challenges. Value creation 

analyses can be used for strategic planning utilizing a company’s accounting data as 

studied by Myllärniemi et al. (2019). 

The value chain in cigarette packaging illustrated in Figure 17 typically comprises of the 

key processes, including carton board production, lamination (metallization), and the 

printing, converting and packing processes.  
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Figure 17. Typical cigarette packaging value chain. 

 

The production of the packages is driven by the sales forecasts influencing production 

plans, and carton board production at the mills is executed following certain production 

cycles. Production sites may be located in different geographical locations connected by 

different means of transportation. Ready-made packages are delivered to the retailers in 

corrugated boxes to be sold. 

4.2 Typical cigarette packaging production process  

The production process of cigarette packaging typically consists of multiple processes 

which can be executed in different geographical locations. The main raw material used 

for the consumer packages is usually carton board provided in reels. For different 

cigarette brands, different types of carton boards can be used. The typical process steps 

in cigarette packaging production are illustrated in Figure 18. 
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Figure 18. Typical process steps in cigarette packaging production. 

The process begins with carton board production at the mill, followed by the protective 

wrapping of the reels (or sheets) for transportation. Regarding premium cigarette brands 

in particular, reels can be sent first to the laminator to get metallized prior to their printing 

to give an outstanding appearance, different foil types and lamination processes can be 

used. As the film thickness might be only a few micromillimeters, all kinds of surface 

quality defects, such as scratches or blade lines, are easily visible causing the rejection of 

the material. After the lamination process, reels are sent to the converter where they are 

stored in large environmentally controlled warehouses to ensure that the board moisture 

and temperature remain in the optimal range for achieving good printability and 

convertibility. Brand design is usually printed in high-speed reel-fed rotogravure printing 

presses consisting of multiple printing units and dryers for each colour. In sheet-fed lines, 

traditional offset printing is commonly used. Protective or special varnish layers can be 

spread on top of the image, giving the required appearance and tactile properties. 

Debossing and embossing are also widely used in the decoration of the packages and 

when creating the writing for the visually impaired (the braille). 

Blanks are cut from the reels using a cylindrical die-cutting unit which is typically 

integrated into the rotogravure printing press. This arrangement saves processing time as 

there is no need to move the reels between the machines. Creasing lines needed when 

folding the packages into their final shape are created with the same die-cutting cylinder. 

After die-cutting, waste surrounding the blanks is removed and collected into a waste 

handling system. The blanks are then piled and packed into the corrugated boxes to be 

sent over to the brand owners. 
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At the brand owners’ production facilities, the blanks are first stored in environmentally 

controlled warehouses. The packages are formed using dedicated ultrahigh-speed 

packaging machines which, depending on the package design, can run up to the speed of 

1,200 packs a minute. At the cigarette packer, the typical process is that blanks are fed 

one-by-one and assembled around a bundle of cigarettes thus forming a package which is 

glued together. Depending on the package design, the process may include other elements 

as well, such as the use of innerframes to give alternative support or adding inserts. 

Aluminium foiled paper (or alu-paper) can be used as a barrier material for ensuring the 

freshness of the cigarettes. At the final stage of the process, tax labels are attached, and a 

protective polypropylene film wrapping is applied on the packages finalizing the 

individual sales units. The packages are placed in cartons including e.g. 200 cigarettes 

and further to the master cases of 10,000 cigarettes made of corrugated board. Finally, 

the master cases are shipped to the distributors and retail stores. 

4.3 Principle of calculating the production costs 

A definition of the input variables is needed for creating the model and analyses. The 

input values used in the calculations should be realistic; in the FMPC their value can be 

chosen freely depending e.g. on the production technology being used and the package 

design, offering high levels of flexibility for making different evaluations. 

Cigarette packaging lines typically consist of a series of multiple processes having 

different stages. One or multiple machines can be used parallelly, and production stages 

can be separated from each other and executed e.g. in different geographical locations 

creating a complex value chain. The costs for each production batch are calculated 

separately. Firstly, direct costs are calculated by defining the variables of the production 

system investment, including the operational costs. Secondly, the variables for each 

production batch are defined case-by-case. Finally, the direct and indirect costs are 

summed up to present the total production costs of a production batch. Table 11 illustrates 

an example summary of the total costs. Here, the carton board cost is included in the 

metallized carton board costs. 
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Table 11. Example of the production costs (€) of a production batch of 2 million packages. 

 

Production costs     

   
Metallized board  24772 

Carton board   0 

Packer runtime  8282 

Transportation  6027 

Alu-paper  3763 

Inks  3665 

Printing cylinders wearing  3352 

Producer responsibility payment  2901 

Press and die-cutter runtime  1670 

Substrate waste  1346 

Die-cutting cylinders wearing  1143 

Glue  883 

Packer downtime  828 

Corrugated packages  784 

Varnishes  746 

Tax labels  674 

Press and die-cutter changeover time  645 

Consumables waste  425 

Packer changeover time  387 

Embossing cylinders wearing  190 

Press and die-cutter downtime  152 

Innerframes  121 

Varnishing cylinders wearing  54 

Primer  0 

   

Total cost (€)  62812 

 

Once the results are ready, data on sub-processes, i.e. changeover times, runtimes and 

downtimes, can be evaluated in detail as illustrated in Table 12. 
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Table 12. Example of the production times and costs, illustrated by total time (h), production 

cost per hour (€/h) and total cost (€). 

 

Production times and costs   

  

Press and die-cutter changeover time 2,5 

Press Runtime 6,5 

Press Downtime 0,6 

Packer changeover time 1,5 

Packer Runtime 35,3 

Packer Downtime 3,2 

  

Total time needed (h) 49,6 

  

Production cost per hour (€/h) 1266 

  

Total cost (€) 62812 

 

The FMPC includes more than 200 equations and over a 100 input values which are 

arranged into sub-groups, each covering a certain area of interest. There are altogether 16 

different sub-groups existing for the input variables, and 24 sub-groups for calculating 

the separate cost parameters which are presented in detail in chapters 4.4 and 4.5. The 

FMPC has been created so that the equations are often interlinked with each other. The 

advantage of this arrangement is that it enables the evaluation of the influence of one or 

multiple variables simultaneously. Each variable can be changed independently to see its 

impact on the total costs. The input variables are fed in a numerical form allowing the 

model to be utilized for comparisons between different production technologies. The 

same flexibility is available also when selecting raw materials, making it simple to change 

e.g. the grammage of the substrate or to design specific features to see their impact on the 

total costs. The major items included in the calculations are illustrated in Figure 19. 
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Figure 19. Major items used in the FMPC cost calculation. 

 

A general description of the cost calculation for a certain production batch follows: 

Direct costs 

The calculation begins by defining the direct costs for the production assets. The 

production process includes a cigarette packaging production line consisting of one reel-

fed printing press equipped with an inline rotary die-cutting unit and a cigarette packer.  

Direct costs cover the investment for each machine separately, utilizing the prices and set 

depreciation times.  

Operational costs include variables such as production facilities, operators, electricity 

price, energy consumption, and service. The direct costs for each machine are converted 

into monthly and further into hourly costs. Hourly costs are used when calculating the 

share of direct costs for each production batch depending on the length of the batch and 

total production time. 

  



4 Forecasting model of packaging costs 72 

Indirect costs 

Each input variable for specifying production batch characteristics can be set 

individually: 

– Number of blanks: Size of the production batch. 

– Production variables: Changeover times, production speeds and uptimes for each 

machine.  

– Size of the rotary die-cutter: Rotary cutting tool dimensions and the number of 

blanks (or ups) for each impression.  

– Carton board: Price and grammage. The total area of the carton board is first 

calculated and then converted into total weight and further to cost per ton.  

– Innerframes and innerliners: The costs of the innerframes and innerliners are 

calculated based on their sizes and grammages and converted to cost per ton. 

– Metallization: The cost of metallization is linked to the cost of carton board, e.g. 1.5 

times the cost of carton board for the sake of simplicity. The weight of the foil is 

defined for calculating the related transportation costs. 

– Material waste: Material waste for each substrate and consumable type is calculated 

separately by set percentages. The weight of the waste is further converted into cost. 

– Transportation: Each leg from the mill to the brand owner has been set the same to 

simplify the calculation of transportation costs.  

– Producer payment: The costs are calculated by total material consumption and 

weights utilizing the set geographical location-specific costs. 

– Tax labels: The cost of the tax labels is calculated with a calculation model similar 

to the one created for the sheet-fed production lines, utilizing the price and 

grammage of the label paper being given. 

– Consumables: The cost for the inks is calculated utilizing the total area of the carton 

board and defining ink consumption, ink coverage and the price separately for each 

printing tower being used. Varnishing costs are calculated in the same way.  

– Gluing: At the cigarette packer, the gluing costs of the packages are calculated based 

on glue price and consumption. 

– Tool wearing: Tool wearing costs for the printing and varnishing cylinders and die-

cutting tools are calculated by the impressions needed for the job versus their 

maximum number before the need for re-sharpening or changing them. 

– Corrugated boxes: The costs for the corrugated boxes are calculated by the required 

number of master boxes, their area, material grammage and price.  

 

Finally, all indirect costs are summed up and added to the direct costs to achieve the total 

costs for the job. It is also meaningful to evaluate long-term costs by combining the results 
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of different scenarios to cover a production cycle of e.g. one year. Once the data is 

available, it is possible to create scenarios focused on e.g. how to optimize the overall 

production costs and usage of the materials within the value chain. 

4.4 Classification of the input variables 

The input parameters are classified into 16 main sub-groups which are illustrated in Table 

13. The content of each sub-group used in the calculations is presented in Appendix B. 

Table 13. Input parameters of the FMPC presented in 16 sub-groups. 

 

Inserted values Abbr. Explanation 

Production batch I1 

The production batch sub-group includes all major job 
parameters such as number of blanks, machine speeds, 
uptimes and changeover times for production time calculation. 
By defining the die-cutting cylinder size and number of blanks 
made in one rotation, the usage of carton board can be 
calculated in the latter phase. The utilization of different 
consumables is also considered in this sub-group, including 
the percentage of waste, and this data is used as input for 
transportation and producer payment cost calculations.   

Printing press and die-
cutter 

I2 

Printing press and die-cutter-specific parameters include the 
costs related to machine investments and operations. Here 
the machine type is not limited so e.g. both conventional and 
digital printing/converting can be used for drawing 
comparisons. The author has decided to use the parameter 
Other costs for covering items that are not separately defined 
in the model. This is to keep the number of variables at a 
reasonable level while having the possibility to have all major 
cost parameters included. 

Cigarette Packer I3 

Cigarette packer input parameters include the definition of the 
prices related to machine investments and operations. The 
principle of calculation is the same for printing press, die-
cutter and packer to simplify the calculations. In case multiple 
machines are used, there is no need to change the model but 
only the values making the usage of the model easier. 

Transportation I4 

In the transportation sub-group, reel length is the only input 
parameter needed and used when calculating the number of 
reels. Other substrate related data is inserted in the Production 
batch table. 

Alu-paper I5 
For alu-paper, frame size is needed for the calculations; the 
grammage of the paper and foil is given in the Production batch 
sub-group. 

Tax labels I6 

In this thesis, in terms of simplifying the model, the author has 
made the decision to calculate the cost of labels utilizing a 
separate calculation model which is designed for the sheet-fed 
production environment. Here conventional offset printing and 
converting was used, and input values were chosen to be 
realistic. Only the paper grammage used for the labels can be 
defined separately. 
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Table 13. Input parameters of the FMPC presented in 16 sub-groups, Continued 
 

Innerframes I7 

For calculating the cost of innerframes of a single package, 
carton board price and grammage are needed combined with 
information on flap size. Carton board is delivered in narrow 
reels, the width of which is defined by the packer being used. 

 
Ink and primer 

I8 

When calculating the costs of ink and primer for different 
package designs, each printing tower has separately defined 
values. In this model, the printing press can consist of up to 
eight printing towers and one which can be used for priming. 
Besides ink and primer prices, their coverage and consumption 
data are needed depending on e.g. the substrate being used 
and the print job design. 

Varnish I9 

Varnish usage calculation follows the same principle as inks 
and primer. In this model, there is an option to use a maximum 
of two varnishing towers for e.g. spot and full coverage 
varnishing. 

Cigarette packer glue I10 
The cost of the glue used when sealing the packages at the 
cigarette packer is calculated based on its price and 
consumption. 

Printing tools I11 

In printing production, tool wearing is the key item to consider 
besides their purchasing costs. After wearing out, rotogravure 
printing cylinders can be re-treated, i.e. chromed instead of 
purchasing new ones, saving overall costs. 

Varnishing tools I12 
The varnishing cylinder has a limited life span similar to printing 
cylinders; here the cylinder price includes all necessary tools to 
simplify the model. 

Die-cutting tools I13 
Die-cutting tools wear out and after that they need to be 
renewed or sharpened. Wearing speed is defined by setting a 
number of impressions before sharpening is needed. 

Carton board metallization I14 
In terms of simplicity, the author has decided to calculate the 
cost of metallized carton board by multiplying the cost of 
carton board by suitable extension. 

Embossing tools I15 

Embossing tools wear out and need to be replaced with new 
ones. Wearing speed is defined the same way as for die-
cutting tools, by setting a number of impressions before 

sharpening is needed. 

Corrugated packages I16 

Corrugated packages are needed firstly for the blanks when 
transporting them to the packing facilities. Secondly, 
corrugated packages are needed for cigarette packages when 
they are being distributed to the retailers. Here the information 
on box sizes is used together with corrugated board 
grammages to calculate the related costs. 

 



4.5 Classification of the cost parameters 75 

4.5 Classification of the cost parameters  

Production costs are divided into 24 sub-groups which are illustrated in Table 14. Each 

sub-group focuses on a specific area starting from machine investments and their direct 

operational costs. Indirect costs are added, including the usage of consumables, 

transportation costs and waste being generated. Producer payments specific to 

geographical location are calculated based on the usage of substrates. By summing up the 

costs of each sub-group, the total costs are calculated. 

 
Table 14. Cost parameters of the FMPC presented in 24 sub-groups. 

 

Calculated sub-cost parameters Abbr. Explanation 

Printing press investment C1 

Printing press investment related input 
values are used when calculating the total 
investment cost and the monthly 
depreciation cost. This value is used when 
calculating the hourly fixed cost of the 
printing press investment with other fixed 
hourly costs added to calculate the total 
investment cost per hour. 

Converting cost C2 

Printing and die-cutting costs are calculated 
first by calculating the changeover cost 
utilizing the given changeover time and by 
calculating the hourly machine cost. Then 
production time, including downtime, and 
the production of waste material is 
calculated, which is converted into cost by 
using hourly cost. 

Cigarette packer investment C3 

The fixed hourly costs of cigarette packer 
investments are calculated from the total 
investment cost and then summed up with 
other fixed hourly costs to get the total 
investment cost per hour. 

Packing cost C4 

Cigarette packer production costs are 
calculated first by calculating the 
changeover cost, utilizing the given 
changeover time, and by calculating the 
hourly machine cost . Then production time, 
including downtime, and the production of 
waste material is calculated, which is 
converted into cost by using hourly cost. 

Carton board cost C5 

The total area needed for the job is 
calculated based on the set rotary die-
cutting tool area, the number of blanks 
produced in one revolution (or Ups) and the 
revolutions needed to get the required 
number of blanks. The area of waste is 
added into the calculations. The total area is 
then converted into weight so that the total 
cost of the carton board can be calculated. 
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Table 14. Cost parameters of the FMPC presented in 24 sub-groups, Continued 

Transportation cost C6 

Transportation cost calculation begins by 
defining the number of reels based on the 
total length of the carton board in the die-
cutting width and ordered reel length. Then, 
the transportation cost for the deliveries is 
defined using the total weight. The total 
transportation costs are calculated by 
summing up the costs of each transfer. 

Alu-paper cost C7 

Alu-paper frame size is used to calculate the 
total area needed, including waste. Based 
on the weight set for the paper and alu-foil, 
the total weight is calculated to calculate the 
total cost, utilizing the price of the given 
laminated paper. 

Tax label cost C8 
Tax label cost is calculated using a separate 
calculation model which, in terms of 
simplicity, is not described here. 

Innerframe cost C9 

Innerframes are used in flip-top packages to 
give extra support to the package 
construction. The innerframe area is 
calculated to be able to calculate its weight. 
Waste material is added, and then material 
cost is calculated. 

Producer payment cost C10 
Producer payment is calculated for each 
material based on its weight. The total cost 
is calculated by summing them up. 

Ink and primer cost C11 

Ink (or primer) consumption for each tower 
is calculated following the same guidelines. 
Firstly, ink usage is calculated based on the 
given consumption, then the amount of ink 
waste is added to the value. Ink cost is 
calculated based on the weight of the 
consumed ink and its coverage. 

Varnish cost C12 

Varnish consumption calculation follows the 
same principles as used for calculating ink 
consumption and cost. Varnish usage is 
calculated based on the given consumption, 
then the amount of waste is added into the 
value. Varnish cost is calculated later based 
on the weight of the consumed varnish and 
its coverage. 

Packer glue cost C13 

Cigarette packer glue cost is based on the 
glue cost and the given consumption 
figures. The amount of glue is calculated, 
including waste, and converted into cost. 
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Table 14. Cost parameters of the FMPC presented in 24 sub-groups, Continued 

Board metallization cost C14 

Here the author has simplified the model so 
that the cost of metallized board is 
calculated based on the carton board price 
and multiplying it by a given value. 

Consumables cost C15 

Total ink, varnish and primer costs are 
calculated by summing them up from each 
used tower. The cost of the glue is added 
here. The costs of consumables waste 
follow the same principles. 

Printing tools cost C16 

The price of a complete printing tool set is 
first calculated by summing up the prices of 
the printing cylinders, doctor blades and 
impression rollers. Then the share of tool 
wearing for each job is calculated based on 
the number of impressions needed and the 
max. amount of impressions the tools are 
set to last. 

Die-cutting tools cost C17 

The total cost of die-cutting tools is first 
calculated, including a spare set. Then the 
share of wearing is calculated based on job 
length and the given maximum number of 
impressions before the tools wear out. 

Varnishing tools cost C18 

The total cost of a varnishing tool set, 
including a spare set, is first calculated. 
Then the share of wearing is calculated 
based on the number of impressions 
needed and the given max. number of 
impressions before the tools wear out. 

