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Abstract 
This thesis aims to evaluate measurement techniques for delivery precision at Holmen Paper (HP). 
Delivery precision is an important KPI for a business, because it gives an indication of how well the 
company’s  supply chain is performing. At HP, the Operation and Logistics division, wants to use the 
result  to  assess  that  if  they  are  doing  a  good  job  planning  HP’s  production  and  transportation.   

The purpose of the thesis:   

“The  purpose  of  the  thesis  is  to  determine  how  the  KPI  delivery  precision ought 
to be measured for  various  order  types  in  Holmen  Paper’s  supply  chain.” 

A great deal of literature was initially reviewed on the subject of delivery precision, and different 
sources suggested alternative ways in which it may be determined. To understand the logistics and 
information flow, two flow-charts where constructed.  This was done in order to obtain a holistic 
overview  of  HP’s   order-delivery process, and furthermore, to see where the required data could be 
retrieved from the system.  

After evaluating the supply chain, it was concluded   that   the   SCOR   models’   pre-defined Key 
Performance Indicator Perfect Order Fulfillment (POF) and Perfect Order Index (POI), were the best 
way to measure the delivery precision. Both theories are well known in the logistics sector and both 
are built upon lower level metrics. The metrics measure if an order is delivered satisfactorily to a 
customer, according the parameters of time, quantity, quality and documentation. The thesis, however, 
rejected the parameter of documentation in dialogue with HP (and because the parameter has little to 
do with the operators work at Operation and Logistics). 

Data  was  collected  from  HP’s  database  in  an  attempt  to  measure  the  delivery  precision  according  to  
both the theories. However, it was concluded that the calculated value was unreliable. This was mainly 
due to fact that the data required did not exist, and the data that did exist was not reliable. The data was 
seen as unreliable because there was no information of when the data was collected along the supply 
chain. Therefore, the thesis presents a model that will help HP implement the KPI delivery precision in 
the future. 

At the completion of the study, it was concluded that HP, initially, needs to implement a system to 
save data regarding the reason and source of order modifications. Additionally, it is suggested that HP 
should try to measure the delivery precision as close to the customer as possible. Currently, the data 
required to do this does not exist. To obtain this data, HP needs to implement some sort of receipt 
when the customer receives the goods.  
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1 Introduction 
In this chapter, the reader obtains a general overview of the background, purpose and delimitation 
of the thesis.  

1.1 Background 
Holmen Paper (hereby and forward referred to as HP), is a paper producer with its head quarters 

located in Norrköping, Sweden. In recent years, the company has experienced shrinking profits 

along with increasing costs for production, leading to fewer employees and a higher pressure from 

the board to make processes more effective. Today, the company has problems measuring its 

delivery precision for products in its supply chain. Lately, HP has nevertheless seen a growing 

necessity in trying to measure and interpret the delivery precision, this, due to the increasing 

global competitiveness and shrinking margins of the sold goods. With the measured delivery 

precision, HP wishes to improve its competitive position and hopefully generate additional sales. 

HP‘s  supply  chain  contains of a number of activities, which must be understood and interpreted in 

order to understand it fully. Presented below, the organizational structure of HP’s  supply  chain  is  
organized (see Figure 1:1), the sequence starts at point one and ends at point six.  

Point one, the customer communicates with a sales office to place an order. The inquiry is 

processed by the sales office, which in turn allocates the order for production. The order could be 

automatically   allocated   by  HP’s   order-allocation system, and mostly it is, but it could also be 

processed manually. The sales office is also responsible for the delivery dates in the supply chain. 

At first, the order is given a Customer Delivery Date (CDD), the date when the goods should be 

delivered   to   the   customer’s   address.   A   CDD   is   set   if,   and   only   if,   the   order   is   a   direct 
transportation to customer (i.e. the goods do not pass a warehouse terminal).  

 
Figure 1:1. HP’s  supply  chain  from  order  inquiry  to  customer  delivery 
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If the order will pass a terminal, it is internally referred to as a transfer and it is given an 

Available at Terminal Date (ATD) and an Indicated Customer Delivery Date (I-CDD). An ATD 

indicates when the goods should be at the terminal and be ready to load onto the next transport 

unit and an I-CDD, similar to CDD mentioned above, indicates when the goods are likely to be at 

the  customer’s  delivery  address.  The  difference  between  I-CDD and CDD depends upon the order 

delivered though direct transportation or transferred.  

The CDD is determined by the sales offices in discussion with the customer. However, these dates 

occasionally change. As the CDD and ATD are moved back, and mostly forward in time, the 

delivery precision is manipulated. If the customer initiates a change of the delivery date, HP 

cannot be held responsible for not delivering on the original delivery date. On the other hand, if 

HP initiates a postponement of the delivery, HP has failed to deliver on the original delivery date. 

It is of the utmost importance to obtain records of the responsible party for delivery date changes, 

since HP currently evaluates if the order was delivered on the right date, regardless of who altered 

the original delivery date.  

CUPS  is  HP’s  order-allocation system, in which the sales office is responsible for entering CDD 

and I-CDD. CUPS automatically determines the ATD, as is counts backwards from the set I-

CDD, all the way back to the paper mill, to find a suitable date. The same procedure occurs with 

the Exmill date. The Exmill date indicates when the goods must leave the paper mill at the latest 

in order to be able to reach the ATD and I-CDD in time. Point two, Central Marketing (CM) and 

Operations & Logistics (O&L) handles all the orders that do not pass through the automatic order-

allocation system. O&L allocates these orders into production and manages its transportation, thus 

this could be seen as a point where all imperfect orders are handled and corrected. The 

unallocated orders, (e.g. orders that should be delivered with a lorry) require a logistics planner to 

determine their departure, and therefore set an Estimated Time of Departure (ETD). The time 

between ETD and Exmill date can be seen as a time of inventory. The ETD must be planned 

earlier than the Exmill date. Point three, paper mills produce the orders according to the orders 

allocated by the O&L. Point four, the orders are transported. At HP, three transportation 

alternatives are considered: vessel, lorry and train. The chosen method depends upon the market 

that the goods will be transported to and the specific type of order (e.g. express orders are always 

transported with lorry). Point five, the goods arrive at the terminal where they are unloaded and 

await further transport to the customer (this point is only considered when the order type is a 

transfer). The last step in the supply chain, point six, depicts delivery to the customer.  

In Figure 1:1, there are three small stars, located at points four, five and six. The stars indicate 

where the delivery precision should and could be measured. As of today, HP does not measure 

any kind of delivery precision.  

1.2 Purpose 
The purpose of the thesis is to determine how the KPI delivery precision ought to be measured in 

Holmen  Paper’s  supply  chain.  

1.3 Directives 
The thesis purpose, stated in section 1.2, was to determine how the KPI delivery precision ought 
to be measured in  HP’s  supply  chain. Additionally, a number of directives from HP were also to 
be considered. This is summarized in the following 

1. In each point of the supply chain (i.e. paper mill, terminal and customer), the KPI 

delivery precision should be able to be broken down into product group, transport mode 

and sales office. 

2. Aggregate the identified metrics in each point and provide a reliable value of the overall 

KPI (i.e. the delivery precision for the whole supply chain). 
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3. Suggest improvement possibilities regarding the delivery precision.  

4. Identify the cause of occasional ATD and CDD changes; is it due to HP, customer request 

or any other cause (i.e. customer request or another reason). 

1.4 Delimitation 
The thesis will consider a number of delimitations indicated below: 

1. The delivery precision will only be measured for the European market, except for the 

regions the mill in Madrid supplies. 

2. The delivery precision will be calculated for the first half of the financial year 2012. 

3. The delivery precision will not be measured for Delivery on Demand (DOD) orders. Such 

orders have no reliable I-CDD, ATD or Exmill date due to that they are suborders of a 

larger order, and hence can be called off by the customer at any time. Thus, they have no 

initial delivery dates set by the sales office. 

4. The cost aspect of fulfilling an order will not be considered. The thesis will not depict any 

financial measures. 
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2 Method  
This chapter will initially give a basic description of the theory of methods and in what way 
research could be carried out. At the end, a theory regarding the possibility to ensure credibility of 
a scientific report is presented. 

In order to investigate and evaluate a system and a problem, a method is considered necessary on 
how to do this. A method needs to be defined so that the following study shall be able to be 
repeated, and hence produce the same result. 

2.1 Scientific Approach 
In Björklund and Paulsson (2003), it is stated that there are four types of scientific approaches a 
study could use. The suitable approach is based on how much knowledge there already is in the 
studied subject. The four different approaches are explorative, descriptive, explanative and 
normative. The explorative approach   is   used   where   the   researchers’   purpose   is   to   find   basic  
knowledge of an unstudied area of science. A descriptive approach is used in areas where studies 
have already been made and the objective is to find relationships between variables. The 
explanative approach is used to find deeper knowledge and to further describe relationships and 
correlations in the studied area of knowledge. The normative approach is used in studies that are 
based on previously studied areas where accepted theories exist (Björklund and Paulsson, 2003). 

2.2 Analytical Approach 
According to Björklund and Paulsson (2003), there are three ways a study can handle knowledge. 
They differ based upon the purpose of the study. Through an analytical viewpoint, the researcher 
tries to find variables and causal relations between them. Furthermore, no value is taken to 
opinions, just facts. In a systematical viewpoint, the researcher tries to investigate the relationships 
between variables and outcomes of different scenarios. In doing this, the systematical approach 
sets equal value on variable relationships and single variables. The operator viewpoint asserts that 
humans control their environment, and that humans provoke systems. This approach is therefore 
dependant  on  the  researcher’s  knowledge  and  vigilance  not  to  affect  the  result.   

2.3 Data Processing 
Data processing is used to satisfy the type of result wished for in the study (Nyberg, 2000). In 
Björklund and Paulsson (2003), a study can have numerous types of objectives (e.g. comparisons 
between variables and solutions, determination of correlations between variables, assessment of 
how variables are changing over time and the depiction of pros and cons in solutions). 

It is important to determine the type of result that the study shall provide before starting the data 
collection, and to choose the data processing method. Data may be obtained in different ways for 
the distinct purpose of the research, and the collection of necessary data often takes time. The type 
of data needed is often related to what the requirements are of the result (the researcher must first 
determine if the obtained data will be applied to the evaluation of a problem or if it will present a 
tested result). The study group needs to determine which type of data that should be presented, 
and then choose a method for collecting data best suited to fit the usage (Björklund and Paulsson, 
2003). 

2.4 Qualitative Data  
Qualitative data is data collected for the purpose of providing a verbal description of a system, as 
an alternative or compliment to quantitative data. Qualitative data, for example, may be a survey 
of how employees think about the new operating system. Qualitative data uses information to 
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bring understanding to the table, rather than statistics. However, problems with the 
misinterpretation of questions, can lead to answers that are not valid. When using qualitative data, 
it is important to select the right target group in order to assure the quality of the answers. In the 
selection of the target group, it is therefore easy for the researcher to influence the data that will 
be collected (Holmen and Solvang, 1997; Björklund and Paulsson, 2003). While gathering 
qualitative data it is important to have a well-defined foundation of the respondents that constitute 
the source, this to ensure validity and reliability (see section 2.8). The amount of respondents 
needed to ensure credibility is dependant on the type of data collected. For surveys that study 
population, a greater number of respondents are needed to fulfill collection requirements. 
Furthermore, when studying a closed system it is of importance to collect data from persons that 
have excellent knowledge about the system and can describe the systems cause and effect 
relationships (Nyberg, 2000).  

2.5 Quantitative Data 
Quantitative data is information that can be described in numbers in one way or the other. It is 
practical when describing statistical relationships between groups or systems. Quantitative data 
strictly refers to the question asked, and cannot depict relationship to other data (Holmen and 
Solvang, 1997; Björklund and Paulsson, 2003). When using quantitative data, it is important to 
examine the data before using it in order to make sure the data is correct (i.e. not biased) (Nyberg, 
2000).  

2.6 Primary and Secondary Data 
Primary data is data collected from the origin in the thesis purpose, in the beginning of the study. 
This form of information has the advantage that the researchers can control and customize how 
the data shall be retrieved, to fit the purpose of the study. Primary data has its benefits in a higher 
level of reliability and validity than secondary data, because the collection can be modified to fit 
both the purpose of the study and the system (Björklund and Paulsson, 2003). Disadvantages with 
primary data are gathering reliable data is often time consuming, and the data required is not 
always able to be collected from the studied system.  

Secondary data is all data that has not been collected by the researchers. Therefore, they need to 
rely on the information gained by others. This data has the advantage that it is already collected 
and therefore relatively fast to analyze and draw conclusion. Problems considering the 
dependability are due to fact that the researchers have not collected the data themselves. 
Therefore, they do not have the ability to control and customize the collection for the study, and 
furthermore, in which purpose the collection took place.  