Embossing tools cost C19 

Firstly, the cost of a total embossing tool set, 
including a spare set, is calculated. Then the 
share of tool wearing is calculated based on 
the impressions needed and the given 
maximum number of impressions before 
wearing out.  

Corrugated packages cost C20 

The cost of corrugated packages is 
calculated based on the given values, 
including the number of cartons in one 
corrugated package, package size, 
corrugated board grammage, and price. 
Then the same calculation is repeated for 
the blanks so that the total cost, including 
waste, can be calculated. The total cost of 
corrugated board is calculated by summing 
up the costs of all necessary packages.  
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Table 14. Cost parameters of the FMPC presented in 24 sub-groups, Continued 

Materials and consumables waste cost C21 

For calculating material waste, the weight of 
each waste type is first used to calculate its 
cost based on its given price. Then these 
costs are summed up. Consumables waste 
cost is calculated the same way by summing 
up the costs of each consumable waste; 
these were calculated in the Consumables 
cost sub-group. 

Total costs C22 
For calculating the total costs of the 
production batch, the costs of each sub-
group are summed up. 

Share of total cost C23 
The share of each sub-group of the total 
costs is calculated and presented in 
percentages. 

Production time and total production cost 
per hour 

C24 

Production time is calculated by summing 
up the time needed for each production 
phase. Total production cost per hour is 
calculated based on the total production 
time and total costs. 
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5 Review of the results 

Ten scenarios are executed to demonstrate the FMPC’s functionality and to learn what 

kind of effects changes in one or multiple input variables might have, and further what 

the limitations related to the usage of the model are. It should be noted that the aim of the 

scenarios is not to give exact numerical results, but to demonstrate the FMPC’s suitability 

for making different types of forecasts. However, the input values aim to present realistic 

assumptions, thus also generating realistic outcomes. 

5.1 Scenarios 

The starting point for creating scenarios is to define a typical reference production setup. 

Here it consists of one rotogravure printing press equipped with an integrated rotary die-

cutter and a cigarette packer machine aiming to present a typical production unit utilizing 

typical raw materials and consumables. 

The scope of the scenarios is as follows: 

- Scenarios 1–5: Single changes are made to the key cost drivers to see their 

relative impact when producing cigarette packages with a traditional design. 

- Scenario 6: Combines the five earlier scenarios to evaluate the impact of 

multiple changes made simultaneously. 

- Scenario 7: Focuses on the production of plain packaging regulated cigarette 

packages, utilizing both conventional and inkjet printing technology, resulting in 

the comparison of total costs. 

- Scenario 8: Studies the influence of batch size when both conventional and 

inkjet printing technologies are being utilized when producing plain packaging 

regulated packages.  

- Scenario 9: Studies the case where a rotogravure printing press equipped with a 

conventional die-cutting unit is replaced with an inkjet printing press and a 

digital laser cutting unit. Plain packaging regulated package design and different 

batch sizes are being used. 

- Scenario 10: The CO2 footprint of the selected materials is calculated for 

creating a risk assessment related to the impact of a sudden carbon emissions 

cost increase. 

 

The specifications of the reference package presenting a traditional cigarette package 

design used in scenarios 1–5 and 10 include: 

- Flip-top package, 20 cigarette sticks 

- 200gsm carton board which is metallized at the external laminator 
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- 8/0 colours, 65% ink coverage 

- Embossing (or braille) 

- Spot varnish, 50% coverage 

- WB varnish: 100% coverage 

5.1.1 Reference scenario 

A reference scenario has been created to illustrate a realistic standpoint on how the total 

costs within a cigarette production batch, utilizing a traditional package design, are 

normally divided between different cost parameters. The input values of the reference 

scenario will be modified in the latter phase to see the impact of the changes on the costs. 

All variables used and values set for the reference scenario are presented in Appendix C. 

Figure 20 illustrates how the total costs are divided between different cost parameters.  

 

 

Figure 20. Share of each cost parameter of the total costs (%) in the reference scenario. 

 

The results of the reference scenario suggest that carton board has the greatest share of 

the total costs as expected, especially when metallization is used. This is followed with 

packer runtime costs which get relatively high as the production capacity (or output) of 

the packer is low compared to the output of the rotogravure printing press with an 

integrated rotary die-cutter. The impact of increasing packer capacity is studied further in 

Scenario 4. 

Transportation costs cover the whole carton board supply chain; the weight increase of 

packaging materials along the supply chain is included in the calculations accordingly. 

The costs originate from four stages:  
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1) Transportation of the reels from the board mill to the laminator  

2) Transportation of the laminated reels to the converter  

3) Transportation of the blanks to the brand owner  

4) Transportation of the cigarette packages to the retailers 

 

The usage of raw materials and consumables in cigarette packaging manufacturing and 

the waste being generated are calculated, including the wearing of the manufacturing 

tools. Once the weight of the used materials is known, the producer payment costs have 

been calculated.  

In the reference scenario, the total cost of the production batch is €62,812. In the 

following scenarios, this cost is compared to the outcome of the other scenarios to study 

the impact of the modifications being made. 

5.1.2 Scenario 1: Source reduction of carton board 

Carton board price and grammage are known to be among the greatest cost factors 

influencing the total costs of cigarette packaging production. Besides the carton board’s 

purchasing price, also costs related to its usage (runnability in different production 

processes and the waste being generated) have a great impact on overall productivity 

figures. This makes the source reduction of carton board a meaningful subject for the 

evaluation executed in this scenario.  

Furthermore, source reduction is known to be of interest for brand owners having 

additional influence, e.g. lowering transportation costs because of lower fuel 

consumption. This also reduces the environmental load of transportation via lower CO2 

emissions.  

A typical carton board grammage used in cigarette packaging is within the range of 180–

200g/m2 depending on the brand design. In this scenario, the grammage is lowered 10% 

from 200gsm to 180gsm, while the other variables remain the same as set in the reference 

scenario to be able to see the impact of source reduction. The results of the scenario are 

illustrated in Figure 21. 



5 Review of the results 82 

 

Figure 21. Impact of the source reduction on total costs (%). Carton board grammage is lowered 

from 200gsm to 180gsm while other cost parameters remain the same as set in the reference 

scenario. 

 

The results of this scenario suggest that the most cost-efficient option is to use the lowest 

possible carton board grammage, as could be expected. The greatest reduction in total 

costs can be achieved with a lower weight of metallized carton board, which is interlinked 

with transportation costs, producer responsibility payments and the costs of substrate 

waste.  

 

The source reduction of carton board grammage from 200gsm to 180gsm resulted in -

5,4% savings in the total costs. 

 

The advantages of utilizing the calculation model for estimating the impact of source 

reduction are clear – comparison between different carton boards is simple to execute, 

and the results can be used to evaluate the additional impact of the changes being made. 

However, it should be mentioned that the estimation of carton board related costs in a real 

production environment is normally a complex task. This is why testing in a real 

production environment with real package designs is always needed to confirm the 

estimated results. 

5.1.3 Scenario 2: Reduction of changeover times and waste 

Minimizing the overall changeover time, the time needed for changing from one job to 

another, plays a very important role regarding the total production costs. Changeover time 

begins when the making of changes is started and ends once they have been made and the 

target production quality has been reached allowing production to continue. The material 

being produced during the changeover time does not necessarily meet the quality 
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requirements and, in this case, must be classified as waste. The value of the waste material 

within the value chain increases after each production process, being at the highest level 

when ready packages must be rejected. 

The changeover time has a direct impact on the productivity and production costs of the 

packaging process, also having direct impact on unit costs. Typically, the changeover 

time includes tool changes, fine-tuning, and the start-up time needed to achieve the 

required production quality. Any reductions (or delays in case of problems) of the 

changeover time can have a significant impact on the overall costs of the production run. 

The advantages of changeover time reduction include the increase of overall production 

flexibility and equipment uptime by releasing production capacity. 

In this scenario, the changeover times of both printing presses and cigarette packers are 

reduced by -50% from the reference values to see the impact on total costs. Consequently, 

start-up material waste and consumables waste are reduced from 6% to 4%. The other 

variables remain the same as set for the reference scenario. The results of the scenario are 

illustrated in Figure 22. 

 

 

Figure 22. Impact of changeover time and waste reduction on total costs (%). The changeover 

times of both printing presses and cigarette packers are reduced by -50% from the reference 

values. 

 

The results of this scenario suggest that minimizing the changeover times and the related 

waste resulted in cost reductions in multiple additional variables, as expected. This 

modification resulted in a total cost reduction of -3.5% originating mainly from the 

increased productivity and savings achieved within raw materials transportation and 

usage.  

When considering annual production costs and production runs repeated multiple times, 

the role of even minor improvements might have significant value in justifying further 
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evaluations and adjustments. By creating different scenarios with a model, it is possible 

to evaluate the possible areas of improvement before making any real-time trials. 

5.1.4 Scenario 3: Increase of production speeds 

The third scenario addresses the importance of production speed having a direct impact 

on the productivity of the cigarette packaging production line. The highest production 

speed can normally be achieved by utilizing the most robust production technology and 

premium raw materials offering the best runnability. Furthermore, the role of skilled 

operators and the execution of preventive maintenance is normally great in ensuring the 

proper adjustments and functionality of the equipment. 

In this scenario, the production speeds of the printing press, die-cutter and cigarette packer 

are set to increase by +20% imitating the development of the production technologies. 

Other modifications into the reference scenario are not made in order to see the impact of 

speed increases. The results of the scenario are illustrated in Figure 23. 

 
 

Figure 23. Impact of a 20% speed increase on the total costs (%). Production speed has been 

increased in the printing press, die-cutter, and cigarette packer.  

 

The results of this scenario suggest that a speed increase in the cigarette packer has the 

greatest impact on the reduction of the total production costs. Also, the costs of the 

printing press and die-cutting have been reduced, as can be expected. The total costs 

decreased by -2.9% because of the reduction in the total processing time. 

Once the runtime of the processes gets shorter, their downtime costs also reduce, as can 

be seen in this scenario. This result originates from the downtime input value which is set 

as percentages of the total runtime in the model – when the runtime of the production 



5.1 Scenarios 85 

equipment decreases, it also decreases the share of downtime. The advantage of this 

arrangement is that the impact on the production process’s downtime can be evaluated 

independently when evaluating e.g. the robustness of the different production 

technologies and the related costs. 

Achieving full production speed in different production processes is a result of the 

optimization of multiple related factors. Therefore, savings achieved by selecting a 

cheaper but badly performing raw material can lead to increased overall production costs.  

5.1.5 Scenario 4: Investment in production capacity 

In the fourth scenario, the impact of investments in cigarette packing capacity has been 

studied regarding the productivity and total costs of the production process.  

The number of cigarette packers is now increased gradually from one to five, including 

an increase in the related fixed operating costs. No further changes have been made to the 

reference scenario. The results of the scenario are illustrated in Figure 24. 

 

Figure 24. Impact of the amount of packer investments on relative production costs (%), and 

production time (h). One packer case is the reference point. 

 

The results of this scenario illustrate how total productivity increases as the number of 

packers increases. The greatest advantage is seen when investing in the 2nd and 3rd packer, 

as the total production time is cut from 49.6h to 23.9h, while production costs increase 

by +24%. Investing further in the 4th and 5th packer does not have such a great impact on 

the production time – this is a consequence of having only one printing press and die-
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cutter unit producing the blanks, so there is a break-even-point the passing of which no 

longer improves the overall situation remarkably, as could be expected. 

The increase of production costs may be a significant barrier for investments, but this can 

be compensated with the higher production rate. The optimal capacity for the production 

system depends on the required volumes. Furthermore, the use of redundant equipment 

mitigates risks related to production failures in case of e.g. technical problems. 

Furthermore, when the number of different cigarette package designs gets high, a 

production system consisting of multiple packers and printing units increases the system 

flexibly, making it easier to optimize total productivity by minimizing the changeover 

times needed between production runs. This requires reliable forecasts of the production 

performance in order to create an optimal production plan – including a backup plan in 

case any problems should occur. 

Traditionally, in the high-volume cigarette packaging industry brand owners are using 

multiple high-speed machinery simultaneously to optimize their overall production. 

5.1.6 Scenario 5: Reduction of ink consumption 

In the fifth scenario, the share of ink consumption of the total production costs is studied 

by decreasing it by 20% in each printing tower being used. The possible use of solvents 

or other ingredients is considered to include the ink price to simplify the calculations. All 

other production parameters remain the same as set in the reference scenario. 

The results suggest that a reduction of ink consumption by 20% decreases the total 

production costs by -1.3% compared to the reference scenario. The significance of the ink 

consumption evaluation increases when more expensive inks such as metallized or spot 

colour inks for certain brand colours are being used. The price of the special inks and 

varnishes can be many times higher, making these kinds of comparisons interesting. 

Finding the best performing ink and carton board combination may have significant cost 

reduction potential. 

A reduced amount of ink also requires less energy in the drying process, which is an 

additional advantage regarding the environmental impact. Depending on the ink type, 

more advantages can be achieved by using less solvents, thus reducing the levels of 

volatile organic compounds (VOCs) being released. In terms of digital printing, inkjet 

inks can be significantly more expensive compared to the ones used in conventional 

printing. This makes the comparison of conventional and digital printing technology 

interesting, supporting the use of modelling as a tool when evaluating the total costs of 

the different production systems. 
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5.1.7 Scenario 6: Simultaneous changes of multiple variables 

In the sixth scenario, changes made in the previous scenarios are being executed 

simultaneously to see their combined impact. The input variables being modified are: 

- Carton board grammage reduction (200gsm to 180gsm) 

- Printing press changeover time reduction (150min to 75min) 

- Printing press production speed increase (300m/min to 360m/min) 

- Ink consumption reduction (-20%) 

- Investments in two additional packers having the same capacity including: 

o 3x usage of electricity 

o 3x cost of premises, operators, service and other costs 

 

This scenario illustrates the flexibility of the calculation model when evaluating the 

impact of multiple simultaneous changes made in different variables. Figure 25 illustrates 

the changes on the cost parameters being impacted.  

 

 

Figure 25. Impact of multiple simultaneous changes on the total costs (%). Cost parameters of the 

reference scenario have been modified. 

 

The results suggest that the modifications made to the production process variables and 

investments in two additional packers decreased the total production costs by -4.8%. This 
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result originates mainly from the increased packer capacity decreasing the total 

production time by -56,7%, while the hourly production costs increased by +119,8%. 

Additional cost reductions are achieved by the reduced usage of substrates and 

consumables. 

Based on the results of this scenario, it can be stated that the model is suitable for 

providing detailed information on the influence of multiple simultaneous changes and for 

highlighting the key areas that have been impacted. 

5.1.8 Scenario 7: Comparison of different printing technologies 

In the seventh scenario, cigarette package design is set to meet the plain packaging 

regulations. The size of the cigarette package production batch is set to be 2 million units, 

which are printed using: 

a) Conventional rotogravure printing press + inline die-cutter 

b) Inkjet printing press + inline die-cutter 

 

Cost comparison between the different printing technologies is executed to evaluate the 

major differences in total production costs. The scenario is relevant to the cigarette 

packaging industry because of the recent development in digital printing technology, 

potentially increasing the possibilities of its utilization in different end-use areas. The 

investment costs of the new technology and its impact on productivity and production 

costs are of interest when drawing comparisons between different production solutions. 

However, the scenario does not consider changes in e.g., machine maintenance related 

costs for simplifying the calculations in this demonstration. 

The key parameters used in this scenario include: 

Conventional printing press: 

- Carton board 200gsm 

- Four process inks (CMYK), 65% coverage  

- Changeover times: Conventional press 90min, die-cutter 60min 

- 100% overprint varnish  

- Both material and consumables waste are set to 6% 

 

Inkjet printing press: 

- Carton board 200gsm 

- 100% primer coverage 

- Four inkjet inks (CMYK), 65% coverage 

- Changeover times: Inkjet press 15min, die-cutter 60min 
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- 100% overprint varnish 

- Both material and consumables waste are set to 2% 

 

The results of the scenario are illustrated in Figure 26. 

 

Figure 26. Cost comparison between different printing technologies (€). Conventional and inkjet 

printing technologies have been compared when producing 2 million cigarette packages whose 

design is set to meet the plain packaging regulations. 

 

The results suggest that the advantages of inkjet printing technology are as expected – 

shortened changeover times and reduction of waste. The cost reduction is balanced by the 

increased cost of the inks and the use of primer.  

The share of inkjet inks and primer of total costs is now 3,4%. However, the total costs 

when utilizing inkjet printing are -1.3% lower compared to conventional printing. This 

result suggests that the utilization of inkjet technology could be a realistic option for 

similar production batches. 

Detailed information on the outcome of this scenario are presented in Table 15. 
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Table 15. Detailed comparison of the costs (%). Inkjet printing costs are compared to the 

conventional printing. 

 

Cost parameter % 

Inks 85,2 

Primer 0,4 

Consumables waste -0,1 

Transportation -3,7 

Press and die-cutter runtime -3,8 

Alu-paper -3,8 

Press and die-cutter downtime -3,8 

Producer responsibility payment -3,8 

Varnishes -7,4 

Press and die-cutter changeover time -50,0 

Substrate waste -67,9 

 

The results of this scenario promote the advantages of utilizing modelling in technology 

selection, supporting e.g. decision making when different cost parameters must be 

evaluated in detail. Modelling offers the flexibility needed for creating scenarios 

regarding different production technologies once the valid, equipment specific data is 

available. 

5.1.9 Scenario 8: Influence of printing technology and batch size 

In the eighth scenario, the impact of printing technology selection is studied further, 

utilizing different batch sizes. Traditionally, the setup time required for a new production 

batch can be significantly shorter when utilizing digital printing compared to 

conventional printing. Therefore, the utilization of inkjet printing in cigarette package 

production might open up new opportunities to optimize the efficiency of production 

lines. However, the relative share of setup waste is reduced when batch length increases, 

and therefore it is meaningful to study the impact of batch size length in this scenario. 

The key parameters used in this scenario are the same as the seventh scenario, but the 

package design now follows the plain packaging regulations and the batch size ranges 

from 0.5 to 6 million packages. 