2.7 Different Types of Data Collection 

2.7.1 Literature Survey 
A literature survey is done in order to investigate what has previously been written in the 
researched area. The studied literature always has a purpose, and it is rarely so that it has the same 
intention as the purpose of the researchers. When conducting a literature study, it is important to 
be critical and see if the studies analyzed were completed with some objective that may have 
influenced the result. When conducting a literature study, one cannot look at all the literature that 
has been written on the subject. Therefore, researchers need to choose what sources to read, and 
describe the reasoning behind the selection of sources, to determine if a subject that may have 
given another result in the study was missed (Björklund and Paulsson, 2003).  
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2.7.2 Interviews 
An interview is a typical form of collecting qualitative information, where the researcher asks 
questions to the interviewee. The questions may be open-ended or use a grading scale. Interviews 
may take place at meetings, or through telephone or mail conversations (Björklund and Paulsson, 
2003). The interviewee answers the question in ways he or she understands the question, and in 
open questions, the interviewee has the ability to set the focus himself and creates therefore an 
opportunity to slide the subject. As a researcher, it is therefore important to guide the interviewee 
to give a response to the question, but not to inflict with the answer. Furthermore, it is of 
importance during an interview situation to be logical when constructing the questions (Holmen 
and Solvang, 1997). 

There are three types of structures an interview can have: structured, semi-structured or 
unstructured. The structure differs from each other in terms of how strict and planned the 
interview is. The strictest type is the structured interview, where all questions and the specific 
order in which they are asked are planned beforehand. The second type is the semi-structured 
interview, where the questions and/or subjects are planned before the interview, but attendant 
questions can follow-up the answers given by the interviewee. The third structure is the 
unstructured interview where the interview can be in form of a conversation or in a situation 
where questions are asked as time goes by (Holmen and Solvang, 1997). 

2.7.3 Observations 
Observation is a type of data collection where the researcher wants to see how the system works 
and understand the relationships and choices that are made within the system. There are two basic 
differences in the observation category; one where the researcher is participating with the group 
and one were the researcher is simply observing the happenings. The participating researcher is 
more likely to fully understand the system but if the observation group knows about the observer 
they can also influence the observer in different ways which, in turn, can lead to biased data 
(Holmen and Solvang, 1997). 

The researcher also has two types of observational structure, open observation and hidden 
observation. In open observation, it is important that the studied group accept the researcher so 
they do not hide, withhold or corrupt information. The benefit of being an observer in a group that 
knows they are being observed is the ability to ask questions to the attendees and receive a greater 
insight in thoughts and actions controlling the system. Hidden observation has the benefit of that 
the actions taken are not influenced due to the factor of being watched (Holmen and Solvang, 
1997).  

2.7.4 Surveys 
Surveys are a type of data collection that has the advantages that the researcher can be passive 
during the collection period. However, questions are needed to be explained properly since the 
attendants have no possibility to ask the researcher if they do not fully understand a question. This 
gives the answers a level of uncertainty. To reduce uncertainty, the possibility to fill in blank is 
often given to a larger group. The questions can be qualitative (open questions) and quantitative 
(grading), which gives this method a wider area of usage (Björklund and Paulsson, 2003). 

2.7.5 Experiments 
Experiments give the researcher a way to control the environment studied and the ability to 
choose the data that needs to be collected. It can further provide the researcher with the ability to 
collect the exact measurements wanted for the study. The negative side of experiments is that 
often, it is time and resource consuming. A problem is also that the researcher can inflict the 
result when deciding how the measurements shall be conducted (Björklund and Paulsson, 2003). 
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2.8 Ensure Credibility 
To achieve so-called academic standard, a thesis must fulfill some criteria in order to confirm the 
results given in the final report. This is done so the report can be used as a background for other 
academic papers.  

According to Björklund and Paulsson (2003), the main criteria for scientific works are: 

 The report has a base of already accepted scientific knowledge, and if not, the report shall 
discuss academic theories in order to relate the work to existing theories. 

 The report shall be of theoretic and public interest. 

 The academic work follows a scientific method in order to do the research. 

 The report shall have a logical structure on how progress was made, so the reader can 
understand how the result was obtained and why particular choices were made. 

 The report shall be objective and descriptive. This gives the readers the opportunity to 
make up their own minds about the study and the presented result. 

2.8.1 Increase Validation  
Validation is a concept of how accurate the result is according to what should have been 
measured. Is the result properly aligned with the purpose, or was not relevant data considered 
(indicating that it did not measure what was intended). To increase validity of a study, the 
researchers can use different approaches to investigate the problem. This is done, in order to see 
what results suit the purpose best, and if the same result is obtained in each approach (Björklund 
and Paulsson, 2003). 

2.8.2 Increase Reliability 
Reliability refers to the general application of the result of a study and is used to discuss the 
capability of repeated studies to generate the same result. It furthermore examines the researchers 
affect on the data, and how these actions can lead to unreliable results. Reliability analyzes the 
method of study and investigates its affects on the data collected. The reliability of a study can be 
improved by using different methods for measurements, to determine variances, and to evaluate 
which method represents the most valid outcomes (Björklund and Paulsson, 2003).  

Figure 2:1 below, depicts the concepts of reliability and validity. The center illustration shows a 
valid but not reliable research method. The research in this method hits the aim of the study (but 
not so close), thus the study is fairly valid. However, repeated attempts are very scattered and thus 
not reliable. The illustration on the left of Figure 2:1 depicts a reliable, but not valid research 
model. The research model does not achieve the objective of the research. Nevertheless, repeated 
attempts are not scattered, and the completed attempts give same result, despite missing the aim 
of the study. The illustration on the right of Figure 2:1 shows a valid and reliable research model. 
The research model reaches the objective of the study and repeated attempts give analogous 
results.  

 
Figure 2:1. The concepts of reliability and validity 
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2.8.3 Increase Objectivity 
Objectivity is a term used for how the researchers have inflicted the data to make the result fit 
particularly interests. In order to get good objectivity, choices made during the research shall be 
discussed to give the reader an insight of how these choices affected the study and the result 
(Björklund and Paulsson, 2003). Studies that have a high degree of objectivity imply that the 
readers perceive the study as truthful and independent of the opinions of the researcher (i.e. the 
reader should obtain an own opinion without the involvement of the researcher). 
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3 Company Presentation 
This chapter introduces the reader to the Holmen business group and particularly to the company 
Holmen Paper. The chapter will give a solid base of what Holmen Paper looks like today and how 
the future is perceived. 