Conventional rotogravure printing press: 

- Carton board 200gsm 

- Four process inks (CMYK), 65% coverage  

- Changeover times: Conventional printing press 90min, die-cutter 60min 

- 100% overprint varnish 

- Both material and consumables waste are set to 6% 
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Inkjet printing press: 

- Carton board 200gsm 

- 100% primer coverage 

- Four inkjet inks (CMYK), 65% coverage 

- Changeover times: Inkjet press 15min, die-cutter 60min 

- 100% overprint varnish 

- Both material and consumables waste are set to 2% 

 

The results of this scenario are illustrated in Figure 27. 

 

 

Figure 27. Cost comparison of digital and conventional printing (%). Batch size increases from 

0.5M to 6M cigarette packages, total production costs have been calculated for both technologies. 

 

The results of this scenario suggest that the break-even-point between the printing 

technologies is between 2–3 million packages. Below this batch size, inkjet printing costs 

become lower compared to a conventional printing press. 

Based on this scenario, inkjet printing could have potential to be utilized also in cigarette 

packaging production. However, more studies are needed to confirm this result, including 

utilization of the exact input variables and trials in a real-life production environment. 
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5.1.10 Scenario 9: Digital printing and converting technology 

In the ninth scenario, inkjet printing and laser die-cutting technologies are used in 

comparison with conventional technology in cigarette packaging production. The 

packaging design follows the plain packaging regulations, and an evaluation of the batch 

size’s impact on the total production costs is also included. 

The aim of the study is to evaluate the potential of laser die-cutting technology, even 

though such technology for reel-fed systems does not exist during the time of conducting 

this research.  

Conventional printing press and die-cutter: 

- Carton board 200gsm 

- Four process inks (CMYK) and 65% coverage  

- Changeover times: Conventional press 90min, die-cutter 60min 

- 100% overprint varnish 

- Both material and consumables waste are set to 6% 

 

Inkjet printing press and laser die-cutter: 

- Carton board 200gsm 

- Four inkjet inks (CMYK), 65% coverage 

- Changeover times: Inkjet press 15min, laser die-cutter 15min 

- 100% overprint varnish 

- Both material and consumables waste are set to 2% 

 

The batch size is set to be ranging from 0.5M to 6M packages. The results of this scenario 

are illustrated in Figure 28. 
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Figure 28. Cost comparison of conventional and digital production technology (%). Inkjet printing 

and laser die-cutting are compared to the conventional technologies. 

 

The results of this scenario suggest that inkjet printing combined with laser die-cutting 

technology has potential to decrease production costs, as expected. The break-even-point 

is now even more than 6 million packages based mainly on changeover-time reductions 

and waste reduction. 

5.1.11 Scenario 10: Risk assessment on carbon emissions 

The tenth scenario demonstrates the model’s suitability for making risk assessments. Here 

the cost of carbon emissions (CO2-e/t) is calculated for the selected materials utilizing the 

material weights from the reference scenario and actual carbon prices (EUR/t) provided 

by Ember (2021). As the number of different carbon sources and ways of compensation 

are so high at the value chain level, the author of this study has decided to only take a 

limited view on those in this scenario – still capable of presenting the value of the model 

when making these kinds of risk assessments. 

Figure 29 illustrates the development of carbon prices in 2021 by Ember (2021). It has 

roughly doubled between March and December 2021 from 40€/t to the range of 80€/t.  
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Figure 29. Carbon price development, adapted from Ember (2021) 

 

The weights of the materials used in this scenario, including their carbon footprint, are 

illustrated in Table 16. The CO2-e figures have been taken from several sources that are 

openly available. These sources are listed in Appendix D. 

Table 16. CO2-e calculation with selected cost parameters included in the calculation. 

 

Material: 
Weight 

(kg) 
kgCO2e / kg 

material kg CO2e 

Carton board 15645,6 821,2 12848,6 

Paper (alu-foil) 1774,8 919,4 1631,8 

Corrugated 652,8 538,0 351,2 

Inks and varnish 277,8 3,3 0,9 

Glue  176,7 2,0 0,4 

Innerframes 127,2 821,2 104,5 

Paper (tax labels) 106,0 1479,0 156,8 

Alu-foil 2508,4 0,382 (kg/m2) 958,2 

Total     16,1 t CO2e   

 

Once the total CO2-e is known, the cost of carbon emissions can be calculated:  

a) March 2021: 40€/t * 16,1t = 644€ 

b) December 2021: 88€/t * 16,1t = 1417€ 

 

As the total cost of the reference scenario is €62,812, the share of the CO2-e cost utilizing 

the March 2021 carbon price is 1,06%. When using the December 2021 carbon price 

level, the share increases to 2,26%.  
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If all carbon sources were to be included in this calculation, their combined share would 

become even higher – highlighting the need for businesses to be able to forecast their 

carbon emission costs and to keep data updated for making such risk assessments.  

As the costs related to carbon emissions are likely to increase in the future, the utilization 

of environmentally friendly raw materials, sources of energy, energy efficient production 

technologies, and different means of transportation becomes a feasible option, also 

increasing the value of the related scenarios. 

5.2 Summary of the scenarios 

Altogether ten scenarios were created to demonstrate the selected features and 

functionality of the FMPC. It should be noted that the aim of the scenarios was not to give 

exact, real-life numerical results, but to demonstrate the capabilities of the model with 

realistic assumptions. However, once exact input data is available, the model can be used 

for the purpose it has been designed – making exact real-life value chain level cost 

forecasts.  

Firstly, the costs of the reference production batch were calculated, and major cost 

parameters were identified, including their share of the total costs derived from different 

sub-cost parameters. The reference scenario was utilized in the following scenarios to 

study the impact of the changes made in the input variables. This target can be extended 

to cover multiple production batches and volumes, utilizing different input values, to see 

their relative impact. 

In the first five scenarios, the functionality of the model was demonstrated by making 

single changes to the selected key cost drivers, to see their relative impact when producing 

cigarette packages with traditional design. The sixth scenario combined these five 

scenarios to demonstrate the model’s suitability when making more complex and 

simultaneous scenarios with multiple variables. These scenarios aim to illustrate the ease 

of making analyses regarding the identification of the most potential areas for cost 

reductions. 

The seventh scenario focused on demonstrating the model’s suitability for technology 

selection. The production costs of plain packaging regulated cigarette packages were 

calculated utilizing both conventional and inkjet printing technology to identify the 

differences in the total costs. The related scenarios are valuable when companies analyse 

e.g. the potential of a new technology for their business. 

The eighth scenario focused on the impact of batch size when both conventional and 

inkjet printing were utilized in producing plain packaging regulated packages. The target 

of the scenarios is the optimization of production asset utilization and production 

efficiency. It is well known in the industry that digital printing presses are normally used 

in shorter production runs, potentially releasing time from conventional production assets, 

so a hybrid production mode could become an interesting option. By calculating the 
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break-even-points for both technologies, it is possible e.g. to set guidelines for which 

technology is preferred for certain production batches to minimize the total costs. 

In the ninth scenario, a rotogravure printing press equipped with a conventional die-

cutting unit was to be replaced with an inkjet printing press and a digital laser cutting unit. 

A plain packaging regulated package design and different batch sizes were used to define 

a break-even-point enabling further evaluations suitable for e.g. product development. 

The tenth scenario demonstrated the FMPC’s suitability for risk assessment, utilizing a 

case where carbon emission prices were increasing rapidly. By utilizing the model, it is 

possible to evaluate the impact of these kinds of market disturbances at the value chain 

level. With the model, companies can simulate different events and evaluate the risks a 

company might face in the future to make dedicated risk mitigation plans. 
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5.3 Summary of the results 

The scope of the earlier study by Ryynänen et al. (2011) was extended significantly in 

this research to cover a typical packaging value chain. The impact of plain packaging on 

cigarette packaging production was first discussed to form a solid background for 

demonstrating the utilization of the FMPC. Secondly, a reference scenario was created to 

set a realistic standpoint for the ten scenarios that were used to demonstrate the utilization 

of the FMPC. The results of the study illustrate how the model can be utilized to forecast 

packaging costs and to increase knowledge on the cost structures of packaging value 

chains, further to support business decisions and the evaluation of the environmental 

impact of operations. 

The answers for each research question have been discussed as follows. 

RQ1: “Which advantages, or disadvantages, does the FMPC offer when evaluating the 

performance of a cigarette packaging value chain?”  

One of the advantages of the FMPC is that a wide selection of variables covering a typical 

carton board-based packaging value chain can be set independently for making different 

kinds of evaluations. It is relatively simple to create scenarios that cover different types 

of aspects, making value chain level performance analyses meaningful and interesting, as 

the FMPC is very flexible in terms of the configuration of the production processes; the 

impact of even minor changes can be studied in detail. Regarding cost reduction studies, 

the results can be used to detect areas with the greatest impact on costs, saving the overall 

time and resources needed for making the analyses. Furthermore, the modularity of the 

FMPC’s design enables further development easily e.g. in regard to the integration of new 

functionalities or additional cost parameters. 

This study complements and enriches earlier studies mentioned in paragraph 1.3 by 

Svanes et al. (2010), Afif et al. (2022), Gladysz et al. (2021), Hiscock and Bloomfield 

(2021), Zafeiridou et. al (2018), Maulidah (2020), Jedliński et al. (2021), Mandolini et al. 

(2017), Stašová (2019), Mahto et al. (2013), Jansen et al. (2020), Schmidt (2003), 

Stadtherr & Wouters (2020), Rattray et al. (2007), Latif et al. (2020), Sharma et al. (2011) 

Erdil et al. (2018), Ginting et al. (2020), Kelesbayev et al. (2020) and Abdulmouti (2018), 

as the FMPC was created to be utilized especially for evaluating the packaging value 

chains to fill the identified research gap. As a result, global packaging value chains 

typically consisting of numerous different input variables can now be simulated rather 

easily without being limited by the model itself. The structure of the FMPC configuration 

allows each variable within the value chain to be set independently, enabling the scope of 

the studies to be widened into very detailed levels. The input data may cover the technical 

aspects of the production processes, enabling flexibility in sustainability and cost analyses 

between different production batches, technologies, processes, logistics, resources, and 

raw materials. Once the configuration of the value chain has been set, the share of each 

input variable of the total costs can be calculated and reported instantly, providing 

powerful means for making different cost analyses. By reporting the results, knowledge 
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regarding costs and material usage within the specific packaging systems can be increased 

and utilized e.g. by setting goals for the improvement of specific areas of interest, such 

as the level of sustainability of the operations. The focus of the studies can be set on 

different aspects of the value chains and analyses executed on the required level. A typical 

related challenge is that knowledge of the different processes may be spread around the 

organizations, making data collection from different systems complex and time 

consuming. The advantage of FMPC is that integration into different IT systems is not 

needed. However, the availability and validity of the input data is crucial for making 

realistic analyses. Regarding business-critical calculations, exact data might sometimes 

be difficult, or even impossible, to achieve so the best estimations must be used. 

Inaccurate input values can lead to higher output tolerances, so different types of 

sensitivity analyses might be required. 

RQ2: “How can the FMPC be utilized to support decision making in production 

technology evolution?” 

This study demonstrates the FMPC’s suitability for making realistic comparative analyses 

when evaluating the sustainability and total investment costs of different types of 

technical assets. The usage of numerical data allows great flexibility in the technology 

selection, as the input data regarding the key features, e.g. production speed and 

changeover times, can be set without any limitations from the model itself. Furthermore, 

the advantages of utilizing the FMPC include reduced dependency on experimental 

resources. With such a well-functioning model, it becomes relatively easy to evaluate the 

impact of each factor in detail when studying the different features of a new technology. 

The model can be used to save production time needed for executing trials with the 

existing assets, thus saving in development costs, and minimizing the risks of machine 

defects, e.g. if operating outside their normal operating window.  

From the literature, earlier studies focusing on the utilization of modelling in making 

different cost evaluations include e.g. a study by Bottani and Montanari (2010), who 

focused on supply chain management examining the effects of different configurations 

on the supply chain costs and bullwhip effect to provide insights into optimizing the 

supply chain design. Moreover, a statistical analysis of the effects was performed to 

identify possible significant impacts of single/combined supply chain design parameters 

on the resulting costs and demand variance amplification. According to the authors, the 

results can be useful in practice to identify the optimal supply chain configuration as a 

function of the operating conditions. Rybakov (2017) developed a mathematical model 

for optimizing the total logistics costs of a trading company including major subsystems, 

logistics processes, and most substantial logistics costs. Škerlič et al. (2020) made a 

statistical analysis on selected automotive industry companies highlighting the 

importance of the connectivity of different business functions in the logistics decision-

making process. The authors discuss typical challenges including: 1) Every department 

of the company’s logistics system manages individual logistic processes that form a group 

of processes; 2) These processes entail costs related to their execution; and 3) Employees 

in various departments are making numerous strategic and operational decisions on a 
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daily basis, which must be unified and controlled in a way that the management of the 

overall logistic processes becomes feasible. This matter is also important for the sake of 

efficient measurement and modelling of logistics costs. The results of the study point out 

that the greater the knowledge of logistics among the employees from other departments, 

the more logistics costs are considered during the development of the product. A study 

by García-Arca et al. (2017) focuses on Sustainable Packaging Logistics. The authors 

discuss improvements and innovations regarding the packaging, aiming to contribute to 

the improved sustainable performance, and propose ten lines of changes: 

- Dimensional changes 

- Material changes 

- Change in the amount of product per packaging 

- Change in packing process 

- Change in the number of primary packaging per secondary packaging  

- Materials standardization 

- Dimensional standardization 

- Aesthetic changes 

- Returnable packaging 

- Shelf ready packaging 

 

Škerlič and Sokolovskij (2019) developed a model for calculating the costs of logistics 

that can be used as a decision-making tool at an early stage of logistics cost management 

for an individual product. The study included a literature analysis which illustrates that 

most of the recently developed models focus on the cost optimization of individual 

activities such as distribution, production, or purchasing. In order to utilize modelling 

further to improve companies’ management of logistical activities, more detailed models, 

including wider coverage of processes, and more specific cost components are needed. 

Muha (2019) studied the scope of the optimization of individual logistics categories from 

the point of view of how individual logistics cost categories and processes are treated. 

The author discusses the importance and complexity of logistics cost management 

comprising from numerous interlinked key factors influencing the overall costs that can 

be difficult to measure, stating that “[c]ompanies that lack awareness of the importance 

of reducing logistics costs do not have a clear perception of how these costs affect their 

performance and profits”. In the study, the supply chain costs of the company are listed 

as follows: 

- Manufacturing costs (material/test/labour/machine costs) 

- Administration costs (order/purchasing/claims/support handling) 

- Warehouse costs (inspection of incoming goods, cost related to warehousing and 

building) 
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- Distribution costs (shipping of incoming materials and materials to customer, 

insurance and inspection costs, Letter of Credit, and customs clearance costs) 

- Capital costs (tied-up costs in warehouse/transportation until the customer has 

paid the invoice)  

 

Findings from the above-mentioned studies highlight several key challenges which have 

been addressed in the FMPC:  

1. Optimization of the packaging value chain configuration as a function of the 

operating conditions. 

2. Evaluation and optimization of the total packaging costs and their environmental 

impacts including all major subsystems and processes. 

3. Consequences of numerous strategic and operational decisions made by multiple 

stake holders on a daily basis. 

4. Improvements and innovations regarding the packaging design and production 

processes aiming to contribute to the improved sustainable performance. 

5. Support with decision making at an early stage of packaging costs for an 

individual product. 

6. Forecasting the costs of the packaging value chains comprising from numerous 

interlinked key factors influencing the overall costs. 

 

As far as the author of this study is aware during the time this study has been made, 

especially in packaging research, models capable of evaluating packaging value chains 

have not been developed to cover these kinds of aspects. FMPC is capable of making 

different types of evaluations, providing the means for achieving additional knowledge 

of integrating the evaluation of packaging production costs into the value chain level. It 

opens up a new perspective which can be developed further in the future.  

The earlier study published by Ryynänen et al. (2011) focused on the specific area of 

packaging printing cost analyses, focusing especially on conventional and digital printing 

technologies. This dissertation extends the research scope remarkably by covering several 

new aspects within the inter-organizational packaging value chains.  

Furthermore, the same calculation principles used in the study could also be suitable for 

other industries besides packaging, where single products, or production batches, are 

made in different types of value chains, for example in the fashion industry. Based on the 

FMPC calculation method, different types of interlinked sub-processes, or modules, and 

incremental manufacturing technologies could be covered utilizing the same calculation 

principles. By combining the product and its packaging designs at a very early phase of 
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the design process, the overall outcome can be optimized at the value chain level in terms 

of costs and environmental load. This would increase the theoretical value of the FMPC, 

offering new opportunities for evaluating different types of value chains and specific 

areas of interests. 

RQ3: “How can the FMPC be utilized to minimize the risks related to (un)foreseen 

changes in the business environment?” 

Risk assessment is known to utilize a variety of input data types obtained from multiple 

sources as described by e.g. Rovins et al. (2015), Haimes (2008) and Griffis et al. (2012). 

Evaluation with a sophisticated model can provide access to quantitative, mathematically 

calculated output data. As the results come in numerical form, they can be shared and 

discussed within the organizations, also mitigating the risk of having them 

misunderstood. Wrong indications can be problematic and very harmful for businesses, 

whereas good risk assessment can have many advantages supporting the continuation of 

a business even in a crisis situation. Regarding cost evaluation in risk assessment in 

particular, output data can be translated into the form of costs, so the results and the level 

of the related impact are easy to understand and share. This enables further processing of 

the data and e.g. the prioritization of actions regarding production technology 

maintenance and investments, setting new target prices for the products, or the creation 

of alternative sourcing plans for the most critical raw materials, aiming to mitigate the 

identified risks. 

The FMPC can be used in the risk assessment of complex packaging value chains, where 

different risk types and disturbances normally exist. Risks can be interlinked with each 

other, usually making their estimation a complex task. Furthermore, risk assessment must 

be repeated often enough to ensure the validity of the results, so the task can be time 

consuming and costly, as dedicated resources might be needed. The FMPC provides the 

results of the evaluations instantly, saving time and resources needed. Once all required 

input variables have been identified and inserted, the outcome provides detailed 

information not only on the cost parameters, but also e.g. on the usage of energy, raw 

materials, and logistics. Different scenarios can be made, including preparations for crisis 

situations, when the availability of business-critical resources can get severely challenged 

and costs can increase dramatically within a short period of time. Evaluations can be 

executed also to increase knowledge of detailed cost structures even on a very wide scale, 

e.g. when considering the costs of carbon emissions of international businesses. As the 

carbon footprint of the operations may differ quite remarkably between different 

production methods and raw materials being used, detailed information is very valuable 

when calculating the exact amount of CO2 emissions
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6 Conclusions 

6.1 Contribution to theory 

This research contributes to the knowledge base within the packaging industry by 

providing a new cost forecasting model called FMPC, which is demonstrated to be 

suitable for predictive analyses aiming to support business continuity also in events that 

are difficult to foresee. For researchers, this study opens a new perspective for evaluating 

packaging production costs at the unit and value chain level.  

Based on the numerous searches from the literature regarding the packaging industry, it 

became evident that there is a research gap in this area of research. Hence, a new 

calculation model was created, the functionality of which was demonstrated to be suitable 

for evaluating the relative impact of specific variables in the cigarette packaging value 

chain and performing comparative analysis of different production systems. It was 

demonstrated that different production technologies and raw materials can be used when 

making forecasts. The FMPC is also suitable for other types of packaging value chains, 

opening possibilities for making new studies focusing on different end-uses. The study 

breaks down each process phase into activities and costs which can be defined and 

calculated independently. The input values can be freely selected to make different 

realistic scenarios. Furthermore, the FMPC can be used to support production efficiency 

studies by identifying possible areas of improvement, making risk assessments, and 

developing alternative solutions aiming to reduce overall production costs or 

environmental load, or to secure the continuation of a business in abnormal situations 

such as crises. 

6.2 Managerial implications 

The aim of this research is to utilize the FMPC as a means for determining the cost 

structures of packaging value chains. The emphasis is on covering the key economic and 

technical aspects of the operations within the corresponding carton board-based 

packaging value chain in different situations, including risk assessments. The advantages 

of the FMPC include the possibility to study the impact of sudden, even dramatic, changes 

in the global business environment, having multiple effects which might be very difficult 

to foresee. By creating different types of scenarios, it is possible to make risk assessments 

covering different business aspects and to utilize the results when deciding which risks a 

company is willing to take and which ones should be avoided in relation to e.g. the 

sourcing and supply of critical raw materials, and production technology investments that 

companies are typically evaluating. 

In the international and inter-organizational packaging industry, value chains typically 

have multiple different stake holders involved, whereas geographical distances between 

production sites may be long. Evaluations regarding e.g. transportation methods and 

related emissions within the value chains can have significant value, currently being 
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influenced by the tightening regulations aiming for the reduction of the environmental 

impact of operations. The output data from the FMPC could help companies find the best 

supply chain solutions together. 

Another important factor to be considered regarding the studies with the FMPC is the 

environmental impact of a business in general. There are many aspects supporting the 

usage of modern, environmentally friendly production technology and recyclable bio-

based raw materials, including potential energy savings, reduced carbon emissions, and 

waste prevention. Legislations and regulations related to packaging production play an 

important role in the industry, especially in the future because of the actions needed to 

prevent climate change. The increase in carbon prices and producer payments can be used 

to create guidelines for the packaging industry to move towards enhanced sustainability.  

Digital production technology opens new possibilities for utilizing variable data and QR 

codes in consumer communication. Digital printing and converting technology can also 

be considered as complimentary capacity, releasing production time from conventional 

production designed for long production runs. This arrangement offers companies 

increased flexibility to arrange production in the best possible way in terms of 

profitability. However, when evaluating investments in digital production technology, 

production technologies differing from each other remarkably regarding e.g. their life 

spans forms a typical challenge. The FMPC offers a precise, quantitative method covering 

all relevant cost parameters regarding the usage of different raw materials and 

productivity figures to evaluate the TCOs of different production systems, thus supporting 

decision making. The scenarios executed in this study suggest that digital printing and 

converting technology can have potential to be implemented in future cigarette packaging 

production. However, as the technology for reel-fed systems is still evolving, further 

development is needed before the first commercial high-volume end-to-end digital reel-

fed solutions can be seen.  

In other types of packaging end-uses, the utilization of digital printing technology is 

already known to open possibilities to grow businesses with new features, such as mass 

customization, counterfeiting features, and usage of variable data for providing consumer 

data to the information networks. The viability of the investment will depend on the total 

volumes and market distribution of the products being produced.  

6.3 Limitations and evaluation of the research 

It can be stated that it is rather challenging and time consuming to build an error-free 

calculation model including all key parameters involved in the packaging value chain. As 

the model’s complexity and level of detail increase, the inaccuracy may also increase, 

which must be taken into consideration when designing it. Furthermore, the model should 

also be somewhat user friendly both from its usage and further development perspectives.  

The DSR methodology followed in this study suggests that final verification in a real-life 

environment is needed to verify the correct functionality of the artifact, ensuring that its 
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design principles are correct and there are no errors or bugs. However, real-life validation 

for this study was difficult to achieve, as production data and the related costs are business 

sensitive information, which are not freely available. Hence, the empirical results 

illustrated in the scenarios are descriptive in nature. The author of this study welcomes 

the possibility to such a study from the industry.  

The core of the calculations in this study follows the same key design principles that were 

used in earlier research by the author. In that study, a model targeted for sheet-fed printing 

cost evaluation in packaging was built by Ryynänen et al. (2011), including the final 

validation which was done by using real production data during the packaging production. 

The scope of the earlier study has been extended significantly in this research by covering 

a specific area of forecasting the costs of the cigarette packaging value chain as a case 

study. 

6.4  Recommendations for future research 

This study presents the usefulness of the FMPC, allowing researchers to analyse the 

performance and sustainability of different packaging systems and value chains to reach 

in-depth understanding of the complex relationships between the processes involved. 

With a well-functioning model such as FMPC, it becomes relatively easy to make the 

modifications needed for evaluating the different packaging processes and designs. The 

FMPC has potential to save a lot of time and money when analysing the performance of 

packaging value chains in different circumstances, including disaster recovery. The 

impact of each variable can be evaluated individually, a feature which is very useful when 

making risk assessments. 

This research contributes to the packaging research presenting a new calculation model 

suitable for the cost forecasting of packaging value chains. The functionality of the FMPC 

was demonstrated with ten different scenarios. Even though the focus was on a cigarette 

packaging value chain, many of the variables are commonly used in different types of 

packaging end-uses making the model generic. 

For future research, the focus could be more on the packaging value chain’s 

environmental performance in terms of sustainable packaging and circular economy. 

Suitable areas include e.g. the optimization of packaging design regarding its 

sustainability and utilization of recyclable raw materials where feasible. More research is 

also needed on the minimization of the environmental impacts of e.g. reduction of waste 

in general, the recyclability of new barrier materials, and energy consumption related to 

transportation and packaging production. Furthermore, future research should consider 

the utilization of more advanced and robust software besides MS Excel, also to enhance 

the user friendliness of the programs.  

Further studies are also needed on the full lifecycle of packaging lines leading to increased 

environmental consciousness and methods to create environmentally friendly and 

competitive business solutions by utilizing modern manufacturing technology. 
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Furthermore, the de-centralization of package production might be an interesting subject 

for new research, especially if the level of distribution costs should increase significantly, 

or in case the legislation on carbon emissions tightens, leading to increased logistical 

costs. The evaluations could include scenarios for different business models including 

geographically different market areas, e.g. whether centralized production facilities 

focused on manufacturing a very limited number of packaging designs would become a 

feasible option. 
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Appendix A: Equations of the model 

 

PRINTING PRESS INVESTMENT 

 

Printing press depreciation time in months C1a is 

 

   𝐶1𝑎 = 𝐼2𝑏  ∙  12   (1) 

where  

I2b  = Printing press depreciation time in years 

 

Printing press monthly investment cost C1b is  

  C1b = 
 
𝐼2𝑐

12
  𝐼2𝑎

1−(1+ 
𝐼2𝑐

12
)−𝐶1𝑎

   (2) 

 

where 

 I2c  = Profit target for the invested capital in % 

 C1a = Printing press depreciation time in months 

 I2a  = Printing press price 

 

 

Total cost of printing press investment C1C is 

 

  𝐶1𝑐 =  𝐶1𝑎 ∙  𝐶1𝑏   (3) 

 

where 

 C1a = Printing press depreciation time in months 

 C1b = Printing press monthly investment cost 

 

 

Monthly cost for the printing press depreciation C1d is 

 

  𝐶1𝑑 =  − 𝐶1𝑏    (4) 

 

where 

 C1b  = Printing press monthly investment cost 

 

 

Hourly cost for the printing press depreciation C1e is 

 

  𝐶1𝑒 =  𝐶1𝑑 /20 /8   (5) 
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where 

 C1d = Monthly cost for the printing press depreciation 

 

 

Hourly cost of electricity for the printing press C1f is  

 

  𝐶1𝑓 = 𝐼2𝑑 ∙  𝐼 2𝑒 / 100    (6) 

 

where 

 I2d = Usage of the electricity 

 I2e  = Price of the electricity 

 

 

Hourly cost of operators for the printing press C1g is   

  

 

  C1g = I2f / 20 / 8   (7) 

 

where 

 I2f  = Printing press operator monthly cost 

 

 

Hourly cost of premises for the printing press C1h is 

 

  C1h = I2g / 20 / 8   (8) 

 

where 

 I2g = Monthly cost of premises for the printing press 

 

 

Hourly cost of service for the printing press C1i is    

 

  C1i = I2e / 20 / 8   (9) 

 

where 

 I2e = Monthly cost of printing press service 

 

 

Hourly cost of other printing press related costs C1j is 

 

  C1j = I2h / 20 / 8   (10) 

 

where 
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 I2h = Other monthly costs 

 

 

Summary of the hourly investment cost for printing press C1k is 

 

  C1k = C1e + C1f + C1g + C1h + C1i + C1j  (11) 

 

where 

 C1e = Hourly cost for the printing press depreciation 

 C1f = Hourly cost of electricity for the printing press 

 C1g = Hourly cost of operators for the printing press 

 C1h = Hourly cost of premises for the printing press 

C1i = Hourly cost of service for the printing press 

C1j = Hourly cost of other printing press related costs 

 

 

PRINTING AND DIE-CUTTING COST 

 

Printing press and integrated die-cutter changeover cost C2a is 

 

  C2a = I1c / 60  C1k   (12) 

 

where 

 I1c  = Press and die-cutter changeover time 

 C1k = Hourly overall investment cost for printing press 

 

 

Production time including waste material C2b is 

 

  C2b = C5f / I1b   (13) 

 

where 

 C5f = Carton board total length including waste 

 I1b = Printing press and die-cutting speed 

 

 

Production time including downtime and waste C2c is 

 

  C2c = C2b + (C2b / 100  (100 – I1d))  (14) 

 

where  

 C2b  = Production time including waste material 

 I1d = Production uptime for the printing press and die-cutter 

 



Appendix A: Equations of the model 136 

 

Downtime including waste C2d is 

 

  C2d = C2b / 100  (100 – I1d)  (15) 

 

where 

C2b  = Production time including waste material 

I1d = Production uptime for the printing press and die-cutter 

 

 

Downtime cost C2e is 

 

  C2e = C2d  C1k / 60   (16) 

 

where 

 C2d  = Downtime including waste 

 C1k = Hourly overall investment cost for printing press 

 

 

Production cost C2f is 

 

  C2f = C1k / 60  C2c   (17) 

 

where 

 C1k = Hourly overall investment cost for printing press 

 C2c = Production time including downtime and waste 

 

 

Cigarette packer investment 

 

Cigarette packer depreciation time in months C3a is 

 

  𝐶3𝑎 = 𝐼3𝑏  ∙  12   (18) 

where  

 I3b  = depreciation time in years 

 

Cigarette packer monthly investment cost C3b is  

  C3b = 
 
𝐼3𝑐

12
  𝐼3𝑎

1−(1+ 
𝐼3𝑐

12
)−𝐶3𝑎

   (19) 

where 
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 I3c  = Profit target for the invested capital in % 

 C3a = Cigarette packer depreciation time in months 

 I3a  = Cigarette packer price 

 

 

Total cost of cigarette packer investment C3C is 

 

  𝐶3𝑐 =  𝐶3𝑎 ∙  𝐶3𝑏   (20) 

 

where 

 C3a = Cigarette packer depreciation time in months 

 C3b = Cigarette packer monthly investment cost 

 

 

Monthly cost for the cigarette packer depreciation C3d is 

 

  𝐶3𝑑 =  − 𝐶3𝑏    (21) 

 

where 

 C3b  = Cigarette packer monthly investment cost 

 

 

Hourly cost for the cigarette packer depreciation C3e is 

 

  𝐶3𝑒 =  𝐶3𝑑/20/8   (22) 

 

where 

 C3d = Monthly cost for the cigarette packer depreciation 

 

 

Hourly cost of electricity for the printing press C3f is  

 

  𝐶3𝑓 = 𝐼3𝑑 ∙  𝐼 2𝑒 /100    (23) 

 

where 

 I3d = Usage of electricity 

 I2e  = Price of electricity 

 

Hourly cost of operators for the cigarette packer C3g is  

   

  C3g = I3f / 20 / 8   (24) 

 

where 

 I3f  = Cigarette packer operator monthly cost 
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Hourly cost of premises for the cigarette packer C3h is 

 

  C3h = I3g / 20 / 8   (25) 

 

where 

  I3g = Monthly cost of premises for the cigarette packer 

 

 

Hourly cost of service for the cigarette packer C3i is   

  

  C3i = I3e / 20 / 8   (26) 

 

where 

 I3e = Monthly cost of the cigarette packer service 

 

 

Hourly cost of other cigarette packer related costs C3j is 

 

  C3j = I3h / 20 / 8   (27) 

 

where 

 I3h = Other monthly costs 

 

 

Summary of the hourly investment cost for the cigarette packer C3k is 

 

  C3k = C3e + C3f + C3g + C3h + C3i + C3j  (28) 

 

where 

 C3e = Hourly cost for cigarette packer depreciation 

 C3f = Hourly cost of electricity for the cigarette packer 

 C3g = Hourly cost of operators for the cigarette packer 

 C3h = Hourly cost of premises for the cigarette packer 

C3i = Hourly cost of service for the cigarette packer 

C3j = Hourly cost of other cigarette packer related costs 

 

Packing cost 

 

Cigarette packer changeover cost C4a is 

 

  C4a = I1e / 60  C3k   (29) 
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where 

 I1e  = Cigarette packer changeover time 

 C3k = Hourly overall investment cost for the cigarette packer 

 

 

Cigarette packer production time including waste material C4b is 

 

  C4b = (I1a + I1a / 100  I1r) / I1f  (30) 

 

where 

 I1a = Number of blanks in the production run 

I1r = Material waste (blanks, board, innerframe, alu-paper and 

corrugated) 

 I1f = Cigarette packer speed 

 

 

Cigarette packer production time including downtime and waste C4c is 

 

  C4c = C4b + (C4b / 100  (100 – I1g))  (31) 

 

where  

 C4b  = Production time including waste material 

 I1g = Production uptime for the cigarette packer 

 

 

Downtime including waste C4d is 

 

  C4d = C4b / 100  (100 – I1d)  (32) 

 

where 

C4b  = Production time including waste material 

I1g = Production uptime for the cigarette packer 

 

 

 

Cigarette packer downtime cost C4e is 

 

  C4e = C4d  C3k / 60   (33) 

 

where 

 C4d  = Downtime including waste 

 C3k = Hourly overall investment cost for the cigarette packer 
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Cigarette packer production cost C4f is 

 

  C4f = C3k  C4c / 60   (34) 

 

where 

 C3k = Hourly overall investment cost for cigarette packer 

 C4c = Cigarette packer production time including downtime and 

waste 

 

 

Carton board cost 

 

Carton board price in kilograms C5a is 

 

  C5a = I1k / 1000   (35) 

 

where  

 I1k = Carton board price 

 

 

Die-cutter cylinder size C5b is 

 

  C5b = I1h  I1i    (36) 

 

where 

 I1h  = Die-cutter cylinder length 

 I1i  = Die-cutter cylinder width 

 

 

Die-cutting rotations needed for the blanks C5c is 

 

  C5c = I1a / I1j    (37) 

 

where 

 I1a  = Number of the blanks in production run 

 I1j  = Number of blanks achieved in one rotation 

 

 

Total length of the carton board needed for the job C5d is 

 

  C5d = C5c  I1h   (38) 

 

where  

 C5c  = Die-cutting rotations needed for the blanks 
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 I1h  = Die-cutter cylinder length 

 

 

 

Total area of the carton board needed for the job C5e is 

 

  C5e = C5b  C5c   (39) 

 

where 

 C5b  = Die-cutter cylinder size 

 C5c  = Die-cutting rotations needed for the blanks 

 

 

Carton board total length including waste C5f is 

 

  C5f = C5d / 100  I1r + C5d   (40) 

 

where  

 C5d = Total length of the carton board needed for the job 

 I1r = Material waste (carton board, alu-paper and innerframe) 

 

 

Carton board total area including waste C5g is 

 

  C5g = C5e + C5e / 100  I1r   (41) 

 

where 

 C5e = Total area of the carton board needed for the job 

 I1r = Material waste (carton board, alu-paper and innerframe) 

 

 

Carton board total weight including waste C5h is 

 

  C5h = C5g  I1l / 1000   (42) 

 

where 

 C5g  = Carton board total area including waste 

 I1l = Carton board grammage 

  

 

Area of the carton board waste C5i is 

 

  C5i = C5g / 100  I1r   (43) 
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where 

 C5g = Carton board total area including waste 

 I1r = Material waste (carton board, alu-paper and innerframe) 

 

 

Weight of the carton board waste C5j is 

 

  C5j = C5i  I1l / 1000   (44) 

 

where 

 C5i = Carton board area of the waste in m2 

 I1l = Carton board grammage 

 

 

Total cost of the carton board C5k is 

 

  C5k = C5a  C5h   (45) 

 

where 

 C5a  = Carton board price in kilograms 

 C5h = Carton board total weight including waste 

 

TRANSPORTATION COST 

 

Number of reels in order C6a is 

 

  C6a = C5f / I4a    (46) 

 

where 

 C5f = Carton board total length including waste 

 I4a = Ordered reel length in meters 

 

 

Paper to laminator C6b is 

 

  C6b = C7d / 1000  I1t   (47) 

 

where 

 C7d = Total weight of the paper 

 I1t = Transportation costs (same for each trip) 

 

 

Alu-paper to the Brand Owner C6c is 
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  C6c = C7h / 1000  I1t   (48) 