3.1 Holmen Business Group 
“Holmen   is   a   forest industry group that manufactures printing paper, 
paperboard and sawn timber and runs forestry and energy production 
operations.  The  company’s  extensive  forest  holdings  and  its  high  proportion  of  
energy production are strategically important resources  for  its  future  growth.” 
(Holmen, 2012a) 

Holmen is a manufacturing company in the forest industry with nearly 90 percent of the sales in 
Europe, which makes it the largest market. Holmen is a publicly listed company on the Stockholm 
stock  exchange  and   is  one  of  Sweden’s  most   important  exporters.  The  business  group  has  over  
4000 employees (Holmen, 2011a). 

Holmen has a commitment to five business areas. Three product-oriented business areas offer 
manufacturing based on renewable raw materials, Holmen Paper, Iggesund Paperboard, and 
Holmen Timber. Holmen Skog and Holmen Energi belong to raw-material-oriented business 
areas (see Figure 3:1). 

 
Figure 3:1. The structure of Holmen business group 
Holmen Paper 
Holmen Paper is the fifth biggest supplier of printed-paper in Europe. It has three production 
mills, Braviken and Hallsta in Sweden, and Madrid in Spain. Holmen Paper is now in a 
transformation, thus readjusting its product catalog from producing newspaper to produce more 
high quality paper types (Holmen, 2011a). 

Iggesund Paperboard  
Iggesund Paperboard is a pace setter regarding high quality segments for customer packaging and 
advanced graphical printing. Production is located in Iggesund, Sweden, and one in Workington, 
England. Iggesund Paperboard is big a source of income due to the large margins it can claim for 
its products (Holmen, 2012c). 

Holmen Skog  
Holmen  Skog  manages  Holmen’s  forests.  Holmen  Skog  provides  supplies  for  all  producing  units  
in Sweden, and hence manages just over a million of hectares of productive forestland. Holmen 
judges it important to have a sustainable re-growth, in order to ensure the supply in the future and 
to take an environmental responsibility (Holmen, 2011a).  
Holmen Timber  
Holmen Timber manufactures pine joinery and spruce construction at two sawmills, which both 
are located directly or nearby the  group’s  mills   at   Iggesund  and  Braviken   in  Sweden.  Over   the  
next years, Holmen Timber will double the capacity at the sawmill in Iggesund, and in January 
2011 the sawmill at Braviken became the largest sawmill in Scandinavia (Holmen, 2012d).  
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Holmen Energi 
Holmen  Energi   is   responsible   for  Holmen’s  hydroelectric  and  wind   turbines   in  order   to  deliver  
electricity  to  Holmen’s  Swedish  units.  Nearly  30%  of  the  group’s  electricity  consumption  can  be  
met with its own produced power (Holmen, 2012e).  

Holmen’s  overall  strategy  is  to  grow  and  develop  within  the  five  business  areas  (Holmen, 2011a): 

 Europe is the main market. 

 Quality, productivity, and focus on cost.  

 Commitment in leadership and a skilled workforce.  

 Strong financial positions and good profitability.  

 Sustainable development. 

3.2 Holmen Paper 
Holmen started producing paper in the late 17th century. At first, due to demand, when the 
company was a weapon manufacturer, but in the 19th century Holmen started manufacturing 
paper as a business and Holmen Paper was founded (Holmen, 2010).  HP’s   business   plan   is   to  
make  affordable  paper  of  good  quality,  and  to  be  their  customer’s  first  choice  of  supplier. 

Holmen  Paper’s  vision 
“To  be  the  preferred  supplier. The customers we want to do business with must 
come  to  us  as  their  first  choice.”  (Holmen, 2012f p. 4)  

Holmen  Paper’s  mission 
“To  deliver  value  for  readers  and  advertisers  by  offering  our  customers  
attractive and cost-effective  solutions  within  printed  media.” (Holmen, 2012f p. 
4)  

3.2.1 Company Structure 
HP has its head quarters in Norrköping, Sweden. Here, areas such as Marketing are located (more 
in section 3.2.3), as well as other essential functions regarding the management of the company 
(e.g.  finance  and  human  resources).  Complete  picture  of  HP’s  organization,  (see  Figure 3:2). 

 
Figure 3:2.  HP’s  company  structure.  RP  purchasing  regards  recovered  paper 
(Source: Holmen, 2012b) 
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3.2.2 Paper Mills 
Braviken 
Braviken paper mill is located outside of Norrköping, Sweden. The mill uses both fresh fiber and 
waste paper. The paper machines use the acronym (PM) and at Braviken PM51, PM52 and PM53 
are found. The three machines produce paper types that include MF- magazine, SC- paper and 
book (more in 3.2.5.1). The mill has a total production capacity of nearly 750,000 tons per year 
(Holmen, 2011a). 

Hallsta 
Hallsta paper mill is located in Mälardalen, Sweden. The mill uses fresh fiber in its production. 
The mill has three paper machines called PM3, PM11and PM12. The three machines produce 
products that include MF- magazine, newspaper, colored newspaper, and Guide (more in 3.2.5.1). 
The total capacity for Hallsta paper mill is about 670,000 tons per year (Holmen, 2011a).  

Madrid  
The Madrid mill only uses waste paper as raw material for its production. The mill has one paper 
machine called PM62. The machine produces newspaper and colored newspaper, with a total 
production capacity of 160,000 tons/year. Furthermore, the only utilized transportation option is 
delivery through lorries, in contrast to the other mills, which also utilize vessel and train (Holmen, 
2011a). 

3.2.3 Sales & Marketing Organization 
Sales & Marketing, depicted as Marketing in Figure 3:2, is divided into three departments: Sales, 
Market Development and Operations & Logistics (see Figure 3:3).  

Sales  
Sales (SA) sets long-term sales plans and manages sale processes for HP and has therefore much 
of the customer contact. Furthermore, SA manages the technical support, which helps customers 
to get the most out of the products regarding quality issues. SA also handles reclamation matters. 

Operations & Logistics 
The division Operations  &  Logistics   (O&L)   supports   the   sales  organization   and  manages  HP’s  
supply   chain.   The   department’s   responsibility   is   to   handle   everything regarding logistic issues 
(e.g.   plan   production   and   transportations).   Detailed   information   regarding   O&L’s   function   is  
within section 6.1. 

 
Figure 3:3. HP Sales & Marketing Responsibilities 
(Source: Holmen Paper, 2012 p. 3) 
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Market Development  
Market Development (MD) is responsible for development of new products and new markets. 
This department indentifies requests and possibilities within the markets. 