 

where 

 C7h = Weight of alu-paper including waste 

 I1t = Transportation costs (same is used for each location) 

 

 

Foil weight C6d is 

 

  C6d = (I1q  C5g) / 1000   (49) 

 

where 

 I1q = Foil grammage 

 C5g  = Carton board total area including waste 

 

 

Transportation cost from mill to laminator C6e is 

 

  C6e = (C5h / 1000)  I1t   (50) 

 

where 

 C5h = Carton board total weight including waste 

 I1t = Transportation costs (same for each trip) 

 

 

Transportation cost from laminator to converter C6f is 

 

  C6f = (C5h + C6d) / 1000  I1t  (51) 

 

where 

 C5h = Carton board total weight including waste 

 C6d = Foil weight 

 I1t = Transportation cost 

 

 

Transportation cost from converter to Brand Owner C6g is 

 

  C6g = (C5h + C6d)  I1t   (52) 

 

where 

 C5h = Carton board total weight including waste 

 C6d = Foil weight 

 I1t = Transportation costs 
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Weight of cigarettes in one package C6h is   

   

  C6h=I1a / 20 / 1000   (53) 

 

where  

 I1a = Number of blanks in production run 

 

Transportation cost from Brand owner to retailer C6i is   

   

  C6i = (C5h + C6d + C9d + C6h) / 1000 * I1t (54) 

 

Where 

 C5h = Carton board total weight including waste 

 C6d = Foil weight 

 C9d = Total weight of the carton board needed for the 

innerframes 

 C6h  = Weight of cigarettes in one package 

 I1t = Transportation cost 

 

 

Summary of the transportation costs C6j is 

 

  C6j = C6b + C6c +C6e + C6f + C6g + C6i  (55) 

 

where 

 C6b  = Paper to laminator 

 C6c = Alu-paper to the Brand Owner 

 C6e = Transportation cost from mill to laminator 

 C6f = Transportation cost from laminator to converter 

 C6g = Transportation cost from converter to Brand Owner 

 C6i = Transportation cost from Brand owner to retailers 

 

 

ALU-PAPER COST 

 

Price of laminated paper C7a is 

 

  C7a = I1m / 1000   (56) 

 

where 

 I1m = Alu-paper price 

 

 

Frame size C7b is 
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  C7b = I5a  I5b    (57) 

 

where 

 I5a = Frame length  

 I5b = Frame width 

 

 

Total area of alu-paper C7c is 

 

  C7c = I1a  C7b   (58) 

 

where 

 I1a = Number of blanks in production run 

 C7b = Frame size 

 

 

Total weight of paper used in alu-paper C7d is 

 

  C7d = I1a  I1n / 1000   (59) 

 

where 

 I1a = Number of blanks in production run 

 I1n = Paper grammage 

 

 

Total area of paper including waste C7e is 

 

  C7e = C7d + (C7d / 100)  I1r   (60) 

 

where 

 C7d  = Total weight of paper used in alu-paper 

 I1r = Material waste (board, alu-paper and innerframe) 

 

 

Total weight of the paper including waste C7f is 

 

  C7f = C7e + (C7e / 100)  I1r   (61) 

 

where 

 C7e = Total area of paper including waste 

 I1r = Material waste (board, alu-paper and innerframe) 

 

Total weight of alu-foil including waste C7g is 
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  C7g = C7e  I1o / 1000   (62) 

 

where 

 C7e = Total area of paper including waste 

 I1o = Alu-foil grammage 

 

 

Total weight of alu-paper including waste C7h is 

 

  C7h = C7f + C7g   (63) 

 

where 

 C7f = Total weight of the paper including waste 

 C7g = Total weight of alu-foil including waste 

 

 

Weight of alu-paper waste C7i is 

 

  C7i = (C7h / 100)  I1r   (64) 

 

where 

 C7h = Total weight of alu-paper including waste 

 I1r = Material waste (board, alu-paper and innerframe) 

 

 

Total alu-paper cost for the job C7j is 

 

  C7j = C7a  C7h   (65) 

 

where 

 C7a = Price of laminated paper in kg 

 C7h = Total weight of the paper including waste 

 

 

TAX LABEL COST 

 

Tax label cost for the job C8a is 

 

  C8a = I6a  I1a    (66) 

 

where 

 I6a = Cost per label (external calculation) 

 I1a = Number of blanks in production run including waste 
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INNERFRAME COST 

 

Innerframe flap size C9a is 

 

  C9a = I7c  I7d    (67) 

 

where 

 I7c = Innerframe flap length 

 I7d = Innerframe flap width 

 

 

Total area of carton board needed for the innerframes C9b is 

 

  C9b = I1a  C9a   (68) 

 

where 

 I1a = Number of blanks in production run 

 C9a = Innerframe flap size 

 

 

Total area of carton board needed for the innerframes including waste C9c is 

 

  C9c = C9b + (C9b / 100)  I1r   (69) 

 

where 

 C9b = Total area of carton board needed for the innerframes 

 I1r = Material waste (board, alu-paper and innerframe) 

 

 

Total weight of the carton board needed for the innerframes C9d is 

 

  C9d = C9c  I7b / 1000   (70) 

 

where 

C9c = Total area of carton board needed for the innerframes 

including waste 

 I7b = Innerframe carton board grammage 

 

 

Weight of innerframe waste C9e is 

 

  C9e = (C9c - C9b)  I7b / 1000  (71) 
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where 

 C9b = Total area of carton board needed for the innerframes 

C9c = Total area of carton board needed for the innerframes 

including waste 

I7b = Innerframe carton board grammage 

 

 

Total cost of carton board for innerframes C9f is 

 

  C9f = I7a  C9d    (72) 

 

where 

 I7a = Carton board price for innerframes 

 C9d = Total weight of the carton board needed for the 

innerframes 

 

 

PRODUCER PAYMENT COST 

 

Producer payment cost for the carton board including innerframes C10a is 

 

  C10a = (C5h + C9d) / 1000  I1u  (73) 

 

where 

C5h = Carton board total weight including waste 

C9d = Total weight of the carton board needed for the 

innerframes 

I1u = Producer payment, carton board and corrugated 

 

 

Producer payment cost for the alu-paper including waste C10b is 

 

  C10b = C7h / 1000  I1v   (74) 

 

where 

 C7h = Total weight of alu-paper including waste 

 I1v = Producer payment, alu-paper and Transmet 

 

 

Producer payment cost for the foil C10c is 

 

  C10c = C6d / 1000  I1v   (75) 
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where 

 C6d = Foil weight 

 I1v = Producer payment, alu-paper and foil 

 

 

Producer payment cost for the blanks C10d is 

 

  C10e = C20f / 1000  I1u   (76) 

 

where 

 C20f = Total weight of boxes for blanks 

I1u = Producer payment, carton board and corrugated 

 

 

Producer payment cost for the cartons C10e is 

 

  C10e = C20c / 1000  I1u   (77) 

 

where 

 C20c = Total weight of boxes for cartons 

I1u = Producer payment, carton board and corrugated 

 

 

Summary of the producer payment costs for the job C10f is 

 

  C10f = C10a + C10b + C10C + C10d + C10e  (78) 

 

where 

C10a  = Producer payment cost for the carton board including 

innerframes 

 C10b = Producer payment cost for the alu-paper including waste 

 C10c  = Producer payment cost for the Transmet 

 C10d = Producer payment cost for the blanks 

 C10e = Producer payment cost for the cartons 

 

PRIMER AND INK COST 

 

Primer consumption C11pa is  

 

  C11pa = I8aa  C5g / 1000   (79) 

 

where 

 I8aa = Primer consumption 

 C5g = Carton board total area including waste 
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Primer waste C11pb is 

 

  C11pb = C11pa / 100  I1s   (80) 

 

where 

 C11pa = Primer usage (100%) 

 I1s = Consumables waste (primer, ink, varnish, glue) 

 

 

Primer consumption including waste C11pc is 

 

  C11pc = (C11pa + C11pb)  I8cc / 100  (81) 

 

where 

 C11pa = Primer consumption 

 C11pb = Primer waste 

 I8cc = Primer coverage 

 

Primer waste cost C11pd is 

 

  C11pd =C11pc  I8bb   (82) 

 

where 

 C11pc = Primer consumption including waste 

 I8bb = Primer price 

 

 

Primer cost including waste C11pe is 

 

  C11pe = (C11pa + C11pb)  I8bb   (83) 

 

where 

 C11pa = Primer consumption 

 C11pb = Primer waste 

 I8bb = Primer price 

 

 

Primer cost per coverage C11pf is 

 

  C11pf = C11pe / 100  I8cc   (84) 

 

where 
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 C11pe  = Primer cost including waste  

 I8cc = Primer coverage 

 

 

Tower 1 ink consumption C11a is 

 

  C11a = I8a  C5g / 1000   (85) 

 

where 

 I8a = Ink consumption 

 C5g = Carton board total area for the blanks including waste 

 

 

Tower 1 ink waste C11b is 

 

  C11b = C11a / 100  I1s   (86) 

 

where 

 C11a = Tower 1 ink consumption 

 I1s = Consumables waste (primer, ink, varnish, glue) 

 

 

Tower 1 ink consumption including waste C11c is 

 

  C11c = (C11a + C11b)   I8c / 100  (87) 

 

where 

 C11a = Tower 1 ink consumption 

 C11b = Tower 1 ink waste 

 I8c = Tower 1 ink coverage 

 

 

Tower 1 ink waste cost C11d is 

 

  C11d =C11b  I8b   (88) 

 

where 

 C11b = Tower 1 ink waste 

 I8b = Tower 1 ink price 

 

 

Tower 1 ink cost including waste C11e is 

 

  C11e = (C11a + C11b)  I8b   (89) 
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where 

 C11a = Tower 1 ink consumption 

 C11b = Tower 1 ink waste 

 I8b = Tower 1 ink price 

 

 

Tower 1 ink cost per coverage C11f is 

 

  C11f = C11e / 100  I8c   (90) 

 

where 

 C11e  = Tower 1 ink cost including waste  

 I8c = Tower 1 ink coverage 

 

 

Tower 2 ink consumption C11g is 

 

  C11g = I8d  C5g / 1000   (91) 

 

where 

 I8d = Tower 2 ink consumption per m2 

 C5g = Carton board total area for the blanks including waste 

 

 

Tower 2 ink waste C11h is 

 

  C11h = C11g / 100  I1s   (92) 

 

where 

 C11g = Tower 2 ink consumption 

 I1s = Consumables waste (primer, ink, varnish, glue) 

 

 

Tower 2 ink consumption including waste C11i is 

 

  C11i = (C11g + C11h)  I8f / 100  (93) 

 

where 

 C11g = Tower 2 ink consumption 

 C11h = Tower 2 ink waste 

 I8f = Tower 2 ink coverage  
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Tower 2 ink waste cost C11j is 

 

  C11j = C11h  I8e   (94) 

 

where 

 C11h = Tower 2 ink waste 

 I8e = Tower 2 ink price 

 

 

Tower 2 ink cost including waste C11k is 

 

  C11k = (C11g + C11h)   I8e   (95) 

where 

 C11g = Tower 2 ink consumption 

 C11h = Tower 2 ink waste 

 I8e = Tower 2 ink price 

 

 

Tower 2 ink cost per coverage C11l is 

 

  C11l = C11k / 100  I8f   (96) 

 

where 

 C11k  = Tower 2 ink cost including waste  

 I8f = Tower 2 ink coverage 

 

 

Tower 3 ink consumption C11m is 

 

  C11m = I8g  C5g / 1000   (97) 

 

where 

 I8g = Tower 3 ink consumption per m2 

 C5g = Carton board total area for the blanks including waste 

 

Tower 3 ink waste C11n is 

 

  C11n = C11m / 100  I1s   (98) 

 

where 

 C11m = Tower 3 ink consumption 

 I1s = Consumables waste (primer, ink, varnish, glue) 
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Tower 3 ink consumption including waste C11o is 

 

  C11o = (C11m + C11n)  I8i / 100  (99) 

 

where 

 C11m = Tower 3 ink consumption 

 C11n = Tower 3 ink waste 

I8i = Tower 3 ink coverage 

 

 

Tower 3 ink waste cost C11p is 

 

  C11p = C11n  I8h   (100) 

 

where 

 C11n = Tower 3 ink waste 

 I8h = Tower 3 ink price 

 

 

Tower 3 ink cost including waste C11q is 

 

  C11q = (C11m  I11n)  I8h   (101) 

where 

 C11m = Tower 3 ink consumption 

 C11n = Tower 3 ink waste 

 I8h = Tower 3 ink price 

 

 

Tower 3 ink cost per coverage C11r is 

 

  C11r = C11q / 100  I8i   (102) 

 

where 

 C11q  = Tower 3 ink cost including waste  

 I8i = Tower 3 ink coverage 

 

 

Tower 4 ink consumption C11s is 

 

  C11s = I8j  C5g / 1000   (103) 

 

where 

 I8j = Tower 4 ink consumption per m2 

 C5g = Carton board total area for the blanks including waste 
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Tower 4 ink waste C11t is 

 

  C11t = C11s / 100  I1s   (104) 

 

where 

 C11s = Tower 4 ink consumption 

 I1s = Consumables waste (primer, ink, varnish, glue) 

 

 

Tower 4 ink consumption including waste C11u is 

  

  C11u = (C11s + C11t)  I8l / 100  (105) 

  

where 

 C11s = Tower 4 ink consumption 

 C11t = Tower 4 ink waste 

I8l  = Tower 4 ink coverage 

 

 

Tower 4 ink waste cost C11v is 

 

  C11v = C11t  I8k   (106) 

 

where 

 C11t = Tower 4 ink waste 

 I8k = Tower 4 ink price 

 

 

Tower 4 ink cost including waste C11x is 

 

  C11x = (C11s + C11t)  I8k   (107) 

where 

 C11s = Tower 4 ink consumption 

 C11t = Tower 4 ink waste 

 I8k = Tower 4 ink price 

 

 

Tower 4 ink cost per coverage C11y is 

 

  C11y = C11x / 100  I8l   (108) 

 

where 
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 C11x  = Tower 4 ink cost including waste  

 I8l = Tower 4 ink coverage 

 

 

Tower 5 ink consumption C11z is 

 

  C11z = I8m  C5g / 1000   (109) 

 

where 

 I8m = Tower 5 ink consumption per m2 

 C5g = Carton board total area for the blanks including waste 

 

 

Tower 5 ink waste C11aa is 

 

  C11aa = C11z / 100  I1s   (110) 

 

where 

 C11z = Tower 5 ink consumption 

 I1s = Consumables waste (primer, ink, varnish, glue) 

 

Tower 5 ink consumption including waste C11ab is 

 

  C11ab = (C11z + C11aa)  I8o / 100  (111) 

 

where 

 C11z = Tower 5 ink consumption 

 C11aa = Tower 5 ink waste 

I8o = Tower 5 ink coverage 

 

 

Tower 5 ink waste cost C11ac is 

 

  C11ac = C11ab  I8n   (112) 

 

where 

 C11ab = Tower 5 ink waste 

 I8n = Tower 5 ink price 

 

 

Tower 5 ink cost including waste C11ad is 

 

  C11ad = (C11z + C11aa)  I8n   (113) 
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where 

 C11z = Tower 5 ink consumption 

 C11aa = Tower 5 ink waste 

 I8n = Tower 5 ink price 

 

 

Tower 5 ink cost per coverage C11ae is 

 

  C11ae = C11ad / 100  I8o   (114) 

 

where 

 C11ad  = Tower 5 ink cost including waste  

 I8o = Tower 5 ink coverage 

 

 

Tower 6 ink consumption C11af is 

 

  C11af = I8p  C5g / 1000   (115) 

 

where 

 I8p = Tower 6 ink consumption per m2 

 C5g = Carton board total area for the blanks including waste 

 

 

 

Tower 6 ink waste C11ag is 

 

  C11ag = C11af / 100  I1s   (116) 

 

where 

 C11af = Tower 6 ink consumption 

 I1s = Consumables waste (primer, ink, varnish, glue) 

 

 

Tower 6 ink consumption including waste C11ah is 

 

  C11ah = (C11af + C11ag)  I8r / 100  (117) 

 

where 

 C11af = Tower 6 ink consumption 

 C11ag = Tower 6 ink waste 

 I8r = Tower 6 ink coverage 
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Tower 6 ink waste cost C11ai is 

 

  C11ai = C11ag  I8q   (118) 

 

where 

 C11ag = Tower 6 ink waste 

 I8q = Tower 6 ink price 

 

 

Tower 6 ink cost including waste C11aj is 

 

  C11aj = (C11af + C11ag)  I8q   (119) 

 

where 

 C11af = Tower 6 ink consumption 

 C11ag = Tower 6 ink waste 

 I8q = Tower 6 ink price 

 

 

Tower 6 ink cost per coverage C11ak is 

 

  C11ak = C11aj / 100  I8r   (120) 

 

where 

 C11aj  = Tower 6 ink cost including waste  

 I8r = Tower 6 ink coverage 

 

 

Tower 7 ink consumption C11al is 

 

  C11al = I8s  C5g / 1000   (121) 

 

where 

 I8s = Tower 7 ink consumption per m2 

 C5g = Carton board total area for the blanks including waste 

 

 

 

Tower 7 ink waste C11am is 

 

  C11am = C11al / 100  I1s   (122) 

 

where 

 C11al = Tower 7 ink consumption 
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 I1s = Consumables waste (primer, ink, varnish, glue) 

 

Tower 7 ink consumption including waste C11an is 

 

  C11an = (C11al + C11am)  I8u / 100  (123) 

 

where 

 C11al = Tower 7 ink consumption 

 C11am = Tower 7 ink waste 

 I8u = Tower 7 ink coverage 

 

 

Tower 7 ink waste cost C11ao is 

 

  C11ao = C11am  I8t   (124) 

 

where 

 C11am = Tower 7 ink waste 

 I8t = Tower 7 ink price 

 

 

Tower 7 ink cost including waste C11ap is 

 

  C11ap = (C11al + C11am)  I8t   (125) 

where 

 C11al = Tower 7 ink consumption 

 C11am = Tower 7 ink waste 

 I8t = Tower 7 ink price 

 

 

Tower 7 ink cost per coverage C11aq is 

 

  C11aq = C11ap / 100  I8u   (126) 

 

where 

 C11ap  = Tower 7 ink cost including waste  

 I8u = Tower 7 ink coverage 

 

 

Tower 8 ink consumption C11ar is 

 