3.2.4 Sales Offices  
HP has eight sales offices (SO) for the European market, which all are located locally within its 
designated market in order stay in close contact with its customers (see Figure 3:4). There is an 
additional SO, called international sales, located in Norrköping. Its task is to develop and 
maintain business with customers outside Europe (i.e. the oversea market). The overall work task 
for the SOs is to accept and allocate orders, and provide O&L with short- term sales plans.  

 
Figure 3:4.  The  geographical  locations  of  HP’s  production  units  and  SOs 
(Source: Holmen Paper, 2012 p. 5) 

3.2.5 Products  
The paper market is a market with many diverse products, segmented in four main groups (see 
section 3.2.5.1.) The paper is given different characteristics by the way pulp is extracted, and if 
the paper mass contains mineral fillers. Paper quality is measured by brightness and opacity (i.e. 
how much light the paper lets through). Customers decide which paper they should choose often 
on what kind of image they intend to print on it, and how they want their customers to perceive it. 
Typically, the more luxurious looking paper and the higher quality, the more exclusive the brand. 
Paper brands aim to be associated with the customer perception of luxury paper.  

3.2.5.1 Product Classification 
As previously mentioned, the paper market is divided into four main categories LWC/MWC, SC 
paper, MF magazine/Book/Telephone directory paper, and standard newsprint. The sectioning is 
based in an old tariff regulation (Terins, Technical Support Manager, 2012). 

LWC/MWC (Light Weight Coated/ Medium Weight Coated)  
This group is the most exclusive paper type. The types of paper are produced through a blend of 
chemical and mechanical pulp. The paper has either a glossy or an unreflecting finish, and has a 
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good quality for printed images. Area of use includes magazines, product catalogs, and direct 
advertising (CEPIPRINT, 2008). 

SC (Super Calendered) - Paper  
SC is made of mechanical pulp with filling of mineral filler. The SC- paper category is divided in 
SC-A+, SC-A and SC-B. Area of use includes magazines, product catalogs, and direct advertising 
(CEPIPRINT, 2008). 

MF Magazine/Book/Telephone Directory Paper  
MF is produced of mechanical pulp, with different grade of finish. The paper has a wide range of 
quality. Area of use includes magazines, product catalogs, direct advertising, manuals, and books 
(CEPIPRINT, 2008). 

Standard Newsprint  
Standard newsprint is an uncoated paper, made of either mechanical pulp or recovered paper. The 
paper often has low brightness and high opacity. The paper is cost-effective but has low resolution 
on prints (CEPIPRINT, 2008). 

3.2.5.2 HP’s Products 
”HP  manufactures  and  markets  seven  products  brands  niched  towards  
different  applications”  (Holmen, 2011a p. 14) 

Holmen VIEW 
VIEW is a MF- magazine paper with good readability and excellent printing qualities. It has a 
bulky feel and high gloss and is a low cost competitor to LWC and SC- paper. The main areas of 
application are magazines, product catalogs and direct advertising (Holmen, 2011a).  

Holmen XLNT 
XLNT is a MF- magazine paper that is a bit thicker than traditional SC-paper, with good 
readability. Holmen XLNT is a competitor to SC-paper, and is in the segment a cost-effective 
product. The main areas of application are magazine, newspaper supplement and direct 
advertising (Holmen, 2011a).  

Holmen PREMIUM  
PREMIUM is a SC- paper with high brightness and low opacity. It competes with other SC-
papers of type SC-A and SC-B. The main areas of application are magazine, newspaper 
supplement and direct advertising (Holmen, 2011a). 

Holmen BOOK 
BOOK, as indicated by its name, is a book paper developed for readers comfort. Holmen BOOK 
dominates its market and no big competitors are present today. The main areas of application are 
books (Holmen, 2011a).  

Holmen PLUS  
PLUS is a MF- magazine paper with good contrast at low cost. The competition is in the MF- 
magazine market. The main areas of application are a newspaper supplement, direct 
advertisement and magazines (Holmen, 2011a). 

Holmen NEWS 
NEWS is newspaper. Holmen NEWS is developed to be manufactured in great quantities. The 
paper can be colored, thus to achieve distinction from others (e.g. the international paper financial 
times is NEWS). Competition is within the newspaper market. The main areas of application are 
newspaper and newspaper supplements (Holmen, 2011a). 

Holmen GUIDE 
GUIDE is a thin and light paper, with low brightness and high opacity. The market is diminishing 
and few competitors are present. The main area of application is telephone directories (Holmen, 
2011a).  
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3.2.6 Profit Development 
HP was, for a long time, the most profitable business within the Holmen business group. 
Nowadays, the printed-paper market is highly competitive. The profits have gone down, due to a 
lower demand for printed media because of the increase of digital media (e.g. portable reading 
devices) and the selling price of paper has followed. At the same time, the cost of electricity and 
raw materials has gone up. 

Looking   back   at   recent   years,   HP’s   profit   and   average   number   of   employees   have   decreased  
mainly due to shrinking profits along with increased competition. The average number of 
employees in 2010 was 2084 employees, compared to 1808 in 2011. As the margins in the 
business   have   gone   down   over   time,   so   has   the   profit.   In   2001,   which   was   HP’s   best   year  
financially, the profit was 2.41 billion SEK. Compared to 2009, the profit landed at 340 million 
SEK, 2010 in the aftermath of the financial crisis, -618 million SEK loss, and 2011 a profit of 228 
million SEK (Holmen, 2011a). According to HP’s  Business  Process  Manager,  Giselle  Sucre,  the 
outlook for 2012 is similar to 2011 result. 

3.2.7 The Development of the Paper Market  
The paper market is declining, and it has been going down since the financial crisis in 2008. In 
2011, the demand for printed-paper decreased to 21.9 million tons for the European market, 
which was a decrease with 0.8 million tons (about 4 percent) compared to 2010. 

The analysts say that the demand for printed-paper will decrease in the future, due to customers of 
printed media and newspapers adapting to use technical devices when reading. The new 
technologies have also made news more available and direct, as individuals questioned say that it 
is not that they do not want to read printed press, it is rather a matter of time. This drives the 
changes in the paper industry, from being a market where demand was more certain with a group 
of large customers that wanted few standard products, to countless smaller customers demanding 
a wider product portfolio (see Figure 3:5). The products asked for are also shifting from 
newspaper to more refined products, which are more suitable for magazines and advertisement. 
This means that orders in the future will be of a lower quantity, as the demand for variety of 
product and service increases. The paper industry will have to adjust their supply chains to meet 
the new demands from their customers (Terins, Technical Support Manager, 2012). 