  C11ar = I8v  C5g / 1000   (127) 

 

where 
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 I8v = Tower 8 ink consumption per m2 

 C5g = Carton board total area for the blanks including waste 

 

 

Tower 8 ink waste C11as is 

 

  C11as = C11ar / 100  I1s   (128) 

 

where 

 C11ar = Tower 8 ink consumption 

 I1s = Consumables waste (primer, ink, varnish, glue) 

 

 

Tower 8 ink consumption including waste C11at is 

 

  C11at = (C11ar + C11as)  I8y / 100  (129) 

 

where 

 C11ar = Tower 8 ink consumption 

 C11as = Tower 8 ink waste 

 I8y = Tower 8 ink coverage 

 

 

Tower 8 ink waste cost C11au is 

 

  C11au = C11as  I8x   (130) 

 

where 

 C11as = Tower 8 ink waste 

 I8x = Tower 8 ink price 

 

 

Tower 8 ink cost including waste C11av is 

 

  C11av = (C11ar + C11as)  I8x   (131) 

where 

 C11ar = Tower 8 ink consumption 

 C11as = Tower 8 ink waste 

 I8x = Tower 8 ink price 

 

 

Tower 8 ink cost per coverage C11ax is 

 

  C11ax = C11av / 100  I8y   (132) 
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where 

 C11av  = Tower 8 ink cost including waste  

 I8y = Tower 8 ink coverage 

 

 

Total ink consumption including waste C11be is 

 

  C11be = C11c + C11i + C11o + C11u + C11ab + C11ah +  

              C11an + C11at    (133) 

 

where 

 C11c = Tower 1 ink consumption including waste 

 C11i = Tower 2 ink consumption including waste 

 C11o = Tower 3 ink consumption including waste 

 C11u = Tower 4 ink consumption including waste 

 C11ab = Tower 5 ink consumption including waste 

 C11ah = Tower 6 ink consumption including waste 

 C11an = Tower 7 ink consumption including waste 

 C11at = Tower 8 ink consumption including waste 

 

 

VARNISH CONSUMPTION 

 

Tower 9 varnish consumption C12a is  

 

  C12a = I9a  C5g / 1000   (134) 

 

where 

 I9a = Tower 9 varnish consumption 

 C5g = Carton board total area including waste 

 

 

Tower 9 varnish waste C12b is 

 

  C12b = C12a / 100  I1s   (135) 

 

where 

 C12a = Tower 9 varnish consumption 

 I1s = Consumables waste (primer, ink, varnish, glue) 

 

 

Tower 9 varnish consumption including waste C12c is 
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  C12c = (C12a + C12b)  I9c / 100  (136) 

    

where 

 C12a = Tower 9 varnish consumption 

 C12b = Tower 9 varnish waste 

 I9c = Tower 9 varnish coverage 

 

 

Tower 9 varnish waste cost C12d is 

 

  C12d = C12b  I9b    (137) 

 

where 

 C12b = Tower 9 varnish waste 

 I9b = Tower 9 varnish price 

 

 

Tower 9 varnish cost including waste C12e is 

 

  C12e = (C12a + C12b)  I99   (138) 

 

where 

 C12a = Tower 9 varnish consumption 

 C12b = Tower 9 varnish waste 

 I9b = Tower 9 varnish price 

 

 

Tower 9 varnish cost per coverage C12f is 

 

  C12f = C12e / 100  I9c   (139) 

 

where 

 C12e  = Tower 9 varnish cost including waste  

 I9c = Tower 9 varnish coverage 

 

 

Tower 10 varnish consumption C12g is  

 

  C12g = I9d  C5g / 1000   (140) 

 

where 

 I9d = Tower 10 varnish consumption 

 C5g = Carton board total area including waste 
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Tower 10 varnish waste C12h is 

 

  C12h = C12g / 100  I1s   (141) 

 

where 

 C12g = Tower 10 varnish consumption 

 I1s = Consumables waste (primer, ink, varnish, glue) 

 

 

Tower 10 varnish consumption including waste C12i is 

 

  C12i = (C12g + C12h)  I9f / 100  (142) 

 

where 

 C12g = Tower 10 varnish consumption 

 C12h = Tower 10 varnish waste 

 I9f = Tower 10 varnish coverage 

 

 

Tower 10 varnish waste cost C12j is 

 

  C12j = C12h  I9e    (143) 

 

where 

 C12h = Tower 10 varnish waste 

 I9e = Tower 10 varnish price 

 

 

Tower 10 varnish cost including waste C12k is 

 

  C12k = (C12g + C12h)  I9f   (144) 

 

where 

 C12g = Tower 10 varnish consumption 

 C12h = Tower 10 varnish waste 

 I9f = Tower 10 varnish price 

 

 

Tower 10 varnish cost per coverage C12l is 

 

  C12l = C12k / 100  I9f   (145) 

 

where 
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 C12k  = Tower 10 varnish cost including waste  

 I9f = Tower 10 varnish coverage 

 

 

Total varnish consumption including waste C12m is 

 

  C12m = C12c + C12i   (146) 

 

where 

 C12c = Tower 9 varnish consumption including waste 

 C12i = Tower 10 varnish consumption including waste 

 

 

CIGARETTE PACKER GLUE COST 

 

Packer glue consumption C13a is 

 

  C13a = I10b  I1a   (147) 

 

where 

 I10b = Packer glue consumption for one blank 

 I1a = Number of blanks in production run  

 

Packer glue consumption including waste C13b is 

 

  C13b = C13a + C13a / 100  I1s  (148) 

 

where 

 C13a = Packer glue consumption 

 I1s = Consumables waste (primer, ink, varnish, glue) 

 

 

CARTON BOARD METALLIZATION COST 

 

Metallized board price C14a is 

 

  C14a = I14a  I1k   (149) 

 

Where 

 

 I14a = Metallization cost versus board price 

 I1k = Carton board price 
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CONSUMABLES COST 

 

Ink cost for the job C15a is 

 

  C15a = C11f + C11l + C11r + C11y + C11ae + C11ak + C11aq + C11ax

      (150) 

 

Where 

 C11f = Tower 1 ink cost per coverage 

 C11l = Tower 2 ink cost per coverage 

 C11r = Tower 3 ink cost per coverage 

 C11y = Tower 4 ink cost per coverage 

 C11ae = Tower 5 ink cost per coverage 

 C11ak = Tower 6 ink cost per coverage 

 C11aq = Tower 7 ink cost per coverage 

 C11ax = Tower 8 ink cost per coverage 

 

Varnish cost for the job C15b is 

 

  C15b = C12f + C12l   (151) 

 

where 

 C12f = Tower 9 varnish cost per coverage 

 C12l = Tower 10 varnish cost per coverage 

 

Glue cost for the job C15c is 

 

  C15c = I10a  C13b   (152) 

 

where 

 I10a = Glue price 

 C13b = Packer glue consumption including waste 

 

 

Primer cost for the job C15d is 

 

  C15d = C11pc  I8bb   (153) 

 

where 

 C11pc = Primer consumption including waste 

 I8bb = Primer price 

 

 

Ink waste cost C15e is 
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  C15e = C11d + C11j + C11p + C11v + C11ac + C11ai + C11ao + C11au

      (154) 

 

where 

 C11d = Tower 1 ink waste cost 

 C11j = Tower 2 ink waste cost 

 C11p = Tower 3 ink waste cost 

 C11v = Tower 4 ink waste cost 

 C11ac = Tower 5 ink waste cost 

 C11ai = Tower 6 ink waste cost 

 C11ao = Tower 7 ink waste cost 

 C11au = Tower 8 ink waste cost 

 

Varnish waste cost C15f is 

 

  C15f = C12d + C12j   (155) 

 

where 

 C12d = Tower 9 varnish waste cost 

 C12j = Tower 10 varnish waste cost 

 

 

Glue waste cost C15g is 

 

  C15g = (C13b - C13a)  I10a   (156) 

 

where 

 C13b = Glue consumption including waste 

 C13a = Glue consumption 

 I10a = Glue price 

 

 

Primer waste cost C15h is 

 

  C15h = C11pb  I8bb   (157) 

 

where 

 C11pb = Primer waste 

 I8bb = Primer price 
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PRINTING TOOLS COST 

 

Cost of printing cylinders C16a is 

 

  C16a = 8  I11a    (158) 

 

where 

 I11a = Printing cylinder price 

 

 

Cost of doctor blades C16b is 

 

  C16b = I11n  I11b   (159) 

 

where 

 

 I11n = Number of printing cylinders used  

I11b = Doctor blade price 

 

 

Cost of impression rollers C16c is 

 

  C16c = I11n  I11c   (160) 

 

where 

 I11n = Number of printing cylinders used 

I11c = Impression roller price 

 

 

Cost of one printing tool set C16d is 

 

  C16d = C16a + C16b + C16c   (161) 

 

where 

 C16a = Cost of printing cylinders 

 C16b = Cost of doctor blades  

 C16c = Cost of impression rollers 

 

 

Total cost of printing tools including a spare set C16e is 

 

  C16e = C16d  2   (162) 

 

where 
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 C16d = Total cost of one printing tool set 

 

 

Share of tool wearing for the job C16f is 

 

  C16f = C5f  100 / I11d   (163) 

 

where 

 C5f = Carton board total length including waste 

 I11d = Maximum amount of impressions before re-chroming 

 

 

Total printing tool wearing cost for the job C16g is 

 

  C16g = C16e / 100  C16f   (164) 

 

where 

 C16e = Total cost of printing tools including a spare set 

 C16f = Share of printing tools wearing for one job 

 

 

DIE-CUTTING TOOLS COST 

 

Total cost of die-cutting tools including a spare set C17a is 

 

  C17a = I13a  2    (165) 

 

where 

 I13a = Price of one die-cutting set 

 

 

Share of die-cutting tools wearing for the job C17b is 

 

  C17b = C5f  100 / I13b   (166) 

 

where 

 C5f = Carton board total length including waste 

 I13b = Amount of impressions before sharpening 

 

 

Share of die-cutting tool wearing cost for the job C17c is 

 

  C17c = C17a / 100  C17b   (167) 
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where 

 C17a = Total cost of die-cutting tools including a spare set 

 C17b = Share of die-cutting tools wearing for the job 

 

 

VARNISHING CYLINDERS COST 

 

Total cost of two varnishing cylinder sets including spare sets C18a is 

 

  C18a = I12n  I12a   (168) 

 

where 

 I12n = Number of varnishing cylinders used 

I12a = Varnishing cylinder set price 

 

 

Share of varnishing tool wearing for the job C18b is 

 

  C18b = C5f  100 / I12b   (169) 

 

where 

 C5f = Carton board total length including waste 

 I12b = Maximum amount of varnishing tool impressions 

 

 

Varnishing tool wearing cost for the job C18c is 

 

  C18c = C18a / 100  C18b   (170) 

 

where 

 C18a = Total cost of two varnishing cylinder sets including spare 

sets 

 C18b = Share of varnishing tool wearing for the job 

 

 

EMBOSSING TOOL COST 

 

Total cost of embossing cylinder set including a spare set C19a is 

 

  C19a = I15a  2    (171) 

 

where 

 I15a = Embossing cylinder set price 
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Share of embossing tool wearing for the job C19b is 

 

  C19b = C5f   100 / I14b   (172) 

 

where 

 C5f = Carton board total length including waste 

 I14b = Maximum amount of embossing tool impressions 

 

 

Embossing tool wearing cost for the job C19c is 

 

  C19c = C19a / 100  C19b   (173) 

 

Where 

 C19a = Total cost of embossing cylinder set including a spare set 

 C19b = Share of embossing tool wearing for the job 

 

 

CORRUGATED PACKAGES COST 

 

Corrugated packages needed for cartons C20a is 

 

  C20a = I1a / I16a   (174) 

 

where 

 I1a = Number of blanks in the production run 

 I16a = Cartons in one corrugated box 

 

 

Total cost of boxes for cartons C20b is 

 

  C20b = I16b  I16c  I16e  C20a   (175) 

 

where 

 I16b = Width of the corrugated package 

 I16c = Length of the corrugated package 

 I16e = Price of the corrugated package 

 C20a = Corrugated packages needed for cartons 

I1r = Material waste (carton board, alu-paper, innerframe and 

corrugated board) 

 

 

Total weight of the corrugated boxes for the cartons C20c is 
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  C20c = (I16b  I16c  I16d / 1000)  C20b  (176) 

 

where 

 I16b = Width of the corrugated package 

 I16c = Length of the corrugated package 

 I16d = Grammage of the corrugated board 

 C20a = Corrugated packages needed for cartons 

 

 

Corrugated packages needed for blanks C20d is 

 

  C20d = I1a / I16f   

      (177) 

 

where 

 I1a = Number of blanks in the production run 

 I16f = Blanks in one corrugated box 

 

 

Total cost of boxes for blanks C20e is 

 

  C20e = I16g  I16h  I16e  C20d   (178) 

 

where 

 I16g = Width of the corrugated package 

 I16h = Length of the corrugated package 

 I16e = Price of the corrugated package 

 C20d = Corrugated packages needed for blanks 

I1r = Material waste (carton board, alu-paper, innerframe and 

corrugated board) 

 

 

Total weight of the corrugated boxes for the blanks C20f is 

 

  C20f = (I16g  I16h  I16i / 1000)  C20d  (179) 

 

where 

 I16g = Width of the corrugated package 

 I16h = Length of the corrugated package 

 I16d = Grammage of the corrugated board 

 C20e = Corrugated packages needed for cartons 
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Total weight of corrugated boxes for cartons including waste C20g is 

 

  C20g = C20c + C20c / 100  I1r  

      (180) 

 

where 

 C20c  = Total weight of the corrugated boxes for the cartons 

I1r = Material waste (carton board, alu-paper, innerframe and 

corrugated board) 

 

 

Total weight of corrugated boxes for cartons including waste C20h is 

 

  C20h = C20f + C20f / 100  I1r   (181) 

 

where 

 C20f  = Total weight of the corrugated boxes for the cartons 

I1r = Material waste (carton board, alu-paper, innerframe and 

corrugated board) 

 

 

Total weight of corrugated board waste C20i is 

 

  C20i = (C20g - C20c) + (C20h - C20f)  (182) 

 

where 

C20g = Total weight of corrugated boxes for cartons including 

waste 

 C20c = Total weight of the corrugated boxes for the cartons 

C20h = Total weight of corrugated boxes for cartons including 

waste 

 C20f = Total weight of the corrugated boxes for the blanks 

 

 

Total area of corrugated board waste C20j is 

 

  C20j = C20i  1000 / I16d   (183) 

 

where 

 C20i = Total weight of corrugated board waste 

 I16d = Grammage of corrugated board 

 

 

Total cost of corrugated board waste C20k is 
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  C20k = C20j  I16e   (184) 

 

where 

 C20j = Total area of corrugated board waste 

 I16e = Price of corrugated board 

 

 

Total cost of corrugated boxes C20l is 

 

  C20l = C20b + C20e + C20k   (185) 

 

where 

 C20b = Total cost of boxes for cartons including waste 

 C20e = Total cost of boxes for blanks including waste 

 C20k = Total cost of corrugated board waste 

 

 

MATERIALS AND CONSUMABLES WASTE COST 

 

Cost of material waste C21a is 

 

C21a = C5j  (I1k / 1000) + C7i  (I1m / 1000) + C5j  (I1k / 1000           

C9e)     (186) 

 

where 

 C5j = Weight of carton board waste 

 I1k = Carton board price 

 C7i = Weight of alu-paper waste 

 I1m = Alu-paper price 

 C9e = Weight of innerframe waste 

 

 

Cost of consumables waste C21b is 

  

  C21b = C15e + C15f + C15g + C15h  (187) 

 

where 

 C15e = Cost of ink waste 

 C15f = Cost of varnish waste 

 C15g = Cost of glue waste 

 C15h = Cost of primer waste 
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TOTAL COSTS 

 

Total cost of the job C22a is  

 

C22a = C2a + C2f + C2e + C4a + C4f + C4e + C7j + C9f + C8a 

+C15a +     C15b + C15c +C15d + C14a + C16g + C18c + C17c + 

C19c + C6i + C10f + C20l + C21a + C21b  (188) 

 

where 

 C2a = Cost of printing press and die-cutter changeover time 

C2f = Cost of printing press and die-cutter run time 

C2e = Cost of printing press and die-cutter downtime 

C4a = Cost of packer changeover time 

C4f = Cost of packer run time 

C4e = Cost of packer down time 

C7j = Cost of alu-paper  

C9f = Cost of innerframes 

C8a = Cost of tax labels 

C15a = Cost of inks 

C15b = Cost of varnishes 

C15C = Cost of glue 

C15d = Cost of primer 

C14a = Cost of metallized carton board  

C16g = Cost of printing cylinders wearing 

C18c = Cost of varnishing cylinders wearing 

C17c = Cost of die-cutting tools wearing 

C19c = Cost of embossing tools wearing 

C6i = Cost of transportation 

C10f = Cost of producer responsibility payment 

C20l = Cost of corrugated boxes 

C21a = Cost of material waste 

C21b = Cost of consumables waste 

   

 

SHARE OF TOTAL COSTS  

 

Share of printing press and die-cutter changeover time of total costs C23a is 

 

  C23a = C2a  100 / C22a   (189) 

 

where 

 C2a = Cost of printing press and die-cutter changeover time 

 C22a = Total cost of the job 

 



Appendix A: Equations of the model 175 

 

Share of printing press and die-cutter run time of total costs C23b is 

 

  C23b = C2f   100 / C22a   (190) 

 

where 

C2f = Cost of printing press and die-cutter run time 

 C22a = Total cost of the job 

 

 

Share of printing press and die-cutter downtime of total costs C23c is 

 

  C23c = C2e  100 / C22a   (191) 

 

where 

C2e = Cost of printing press and die-cutter downtime 

 C22a = Total cost of the job 

 

 

Share of packer changeover time of total costs C23d is 

 

  C23d = C4a  100 / C22a   (192) 

 

where 

C4a = Cost of packer changeover time 

 C22a = Total cost of the job 

 

Share of packer run time of total costs C23e is 

 

  C23e = C4f   100 / C22a   (193) 

 

where 

C4f = Cost of packer run time 

 C22a = Total cost of the job 

 

 

Share of packer downtime of total costs C23f is 

 

  C23f = C4e  100 / C22a   (194) 

 

where 

C4e = Cost of packer downtime 

 C22a = Total cost of the job 
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Share of alu-paper of total costs C23g is 

 

  C23g = C7j  100 / C22a   (195) 

 

where 

C7j = Cost of alu-paper 

 C22a = Total cost of the job 

 

 

Share of innerliners out of total costs C23h is 

 

  C23h = C9f   100 / C22a   (196) 

 

where 

C9f = Cost of innerframes 

 C22a = Total cost of the job 

 

 

Share of tax labels of total costs C23i is 

 

  C23i = C8a  100 / C22a   (197) 

 

where 

C8a = Cost of tax labels 

 C22a = Total cost of the job 

 

 

Share of ink cost of total costs C23j is 

 

  C23j = C15a  100 / C22a   (198) 

 

where 

C15a = Cost of inks 

 C22a = Total cost of the job 

 

 

Share of varnish cost of total costs C23k is 

 

  C23k = C15b  100 / C22a   (199) 

 

where 

C15b = Cost of varnishes 

 C22a = Total cost of the job 
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Share of glue cost of total costs C23l is 

 

  C23l = C15c  100 / C22a   (200) 

 

where 

C15c = Cost of glue 

 C22a = Total cost of the job 

 

 

Share of primer cost of total costs C23m is 

 

  C23m = C15d  100 / C22a   (201) 

 

where 

C15d = Cost of primer 

 C22a = Total cost of the job 

 

 

Share of metallized board cost of total costs C23n is 

 

  C23n = C14a  100 / C22a   (202) 

 

where 

C14a = Cost of metallized carton board 

 C22a = Total cost of the job 

 

 

Share of printing cylinders wearing cost of total costs C23o is 

 

  C23o = C16g  100 / C22a   (203) 

 

where 

C16g = Cost of printing cylinders wearing 

C22a = Total cost of the job 

 

 

Share of varnishing cylinders wearing cost of total costs C23p is 

 

  C23p = C18c  100 / C22a   (204) 

 

where 

C18c = Cost of varnishing cylinders wearing 

C22a = Total cost of the job 
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Share of die-cutting tools wearing cost of total costs C23q is 

 

  C23q = C17c  100 / C22a   (205) 

 

where 

C17c = Cost of die-cutting tools wearing 

C22a = Total cost of the job 

 

 

Share of embossing tool wearing cost of total costs C23r is 

 

  C23r = C19c  100 / C22a   (206) 

 

where 

C19c = Cost of embossing tools wearing 

C22a = Total cost of the job 

 

 

Share of transportation cost of total costs C23s is 

 

  C23s = C6i  100 / C22a   (207) 

 

where 

C6i = Cost of transportation 

C22a = Total cost of the job 

 

 

Share of producer responsibility payment of total costs C23t is 

 

  C23t = C10f   100 / C22a   (208) 

 

where 

C10f = Cost of producer responsibility payment 

C22a = Total cost of the job 

 

 

Share of corrugated boxes cost of total costs C23u is 

 

  C23u = C20l   100 / C22a   (209) 

 

where 

C20l = Cost of corrugated boxes 
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C22a = Total cost of the job 

 

 

Share of material waste cost of total costs C23v is 

 

  C23v = C21a  100 / C22a   (210) 

 

where 

C21a = Cost of material waste 

C22a = Total cost of the job 

 

 

Share of material waste cost of total costs C23x is 

 

  C23x = C21b  100 / C22a   (211) 

 

where 

C21b = Cost of consumables waste 

C22a = Total cost of the job 

 

 

PRODUCTION TIME AND TOTAL PRODUCTION COST PER HOUR 

 

Total production time C24a is 

 

  C24a = I1c + C2c + I1e + C4c  (212) 

 

where 

 

 I1c = Press and die-cutter changeover time 

C2c = Press and die-cutter production time including downtime 

and waste 

 I1e = Packer changeover time 

 C4c = Packer production time including downtime and waste 

 

Total cost of the production hour C24b is 

 

  C24b = C22a / C24a   (213) 

  

where 

 

 C22a = Total cost of the job 

 C24a = Total production time 
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Appendix B: Presentation of the input variables 

 

Table 1. Presentation of the 16 sub-groups for the input values 

Group name Index 

Production parameters I1 

Printing press and die-cutter I2 

Cigarette packer I3 

Transportation I4 

Alu-paper I5 

Tax labels I6 

Innerframes I7 

Ink and primer I8 

Varnish I9 

Cigarette packer glue I10 

Printing tools I11 

Varnishing tools I12 

Die-cutting tools I13 

Metallization I14 

Embossing tools I15 

Corrugated boxes I16 
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Table 2. Production parameters (I1) 

Variable         Index Unit 

Number of blanks in production run  I1a pcs 

Printing and die-cutting speed   I1b m/min 

Press and die-cutter changeover time  I1c min 

Production uptime for the printing press and die-cutter I1d % 

Packer changeover time   I1e min 

Packer speed    I1f packs/min 

Production uptime (Packer)   I1g % 

Die-cutter cylinder length   I1h length/m 

Die-cutter cylinder width   I1i width/m 

Number of blanks achieved in one rotation  I1j up 

Board price    I1k €/t 

Board grammage    I1l gsm 

Alu-paper price    I1m €/t 

Paper grammage    I1n gsm 

Alu-foil grammage     I1o gsm 

Foil laminated board vs board price  I1p €/t 

Foil grammage    I1q gsm 

Material waste (board, alu-paper and innerframe) I1r % 

Consumables waste (primer, ink, varnish, glue) I1s % 

Transportation costs (for each trip)  I1t €/t 

Producer payment, board and corrugated  I1u €/t 

Producer payment, alu-paper   I1v €/t 

 

Table 3. Printing press and die-cutter (I2) 

Variable         Index Unit 

Machine price    I2a €  

Depreciation time    I2b a 

Profit target for capital is n %   I2c % 

Electricity usage    I2d kw 

Energy price used for calculations  I2e snt/kwh 

Operators     I2f €/Month 

Premises     I2g €/Month 

Service     I2h €/Month 

Other     I2i €/Month 
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Table 4. Cigarette packer (I3) 

Variable         Index Unit 

Machine price    I3a € 

Depreciation time    I3b a 

Profit target for capital is n %   I3c % 

Electricity usage    I3d kw 

Operators     I3e €/Month 

Premises     I3f €/Month 

Service     I3g €/Month 

Other     I3h €/Month 

 

Table 5. Transportation (I4) 

Variable         Index Unit 

Ordered reel length (m)   I4a m 

 

Table 6. Alu-paper (I5) 

Variable         Index Unit 

Frame length    I5a length/m 

Frame width    I5b width/m 

 

Table 7. Tax labels (I6) 

Variable         Index Unit 

Cost per label (external calculation)  I6a €/kg 

Paper grammage    I6b gsm 

      

 

Table 8. Innerframes (I7) 

Variable         Index Unit 

Price     I7a €/kg 

Grammage     I7b gsm 

Flap length     I7c m 

Flap width     I7d m 
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Table 9. Ink and primer (I8) 

Tower  0 1 2 3 4 5 6 7 8 Unit 

Consumption I8aa I8a I8d I8g I8j I8m I8p I8s I8v g/m2 

Price I8bb I8b I8e I8h I8k I8n I8q I8t I8x €/kg 

Coverage I8cc I8c I8f I8i I8l I8o I8r I8u I8y % 

           

Table 10. Varnish (I9) 

Tower         1 2 Unit 

Consumption     I9a I9d g/m2 

Price     I9b I9e €/kg 

Coverage     I9c I9f % 

 

Table 11. Cigarette packer glue (I10) 

Variable         Index Unit 

Glue price     I10a €/kg 

Consumption     I10b kg/h 

 

Table 12. Printing cylinders (I11) 

Variable         Index Unit 

Printing cylinder price    I11a € 

Doctor blade price    I11b € 

Impression roller price    I11c € 

Max no. of impressions before re-chroming  I11d pcs 

 

Table 13. Varnishing tools (I12) 

Variable         Index Unit 

Varnishing cylinder price    I12a € 

Max amount of impressions   I12b pcs 

     

 

Table 14. Die-cutting tools (I13) 

Variable         Index Unit 

Price of one blade set    I13a € 

Number of impressions before sharpening  I13b pcs 

 

 



Appendix B: Presentation of the input variables 185 

Table 15. Metallization (I14) 

Variable         Index Unit 

Metallization cost versus board price   I14a - 

 

 

Table 16. Embossing tools (I15) 

Variable         Index Unit 

Tool set     I15a € 

Number of impressions before replacement  I15b pcs 

 

Table 17. Corrugated boxes (I16) 

Variable         Index Unit 

Cartons in one corrugated box   I16a pcs 

Width      I16b m 

Length     I16c m 

Grammage     I16d g/m2 

Corrugated price    I16e €/m2 

Blanks in one box    I16f pcs 

Width     I16g m  

Length     I16h m  
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Appendix C: Calculated cost parameters 

 

Table 1. Cost parameters which are calculated in the sub-groups 

Variable Index 

Printing press investment C1 

Converting C2 

Cigarette packer investment C3 

Packing C4 

Carton board C5 

Transportation C6 

Alu-paper C7 

Tax labels C8 

Innerframes C9 

Producer payment cost C10 

Primer and ink including waste C11 

Varnishes including waste C12 

Packer glue including waste C13 

Carton board metallization C14 

Consumables including waste C15 

Printing tools C16 

Die-cutting tools C17 

Varnishing tools C18 

Embossing tools C19 

Corrugated boxes C20 

Materials and consumables waste C21 

Total costs C22 

Share of total costs C23 
Total production time and cost of production per hour C24 
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Table 2. Printing press investment (C1) 

Variable     Index Unit 

Depreciaton time in months C1a Months 

Montly investment cost  C1b €/Month 

Total investment cost  C1c € 

Monthly depreciation cost  C1d €/Month 

Hourly depreciation cost  C1e €/Hour 

Electricity cost  C1f €/Hour 

Operator cost  C1g €/Hour 

Premises cost  C1h €/Hour 

Service cost  C1i €/Hour 

Other costs  C1j €/Hour 

Total investment cost per hour C1k €/Hour 

 

 

Table 3. Converting (C2) 

Variable     Index Unit 

Changeover cost  C2a € 

Production time including waste material C2b min 

Production time including downtime and waste C2c min 
Downtime including 
waste  C2d min 

Downtime cost  C2e € 

Production cost  C2f € 

 

Table 4. Cigarette packer investment (C3) 

Variable     Index Unit 

Depreciaton time in months C3a Months 

Montly investment cost  C3b €/Month 

Total investment cost  C3c € 

Monthly depreciation cost  C3d €/Month 

Hourly depreciation cost  C3e €/Hour 

Electricity cost  C3f €/Hour 

Operator cost  C3g €/Hour 

Premises cost  C3h €/Hour 

Service cost  C3i €/Hour 

Other costs  C3j €/Hour 

Total investment cost per hour C3k €/Hour 
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Table 5. Packing (C4) 

Variable     Index Unit 

Changeover cost  C4a € 

Production time including waste material C4b min 

Total time including downtime and waste C4c min 

Downtime including waste  C4d min 

Downtime cost  C4e € 

Production cost  C4f € 

 

Table 6. Carton board (C5) 

Variable     Index Unit 

Carton board price  C5a €/kg 

Die-cutting cylinder size in m2 C5b  m2 

Die-cutting rotations needed for the blanks C5c rotations 

Carton board total length  C5d m 

Carton board total area in m2 C5e m2 

Carton board total length including waste C5f m 

Carton board total area including waste C5g m2 

Carton board total weight including waste C5h kg 

Carton board area of the waste in m2 C5i m2 

Carton board weight of the waste C5j kg 

Total cost of the carton board C5k € 

 

Table 7. Transportation (C6) 

Variable     Index Unit 

Number of reels  C6a pcs 

Paper to laminator  C6b € 

Alu-paper to Brand Owner  C6c € 

Transmet   C6d kg 

Mill to laminator  C6e € 

Laminator to converter  C6f € 

Converter to Brand Owner  C6g € 

Total transportation costs  C6h € 
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Table 8. Alu-paper (C7) 

Variable     Index Unit 

Price, laminated  C7a €/kg 

Frame size in m2  C7b m2 

Total amount in m2  C7c m2 

Total weight (only paper)  C7d kg 

Area of paper including waste C7e m2 

Weight of paper including waste C7f kg 

Weight of alu-foil including waste C7g kg 

Weight of alu-paper including waste C7h kg 

Weight of waste  C7i kg 

Alu-paper costs for the job  C7j € 

 

Table 9. Tax labels (C8) 

Variable     Index Unit 

Tax labels  C8a € 

 

Table 10. Innerframes (C9) 

Variable     Index Unit 

Flap size   C9a m2 

Total amount  C9b m2 

Including waste  C9c m2 

Total weight  C9d kg 

Waste weight  C9e kg 

Material cost  C9f € 

 

Table 11. Producer payment (C10) 

Variable     Index Unit 

Board including innerframe C10a € 

Alu-paper including waste  C10b € 

Transmet   C10c € 

Corrugated for cartons  C10d € 

Corrugated for blanks  C10e € 

Total    C10f € 
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Table 12. Primer and inks including waste (C11) 

Variable     Index Unit 

Primering unit 0    

Primer Consumption  C11pa kg 

Primer waste  C11pb kg 

Primer consumption including waste C11pc kg 

     
Tower 1     

Ink Consumption  C11a kg 

Ink waste   C11b kg 

Ink consumption including waste C11c kg 

Ink waste cost  C11d € 

Ink cost including waste  C11e € 

Ink cost per coverage  C11f € 

     
Tower 2     

Ink consumption  C11g kg 

Ink waste   C11h kg 

Ink consumption including waste C11i kg 

Ink waste cost  C11j € 

Ink cost including waste  C11k € 

Ink cost per coverage  C11l € 

     
Tower 3     

Ink consumption  C11m kg 

Ink waste   C11n kg 

Ink consumption including waste C11o kg 

Ink waste cost  C11p € 

Ink cost including waste  C11q € 

Ink cost per coverage  C11r € 

     
Tower 4     

Ink consumption  C11s kg 

Ink waste   C11t kg 

Ink consumption including waste C11u kg 

Ink waste cost  C11v € 

Ink cost including waste  C11x € 

Ink cost per coverage  C11y € 

     
Tower 5     

Ink consumption  C11z kg 
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Ink waste   C11aa kg 

Ink consumption including waste C11ab kg 

Ink waste cost  C11ac € 

Ink cost including waste  C11ad € 

Ink cost per coverage  C11ae € 

     
Tower 6     

Ink consumption  C11af kg 

Ink waste   C11ag kg 

Ink consumption including waste C11ah kg 

Ink waste cost  C11ai € 

Ink cost including waste  C11aj € 

Ink cost per coverage  C11ak € 

     
Tower 7     

Ink consumption  C11al kg 

Ink waste   C11am kg 

Ink consumption including waste C11an kg 

Ink waste cost  C11ao € 

Ink cost including waste  C11ap € 

Ink cost per coverage  C11aq € 

     
Tower 8     

Ink consumption  C11ar kg 

Ink waste   C11as kg 

Ink consumption including waste C11at kg 

Ink waste cost  C11au € 

Ink cost including waste  C11av € 

Ink cost per coverage  C11ax € 

     

Total ink consumption including waste C11be kg 

 

Table 13. Varnishes including waste (C12) 

Variable     Index Unit 

Tower 1     

Varnish consumption  C12a kg 

Varnish waste  C12b kg 

Varnish usage including waste C12c kg 

Varnish waste cost  C12d € 

Varnish cost including waste C12e € 
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Varnish cost per coverage  C12f € 

     

Tower 2     

Varnish consumption  C12g kg 

Varnish waste  C12h kg 

Varnish usage including waste C12i kg 

Varnish waste cost  C12j € 

Varnish cost including waste C12k € 

Varnish cost per coverage  C12l € 

     

Total varnish weight including waste C12m kg 

 

Table 14. Glue including waste (C13) 

Variable     Index Unit 

Amount   C13a kg 

Amount including waste  C13b kg 

 

Table 15. Carton board metallization (C14) 

Variable     Abbreviation Unit 

(Transmet) laminated board for the job C14a € 

 

Table 16. Consumables including waste (C15) 

Variable     Index Unit 

Ink   C15a € 

Varnish   C15b € 

Glue   C15c € 

Primer   C15d € 

     
Consumables waste    

Ink   C15e € 

Varnish    C15f € 

Glue   C15g € 

Primer    C15h € 

 

Table 17. Printing tools (C16) 

Variable     Index Unit 

Printing cylinders  C16a € 

Doctor blades  C16b € 
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Impression rollers  C16c € 

One complete set  C16d € 

Total including a spare set  C16e € 

Share of tool wearing for this job C16f % 

Printing tool wearing cost for this job C16g € 

 

Table 18. Die-cutting tools (C17) 

Variable     Index Unit 

Total cost including a spare set C17a € 

Share of tool wearing for this job C17b % 

Tool wearing cost for this job C17c € 

 

Table 19. Varnishing tools (C18) 

Variable     Index Unit 

Total cost of two sets including spare sets C18a € 

Share of tool wearing for this job C18b % 

Tool wearing cost for this job C18c € 

 

Table 20. Embossing tools (C19) 

Variable     Index Unit 

Total cost of set including a spare set C19a € 

Share of tool wearing for this job C19b % 

Cost of tool wearing for this job C19c € 

 

Table 21. Corrugated boxes (C20) 

Variable     Index Unit 

Corrugated packages needed for cartons C20a pcs 

Total cost of boxes for cartons C20b € 

Total weight of boxes for cartons C20c kg 

Corrugated packages needed for blanks C20d pcs 

Total cost of boxes for blanks C20e € 

Total weight of boxes for blanks C20f kg 

Total weight of boxes for cartons including waste C20g kg 

Total weight of boxes for blanks including waste C20h kg 

Total weight of waste  C20i kg 

Total area of waste  C20j m2 

Total cost of waste   C20k € 

Total cost of corrugated boxes C20l € 
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Table 22. Materials and consumables waste (C21) 

Variable     Index Unit 

Material waste (board, alu-paper and innerframes) C21a € 

Consumables waste  C21b € 

 

Table 23. Total costs (C22) 

Variable     Index Unit 

Press and die-cutter changeover time C2a € 

Press and die-cutter run time C2f € 

Press and die-cutter downtime C2e € 

Packer changeover time  C4a € 

Packer run time  C4f € 

Packer downtime  C4e € 

Innerliner alu-paper  C7j € 

Innerframes  C9f € 

Tax labels   C8a € 

Inks   C15a € 

Varnishes   C15b € 

Glue   C15c € 

Primer   C15d € 

(Transmet) laminated board  C14a € 

Printing cylinders wearing  C16g € 

Varnishing cylinders wearing C18c € 

Die-cutting tools wearing  C17c € 

Embossing tools wearing  C19c € 

Transportation  C6l € 

Producer responsibility payment C10f € 

Corrugated packages  C20l € 

Material waste  C21a € 

Consumables waste  C21b € 

Total cost for the job  C22a € 
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Table 24. Share of total costs (C23) 

Variable     Index Unit 

Press and die-cutter changeover time C23a % 

Press and die-cutter run time C23b % 

Press and die-cutter downtime C23c % 

Packer changeover time  C23d % 

Packer run time  C23e % 

Packer downtime  C23f % 

Innerliner alu-paper  C23g % 

Innerframes  C23h % 

Tax labels   C23i % 

Inks   C23j % 

Varnishes   C23k % 

Glue   C23l % 

Primer   C23m % 

Transmet laminated board  C23n % 

Printing cylinders wearing  C23o % 

Varnishing cylinders wearing C23p % 

Die-cutting tools wearing  C23q % 

Embossing tools wearing  C23r % 

Transportation  C23s % 

Producer responsibility payment C23t % 

Corrugated packages  C23u % 

Material waste  C23v % 

Consumables waste  C23x % 

 

Table 25. Total production time and cost of production per hour (C24) 

Variable     Index Unit 

Total production time  C24A h 

Total cost of production hour C24B € 
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Appendix D: Values used in the reference scenario 

Table 1. Production batch. 