 
Figure 3:5. The development of order requirements in the 21th century 
(Source: Holmen Paper, 2012 p. 14) 



3 - Company Presentation 

| 15 |  
 

3.2.8 Strategy 
HP’s  strategy  to  overcome  the  change  mentioned  in  section  3.2.7 is to get more specialized within 
the category of MF- magazine/Book/Guide market. With this strategy, HP predicts that the 
company will be more of  “a big fish in a small pond, rather being a small fish in a big pond” 
(Terins, Technical Support Manager, 2012). In 2011, HP had the largest production capacity of 
MF- magazine/book/Guide papers in Europe. Many of their products are in this segment, but they 
compete with SC-paper and LWC paper, where they are seen as low cost alternatives. Moreover, 
HP sees the new product Holmen VIEW as the product that will develop the market and take 
important market shares from competitors (Holmen, 2011a).  

3.2.9 Competitors 
HP has seven big competitors in Europe (see Figure 3:6). They all are companies that have roots 
in the Nordic region. Three of them have more production capacity than HP in total. UPM is the 
biggest competitor according to capacity, and essentially, sets the price for different product 
groups. This total control over the market has been accomplished since UPM acquired 
Myllykoski, a finish producer, in 2010 (Holmen, 2011a). 

 
Figure 3:6.  Overview  of  HP’s  competitors  when  capacity  is  measured 
(Source: Holmen, 2011a p. 13) 
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4 Frame of Reference 
This chapter aims to give the reader a solid theory background of supply chain and logistics 
management but also relevant theory connected to the thesis purpose. This will increase the 
readers understanding for the continuation of the report.  

4.1 What is a Supply Chain? 
One might reflect, how does a product, for example, a piece of furniture, arrive to a retailer? In 
some way, there must be a chain of events, which happen in a certain pattern and in a pre-
determined way in order for this to occur. These series of activities are known as a supply chain. 

A supply chain is the movement of products, information, and financial settlement up and down 
the channel of supply (Ross, 2011). A supply chain consists of a variety of players, which all 
provide a specialized function. The easiest constituted supply chain consists of no more than three 
players: the company (e.g. the producing company), the supplier (e.g. raw material supplier), and 
the customer (e.g. local groceries). As illustrated in Figure 4:1, the supply chain can also consist 
of transportation providers (e.g. service providers). Moreover, providers could also be 
warehousing, finance, market research and new product design (Scott et al, 2011). Thus, tracking 
a product (furniture) backwards (upstream) in a supply chain will reveal a number of supply chain 
players  and  processes  before  reaching  the  products’  raw  material  supplier. 

The physical flow (see Figure 4:1) moves from the left to the right, and ranges from raw materials 
to customers. The flow of information is continually moving back and forth (e.g. order 
confirmation, sales forecast, and customer feedback). There is also a reverse flow of material, 
though not depicted. This flow could be in the form of product returns or transportation 
equipment (e.g. pallets). Worth mentioning, is also the reverse flow of funds. In the supply chain, 
the  suppliers’  supplier eventually needs to be paid for his goods (Scott et al, 2011). 

 
Figure 4:1. The supply chain of a typical manufacturing company 

4.2 Supply Chain Management 
As the customers and producers are in close contact with each other regarding their proximity, the 
demand signals can quickly be communicated by the customers and identified by the suppliers. 
Nevertheless, as globalization increases and the distance between production and point of 
consumption increases, the complexity of the supply chain rises. Without the possibly of moving 
a product fast from point A (source) to point B (customer), a diminishing effect occurs on the 
producing  company’s  revenue  and  the  possibility  to  expand  the  company’s  business.  In  order  to  
bridge the problem of the gap between supply and demand, two vital functions have been 
recognized; one as logistics (further described in section 4.3) and one as supply value chain. The 
latter deals with the use of geographical companies that could support the distribution of the 
goods and services as representatives of producers elsewhere. The relationships governing the 
rights, duties, and behavior or producers and partners is named Supply Chain Management (SCM) 
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(Ross, 2011). Even though logistics is recognized as the main part of a supply chain, SCM is more 
than just the service and movement of a product from origin to destination. SCM regards the 
integration and coordination of its process capabilities with its suppliers and customers (Stadtler 
and Kilger, 2008). Illustrated in Figure 4:2, The house of Supply Chain Management (SCM), 
presents the overall objective of SCM as increasing competiveness and customer service, rooted 
in two pillars, integration and coordination.  

 
Figure 4:2. The house of SCM  
(Source: Stadtler and Kilger, 2008 p. 12) 

A standardized definition of SCM does not exist. Viewer opinions tend to differ due to variances 
in perspective. Nevertheless, some have tried to define SCM. According to the Council of Supply 
Chain Management Professionals (CSCMP): 

“Supply  Chain  Management  (SCM)  encompasses  the  planning  and  management  
of all activities involved in sourcing and procurement, conversion, and all 
logistics management activities. Importantly, it also includes coordination and 
collaboration with channel partners, which can be suppliers, intermediaries, 
third party service providers, and customers. In essence, supply chain 
management integrates supply and demand management within and across 
companies.”  (CSCMP, 2011) 

A further definition has also been made by Stadtler and Kilger (2008). They define SCM as: 

“the   task   of   integrating   organizational   units   along   a   supply   chain   and  
coordinating material, information and financial flows in order to fulfill 
(ultimate) customer demands with the aim of improving the competitiveness of 
a  supply  chain  as  a  whole.”(Stadtler and Kilger, 2008 p. 11) 
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4.3  Logistics Management 
“Logistics  adds  value” starts Muthiah (2010 p. 2), in his description of the objective of logistics. 
It  is  further  estimated  that  as  much  as  5  to  35  percent  of  a  company’s  sales  is  spent  on  logistics.  
Thus, logistics vital to business are expensive to manage. Moreover, the core interest of firms in 
the logistics business is not only to reduce cost but also to gain a logistical competency in order to 
create a competitive advantage. However, what is logistics? 

Logistics concerns the movement of products and services to a specific place, where they are 
needed, when they are desired. Nowadays, consumers expect a product to be available and fresh 
when required, and they expect a high level of logistical competency. No marketing or 
manufacturing process can be completed without logistical support (Muthiah, 2010). As 
previously mentioned, logistics concerns the issue of having the right product at the right time. It 
can  further  be  extended   to   the  seven  R’s  of   logistics;;  meaning,  having   the   right product, in the 
right quantity and the right condition, at the right place, at the right time, for the right customer, 
at the right price (Ross, 2011).  

Storhagen (2003) defines logistics as controlling and creating flow efficiency in the fields of 
information, physical and cash flow (see Figure 4:3).  

 
Figure 4:3. Logistics as understood by Storhagen (2003) 
(Source: Storhagen, 2003 p. 21, modified) 

Lumsden (2006) defines the term logistics efficiency. It can be described in terms of service, costs 
and cost of capital. All these parameters affect profitability, which is the overall goal for every 
company. Nevertheless, these parameters have a strong connection. Trying to improve one 
parameter will affect the other two. A classic example is when the management has decided they 
want to reduce transportation costs. The first step would be to reduce the number of transports. 
This lowers transportation costs, but at the same time the inventory will increase due the need to 
wait until sufficient quantities can be delivered, which will lead to increased cost of capital, and 
thus also the service towards the customers will be reduced. This dilemma is presented in Figure 
4:4 on the next page.  
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Figure 4:4. The logistic efficiency tradeoff  
(Source: Lumsden, 2006 p. 259, modified) 
To conclude, according to CSCMP, logistics is defined as: 

“the   part   of   SCM   that   plans,   implements,   and   controls   the   efficient,   effective  
forward and reverse flow and storage of goods, services, and related 
information between the point of origin and the point of consumption in order to 
meet  customer’s  requirements.”  (CSCMP, 2011) 

Oskarsson et al (2006) summarizes the definition of CSCMP as creating a cost effective delivery 
service at the lowest possible cost (i.e. give the customer the service he/she wants at the lowest 
possible logistics costs). The same authors stress also that the most important task for people who 
work with logistics is to see the holistic perspective, and not just work for their own best (i.e. not 
sub-optimizing its own department).  

4.3.1 Delivery Service 
Delivery service is an important term in logistics. It is shown that a high delivery service is vital 
for customers, when deciding which company to contract. However, what is delivery service and 
what are the issues involved in giving a good service? 

It is important to clarify the difference between customer service and delivery service. Customer 
service regards everything that has to do with the customer relations, and delivery service regards 
the specific parts in customer service that concern the physical flow (Lumsden, 2006). 

In contrast to Mattsson and Jonsson (2011), Lumsden (2006) takes information as a part of the 
delivery service. The reason for this is that information exchange is very valuable in an ordering 
process in which the customer can easy places orders and gets feedback in time for what is going 
to be delivered.  

To give the customer the right level of service, one needs to identify what level of service the 
customer requests. Additionally, it is important to see which service elements the customers focus 
on (e.g. quality, flexibility or information exchange). When a supplier and customer shall agree on 
a delivery service level, it is important for both sides to use the same measurements in order for 
the supplier to give the service requested. However, a supplier cannot give the customer one 
hundred percent delivery service. This is due to the fact that high service comes at a high cost, and 
there is an exponential relationship between cost and service (see Figure 4:5 on the next page) 
(Mattsson and Jonsson, 2011).  

The relationship between cost and service exists because of what service is given. For example, 
high delivery reliability generates higher levels of inventory, short lead-time comes with local 
inventories instead of a one global, flexibility comes with over-capacity or over-production at the 
producing units, and quality is driven by control. Improving delivery service is only affordable at 
a certain level, as companies are not able to provide products at any circumstances because of the 
costs of holding large inventories or flexibility constraints (Lumsden, 2006). 
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Figure 4:5. The tradeoff between cost and delivery service 
(Source: Storhagen, 2003 p. 176, modified) 

A good delivery service influences revenue generated. Theoretically, the relationship between 
service and revenue can be illustrated with an s-curved graph (see Figure 4:6). A company who 
has a poor delivery service and improves it, observes only a small increase in revenue, and 
likewise, a company who has good delivery service, only observes a small increase in revenue 
when the delivery service is increased. However, a company who performs like the average 
company observes a large increase in revenue when the delivery service is increased.  

 
Figure 4:6. The tradeoff between revenue and delivery service 
(Source: Lumsden, 2006 p. 261, modified) 

Within delivery service, which is a holistic term, Lumsden (2006) and Oskarsson et al (2006) 
define a number of elements important to understand: lead-time, delivery precision, delivery 
reliability, service ratio, flexibility and information. In addition, Storhagen (2003) defines the 
same elements with the exception of customization. Nonetheless, this is defined and included in 
the term flexibility by (Lumsden, 2006; Oskarsson et al, 2006).  

Lead-time  
Individuals typically connect the phrase lead-time and delivery service. Generally, lead-time is 
divided into a supplier portion; which concerns the time from order reception until order 
completion, product and transport time to customer, and a customer portion; which includes, time 
from inquiry, order instance until goods reception. Since the supplier lead-time is the one of the 
two that varies the most, this one will be determined as lead-time. The customer lead-time could 
be seen as a supplement to the supplier lead-time (Mattsson, 2010). As illustrated in Figure 4:7, 
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the delivery lead-time before an order, is called expected lead-time, hence it is often a forecast. 
Generally, it is the delivery lead-time found in the ERP- system (see section 4.7), or the lead-time 
the supplier normally utilizes. By the order instance, the supplier can offer the customer a lead-
time, hence called confirmed lead-time. Nevertheless, the perceived lead-time is not known until 
the actual delivery date. The difference between the expected and confirmed lead-time is called 
lead-time variation before order. This is an indicator of how much the lead-time varies from order 
to order, and it expresses the suppliers ability to inform, and to consequentially keep its lead-
times.  

 
Figure 4:7. Lead-time as understood by Mattsson (2010) 
(Source: Mattsson, 2010 p. 3) 

The difference between confirmed lead-time and real lead-time is called lead-time variation after 
order. Widely, this indicator is known as delivery precision (Mattsson, 2010) 

Delivery Precision 
The delivery precision, often termed delivery performance in various literatures, is the accuracy in 
the delivery (i.e. the delivery when promised). Normally, it is measured in terms of the actual 
delivery date compared to the delivery date mutually agreed upon, thus the ability to keep the 
promised lead-time. Often, the delivery is determined to one specific date, but sometimes even a 
time interval is accepted. Increasing the delivery precision may improve the competitive position 
for a company, and hence generate additional sales (Stadtler and Kilger, 2008).  

In recent times, the focus on delivery precision has increased due to that more recognized, Just-In-
Time, as a delivery method. Striving after reduced lead-times may increase fuel cost, 
environmental impact and damages. On that account, more favor reliable lead-times, meaning 
high delivery precision is, at times, more preferable (Lumsden, 2006). 