 
 

Table 2. Printing press and integrated rotary die-cutter. 

 

Table 3. Cigarette packing machine. 

 

Variable Value Unit

Number of blanks in production run 2000000 pcs Stora Enso experts

Printing and die-cutting speed 300 m/min Stora Enso experts

Press and die-cutter changeover time 150 min Stora Enso experts

Production uptime (press and die-cutter) 90 % Stora Enso experts

Packer changeover time 90 min Stora Enso experts

Packer speed 1100 packs/min Stora Enso experts

Production uptime (Packer) 90 % Stora Enso experts

Die-cutter cylinder length 1,05 length / m Stora Enso experts

Die-cutter cylinder width 0,82 width / m Stora Enso experts

Blanks in one area of rotation 21 up Stora Enso experts

Board price 950 € / t Stora Enso experts

Board grammage 200 gsm Stora Enso experts

Alu-paper price 2000 €/t Stora Enso experts

Paper grammage 60 gsm Stora Enso experts

Foil grammage 20 gsm Stora Enso experts

Metallized board vs board price 1,5 times Stora Enso experts

Foil grammage 5 gsm Stora Enso experts

Material waste (carton board, innerframes, alu-paper and corrugated boxes) 6 % Stora Enso experts

Consumables waste (primer, ink, varnish and glue) 6 % Stora Enso experts

Transportation 80 € / t Stora Enso experts

Producer payment (carton board and corrugated boxes) 150 € / t Stora Enso experts

Producer payment (alu-foiled paper) 60 € / t Stora Enso experts

Source:

Variable Value Unit

Machine price 3000000 € 1), 2)

Depreciation time 10 a Stora Enso experts

Profit target for capital is n % 0,09 % Stora Enso experts

Electricity usage 100 kw 1), 2)

Energy price used for calculations 12 snt/kwh 1), 2)

Operators 5000 € / Month Stora Enso experts

Premises 2000 € / Month Stora Enso experts

Service 2000 € / Month Stora Enso experts

Other 5000 € / Month Stora Enso experts

1) http://dhflexoprinting.com/ci-flexo-printing-machine-vs-gravure-printing-machine/

2) https://www.kymc.com/msg/msg59.html

Source:

Variable Value Unit

Price 3000000 € Stora Enso experts

Depreciation time 10 a Stora Enso experts

Depreciation time in months 120 Months Stora Enso experts

Profit target for capital is n % 0,09 % Stora Enso experts

Electricity usage 100 kw Stora Enso experts

Operators 5000 € / Month Stora Enso experts

Premises 2000 € / Month Stora Enso experts

Service 2000 € / Month Stora Enso experts

Other 5000 € / Month Stora Enso experts

Source:
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Table 4. Carton board reel length. 

 

Table 5. Innerliner’s alu-paper. 

 

Table 6. Tax label. 

 

Table 7. Innerframe board. 

 

Table 8. Ink (or primer) consumption, price and coverage for each printing unit. 

 

Table 9. Varnish consumption, price and coverage for each varnishing unit. 

 

Table 10. Cigarette packer glue price and consumption. 

 

Table 11. Printing cylinders, doctor blades and impression rollers. 

 

Variable Value Unit

Ordered reel length (m) 1200 m Stora Enso experts

Source:

Variable Value Unit Source:

Frame length 0,170 m Commercial sample

Frame width 0,087 m Commercial sample

Variable Value Unit Source:

Price 0,5 € / kg Stora Enso experts

Grammage 50 gsm Stora Enso experts

Cost per label 0,000337 € Author

Variable Value Unit Source:

Price 0,95 € / kg Stora Enso experts

Grammage 200 gsm Stora Enso experts

Flap size 0,03 m Commercial sample

0,01 m Commercial sample

Printing unit Primer 1 2 3 4 5 6 7 8 Unit Source:

Consumption 0,09 0,45 0,45 0,45 0,45 0,45 0,45 0,45 0,45 g / m2 Stora Enso experts

Price 24 17 17 17 17 17 17 17 17 € / kg Stora Enso experts

Coverage 0 65 65 65 65 65 65 65 65 % Stora Enso experts

Printing unit 1 2 Unit Source:

Consumption 0,45 0,45 g / m2 Stora Enso experts

Price 12 12 € / kg Stora Enso experts

Coverage 100 50 % Stora Enso experts

Variable Value Unit Source:

Glue price 5,00 €/kg Stora Enso experts

Consumption 8,33E-05 kg/h Stora Enso experts

Variable Value Unit

Number of towers in use 8 pcs Stora Enso experts

Printing cylinder 1500 € Stora Enso experts

Doctor blade 200 € Stora Enso experts

Impression roller 500 € Stora Enso experts

Max amount of impressions before re-chroming 1000000 pcs Stora Enso experts

Source:
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Table 12. Varnishing cylinders. 

 

Table 13. Embossing tools. 

 

Table 14. Rotary die-cutting tools. 

 

Table 15. Corrugated packages for cigarette cartons. 

 

Table 16. Corrugated packages for the blanks. 

 

Table 17. Carbon emissions in the scenario 10. 

  

Variable Value Unit Source:

Number of towers in use 2 pcs Stora Enso experts

Varnishing cylinder price 1000 € Stora Enso experts

Max amount of impressions 7000000 pcs Stora Enso experts

Variable Value Unit Source:

Embossing cylinder set 10000 € Stora Enso experts

Amount of impressions before sharpening 10000000 pcs Stora Enso experts

Variable Value Unit Source:

Die-cutting cylinder set 60000 € Stora Enso experts

Amount of impressions before sharpening 10000000 pcs Stora Enso experts

Variable Value Unit Source:

Cartons in one corrugated box 10000 pcs Stora Enso experts

Width (1 pack per sheet) 2,29 m Stora Enso experts

Length 0,305 m Stora Enso experts

Grammage 550 g/m2 Stora Enso experts

Corrugated board price 0,7 € / m2 Stora Enso experts

Variable Value Unit Source:

Blanks in one box 1000 pcs Stora Enso experts

Width 0,7 m Stora Enso experts

Length 0,7 m Stora Enso experts

Grammage 550 g/m2 Stora Enso experts

Corrugated board price 0,7 € / m2 Stora Enso experts

Material: Weight (kg) kgCO2e /kg material kg CO2e Unit Source

Carton board 15645,6 821,2 12848,6 Gov.uk (2021)

Paper (alu-foil) 1774,8 919,4 1631,8 Gov.uk (2021)

Corrugated 652,8 538,0 351,2 Carton Ondulé de France

Inks and varnish 277,8 3,3 0,9 The European Printing Inks Association (2020)

Glue 176,7 2,0 0,4 The Industrial Adhesives Association (2020)

Innerframes 127,2 821,2 104,5 Gov.uk (2021)

Paper (tax labels) 106,0 1479,0 156,8 Tomberlin et al. (2020)

Alu-foil 2508,4 0,382 (kg/m2) 958,2 Bayus, Jacob A (2015)

Total 16,1 t CO2e
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Appendix E: Screenshots of the FMPC 

 

 

Figure 30. Screenshot of the “Job” sheet 

 

 

Figure 31. Screenshot of the “Machinery” sheet 

 

Printing press and integrated die-cutting Packing machine

Machine price 2000000 £ Price (5MEuro) 2000000 £

Depreciation time 10 a Depreciation time 10 a

Depreciation time in months 120 Months Depreciation time in months 120 Months

Profit target for capital is n % 0,09 % Profit target for capital is n % 0,09 %

Monthly investment cost -25335 € / Month Monthly investment cost -25335 € / Month

Total cost for investment 3040219 £ Total cost for investment 3040219 £

Depreciation 25335 € / Month 158,3 € / Hour Depreciation 25335 € / Month 158,3 € / Hour

Other costs Other costs

Electricity usage 100 kw 12,0 € / Hour Electricity usage 100 kw 12,0 € / Hour

Energy price used for calculations 12 snt/kwh

Operators 5000 € / Month 31,3 € / Hour Operators 5000 € / Month 31,3 € / Hour

Premises 2000 € / Month 12,5 € / Hour Premises 2000 € / Month 12,5 € / Hour

Service 2000 € / Month 12,5 € / Hour Service 2000 € / Month 12,5 € / Hour

Other 5000 € / Month 31,3 € / Hour Other 5000 € / Month 31,3 € / Hour

Total investment cost in hour 257,8 € / Hour Total investment cost in hour 257,8 € / Hour

Printing and die-cutting Packaging costs

Changeover cost 644,6 € Changeover cost 386,8 €

Production time including waste material 353,3 min Production time including waste material 1927,3 min

Total time including downtime and waste 388,7 min Total time including downtime and waste 2120,0 min

Downtime including waste 35,3 min Downtime including waste 192,7 min

Cost of downtime 151,8 € Cost of downtime 828,2 €

Production cost 1670,3 € Production cost 8282,3 €

Blanks in a minute 5660 blanks/min Packs in a minute 1100 packs/min
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Figure 32. Screenshot of the “Materials” sheet 

 

 

Figure 33. Screenshot of the “Consumables” sheet 
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Figure 34. Screenshot of the “Converting” sheet 

 

 

Figure 35. Screenshot of the “Corrugated” sheet 

 





ACTA UNIVERSITATIS LAPPEENRANTAENSIS

1007. VANHAMÄKI, SUSANNA. Implementation of circular economy in regional strategies.
2021. Diss.

1008. LEHTINEN, VESA. Organisaation emergentti itseohjautuvuus, case sinfoniaorkesteri:
”Miksi orkesteri soittaa hyvin, vaikka sitä johdettaisiin huonosti?”. 2022. Diss.

1009. KÄHKÖNEN, TIINA. Employee trust repair in the context of organizational change –
identification and measurement of active trust repair practices. 2022. Diss.

1010. AHONEN, AILA. Challenges in sport entrepreneurship: cases in team sport business.
2022. Diss.

1011. LEVIKARI, SAKU. Acoustic emission testing of multilayer ceramic capacitors. 2022.
Diss.

1012.  ZAHEER, MINHAJ. Evaluation of open-source FEM software performance in analysing
converter-fed induction machine losses. 2022. Diss.

1013. HAAPANIEMI, JOUNI. Power-based electricity distribution tariffs providing an incentive
to enhance the capacity effectiveness of electricity distribution grids. 2022. Diss.

1014. BUAH, ERIC. Artificial intelligence technology acceptance framework for energy
systems analysis. 2022. Diss.

1015. GIVIROVSKIY, GEORGY. In situ hydrogen production in power-to-food applications.
2022. Diss.

1016. SOMMARSTRÖM, KAARINA. Teachers’ practices of entrepreneurship education in
cooperation with companies. 2022. Diss.

1017. KAN, YELENA. Coherent anti-stokes raman scattering spectromicroscopy in biomedical
and climate research. 2022. Diss.

1018. MÄNDMAA, SIRLI. Financial literacy in perspective – evidence from Estonian and
Finnish students. 2022. Diss.

1019. QORRI, ARDIAN. Measuring and managing sustainable development in supply chains.
2022. Diss.

1020. MARTIKAINEN, SUVI-JONNA. Meaningful work and eudaimonia: contributing to social
sustainability in the workplace. 2022. Diss.

1021. MANNINEN, KAISA. Conducting sustainability target-driven business. 2022. Diss.

1022. LI, CHANGYAN. Design, development, and multi-objective optimization of robotic
systems in a fusion reactor. 2022. Diss.

1023. CHOUDHURY, TUHIN. Simulation-based methods for fault estimation and parameter
identification of rotating machines. 2022. Diss.

1024. DUKEOV, IGOR. On antecedents of organizational innovation: How the organizational
learning, age and size of a firm impact its organizational innovation. 2022. Diss.

1025. BREIER, MATTHIAS. Business model innovation as crisis response strategy. 2022.
Diss.



1026. FADEEV, EGOR. Magnetotransport properties of nanocomposites close to the
percolation threshold. 2022. Diss.

1027. KEPSU, DARIA. Technology analysis of magnetically supported rotors applied to a
centrifugal compressor of a high-temperature heat pump. 2022. Diss.

1028. CHAUHAN, VARDAAN. Optimizing design and process parameters for recycled
thermoplastic natural fiber composites in automotive applications. 2022. Diss.

1029.  RAM, MANISH. Socioeconomic impacts of cost optimised and climate compliant energy
transitions across the world. 2022. Diss.

1030. AMADI, MIRACLE. Hybrid modelling methods for epidemiological studies. 2022. Diss.

1031. RAMÍREZ ANGEL, YENDERY. Water-energy nexus for waste minimisation in the
mining industry. 2022. Diss.

1032. ZOLOTAREV, FEDOR. Computer vision for virtual sawing and timber tracing. 2022.
Diss.

1033. NEPOVINNYKH, EKATERINA. Automatic image-based re-identification of ringed seals.
2022. Diss.

1034. ARAYA GÓMEZ, Natalia Andrea. Sustainable management of water and tailings in the
mining industry. 2022. Diss.

1035. YAHYA, MANAL. Augmented reality based on human needs. 2022. Diss.

1036. KARUPPANNAN GOPALRAJ, SANKAR. Impacts of recycling carbon fibre and glass
fibre as sustainable raw materials for thermosetting composites. 2022. Diss.

1037. UDOKWU, CHIBUZOR JOSEPH. A modelling approach for building blockchain
applications that enables trustable inter-organizational collaborations. 2022. Diss.

1038. INGMAN, JONNY. Evaluation of failure mechanisms in electronics using X-ray imaging.
2022. Diss.

1039. LIPIÄINEN, SATU. The role of the forest industry in mitigating global change: towards
energy efficient and low-carbon operation. 2022. Diss.

1040. AFKHAMI, SHAHRIAR. Laser powder-bed fusion of steels: case studies on
microstructures, mechanical properties, and notch-load interactions. 2022. Diss.

1041. SHEVELEVA, NADEZHDA. NMR studies of functionalized peptide dendrimers. 2022.
Diss.

1042. SOUSA DE SENA, ARTHUR. Intelligent reflecting surfaces and advanced multiple
access techniques for multi-antenna wireless communication systems. 2022. Diss.

1043.  MOLINARI, ANDREA. Integration between eLearning platforms and information
systems : a new generation of tools for virtual communities. 2022. Diss.

1044. AGHAJANIAN MIANKOUH, SOHEIL. Reactive crystallisation studies of CaCO3
processing via a CO2 capture process : real-time crystallisation monitoring, fault
detection, and hydrodynamic modelling. 2022. Diss.





1045
A FORECASTIN

G M
ODEL OF PACKAGIN

G COSTS: CASE PLAIN
 PACKAGIN

G
M

arko Ryynänen

ISBN 978-952-335-866-9
ISBN 978-952-335-867-6 (PDF)

ISSN 1456-4491 (Print)
ISSN 2814-5518 (Online)

Lappeenranta 2022



 
 
    
   HistoryItem_V1
   Nup
        
     Trim unused space from sheets: no
     Allow pages to be scaled: yes
     Margins and crop marks: none
     Sheet size: 8.268 x 11.693 inches / 210.0 x 297.0 mm
     Sheet orientation: tall
     Scale by 90.00 %
     Align: centre
      

        
     0.0000
     10.0000
     20.0000
     0
     Corners
     0.3000
     ToFit
     0
     0
     1
     1
     0.9000
     0
     0 
     1
     0.0000
     0
            
       D:20221020094144
       841.8898
       a4
       Blank
       595.2756
          

     Tall
     753
     272
     0.0000
     C
     0
            
       CurrentAVDoc
          

     0.0000
     0
     2
     0
     1
     0 
      

        
     QITE_QuiteImposingPlus3
     Quite Imposing Plus 3.0k
     Quite Imposing Plus 3
     1
      

   1
  

    
   HistoryItem_V1
   StepAndRepeat
        
     Create a new document
     Trim unused space from sheets: no
     Allow pages to be scaled: no
     Margins and crop marks: none
     Sheet size: 8.268 x 11.693 inches / 210.0 x 297.0 mm
     Sheet orientation: tall
     Layout: rows 1 down, columns 1 across
     Align: centre
      

        
     0.0000
     10.0000
     20.0000
     0
     Corners
     0.3000
     Fixed
     0
     0
     1
     1
     0.8800
     0
     0 
     1
     0.0000
     1
            
       D:20221031122557
       841.8898
       a4
       Blank
       595.2756
          

     Tall
     516
     432
    
    
     0.0000
     C
     0
            
       CurrentAVDoc
          

     0.0000
     0
     2
     0
     0
     0 
      

        
     QITE_QuiteImposingPlus3
     Quite Imposing Plus 3.0k
     Quite Imposing Plus 3
     1
      

   1
  

 HistoryList_V1
 qi2base