Moreover, important to clarify is that the term delivery precision here only depicts the time aspect 
of the delivery of an order. Normally, the delivery precision is an indicator that indicates how 
often a company delivers orders in time, in full, with all documentation, and free of damage. 
Sometimes, this indicator is also recognized as Perfect Order Fulfillment (POF). More in section 
4.6.4, Standardized KPIs.  

Delivery Reliability  
The delivery reliability describes the ability to deliver the correct item in the correct quantity and 
quality. As with the delivery precision, delivery reliability has gained recent attention, due the 
increased usage of Just-In-Time methods. Today, one cannot afford to have faulty deliveries, 
because of the general reduction of inventory in the business (Lumsden, 2006).  

Service Ratio 
The service ratio is defined as the ability to deliver directly from inventory. Sometimes this 
element is termed stock availability. The ratio is easy to measure in an exact number, thus the 
probability to deliver directly from inventory (Lumsden, 2006).  

Flexibility 
The demand of being able to adapt to customer requirements is steadily increasing. This regards 
to a possible switch of order batches, delivery addresses, delivery frequency, and documentation 
etc. The flexibility of a supplier could constitute a great competitive advantage and attract 
additional customers (Lumsden, 2006). 
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Information 
Currently, the information exchange between customer and supplier is extraordinarily essential; 
the better exchange of information, the better cooperation. This regards what the customer desires 
and anticipates. Also noted, is also the ability to communicate faults when they occur (Lumsden, 
2006). 

The relationship between the supplier and customer is linked to the deliveries the customer will 
receive. It is constituted of delivery precision, delivery reliability and service ratio. The suppliers 
service will determine if the supplier will maintain to be the supplier or if the customer whishes to 
change. The service ratio, the supplier will experience and as for the customer, the delivery 
precision and delivery reliability (see Figure 4:8).  

 
Figure 4:8. Where at the supplier and customer to measure the delivery service 
(Source: Lumsden, 2006 p. 264, modified) 

4.3.2 The Customer Decoupling Point 
In business terms the customer order point is called the customer decoupling point (order 
penetration point), which indicates where in the production the order arrives to the company. The 
ideal would naturally be to produce once a product is desired. Nevertheless, today customers 
expect products to be available when they want. As different products have diverse customers, the 
supply of the products will shift. The supply chain could be either product supplied or customer 
demand driven. A supply chain that is customer demand driven one must place an order to receive 
the product. A good example here is the purchase of a new car. First, when you have chosen car 
model, color and interior the order is allocated for production. This supply chain is characterized 
by a high degree of customization and longer delivery lead-time. In addition, is a supply chain 
that is product supplied. Products that could be found in supermarkets are all produced and 
supplied ahead of the customers actual orders. Hence, no one would like to wait a week for their 
milk to arrive. This kind of supply chain is characterized by a larger inventory and lower product 
value for each unit (Scott et al, 2011). The decoupling point is determined to be placed in line 
with the time the customer is willing to wait, the further upstream in a supply chain, the longer the 
customer must wait, and vice versa (see Figure 4:9).  

Described below, are the four different strategies of how to produce according to when the 
customer’s  order  arrives. 

Make to Stock (MTS)  
Manufacturing is done beforehand and based on a forecast of coming demand. 

Assemble to Order (ATO) 
Assembling  starts  after  a  customer’s  order  has  been  received. 
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Make to Order (MTO) 
Manufacturing  only  begins  after  a  customer’s  order  has  been  received.  

Engineer to Order (ETO) 
The manufacturing process starts with development and design of the product. 

 

 
Figure 4:9. The customer decoupling point at different production strategies  
(Source: Wikner and Rudberg, 2005 p. 213) 

Summing up, the supply chain can be started by product supply or by customer demand. 
Depending on the degree of customization and lead-time (which decreases downstream), one can 
determine how much, and in which format, a company must hold inventory (Scott et al, 2011). 

4.3.3 Process Choice 
Process choice is one of the most difficult decisions a manufacturing company has to make 
regards its customers, products and processes. Factors that must be considered while determining 
the right process are for example, the category or type of product, the product complexity and 
volumes involved. There are at most five manufacturing processes – project, jobbing, batch, line 
and continuous processing. Project and continuous processing are product/industry specific, while 
the other three provide an alternative to various industries. To illustrate which process choice to 
consider, the product-process matrix has been constructed (see Figure 4:10). Depending on the 
volume, which refers to   order   quantity,   the  matrix   could   be   of   help   determining   a   company’s  
process choice (Hill, 2009).  

 
Figure 4:10. The product-process matrix 
(Source: Hill, 2009 p. 154) 
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4.4 Supply Chain Analysis 
Before starting an improvement process in a supply chain, one must have a clear overview of how 
the system is constructed and how it functions. Consequently, a thorough analysis of the supply 
chain ought to be completed. Often, the analysis consists of two tasks: process modeling and 
performance measurement. The analysis does not only have to depict the correct type of supply 
chain, but also reflect this in the performance measures to be evaluated. Measurement is 
important, as it affects behavior that influences supply chain performance. Thereby a company 
can evaluate whether the supply chain has improved or degraded (Stadtler and Kilger, 2008).  

4.4.1 Process Modeling 
A process is defined by Franceschini et al (2007 p. 4) as “an  integrated  system  of  activities  that 
uses   resources   to   transform   inputs   to   outputs”, a black box, wherein the input elements are 
transformed to output, could even illustrate the description. A process approach is an effective 
tool in the management and analyzation of supply chains, and the modeling process is a 
significant part. Furthermore, the finished process model needs to be linked to performance 
measures. Normally, a process output is the input to another creating an input-output relationship. 
Thus, meaning that one must analyze the output from one process when considering the benefit it 
has created. The task of modeling a process means describing it, and considering the targets that 
should be met. The mapping of a process is essential in order to obtain a holistic view. Increasing 
detail in modeling leads to more accurate sub-processes. When analyzing supply chains, it is 
necessary to map the material flow (and related information flow) from the point of origin to final 
customer (Stadtler and Kilger, 2008). Monitoring a process requires identification of a numerous 
of activities, responsibilities, and indicators for testing effectiveness and efficiency. Effectiveness 
regards setting the right goals and objectives, thus, making sure the right actions are taken. It is 
measured comparing results with objectives. In addition, efficiency regards creating the most 
output from the inputs, thus analyzing if people or products doing their jobs correctly 
(Franceschini et al, 2007). 

Stadtler and Kilger (2008) recognize eight center supply chain processes: 

 Customer relationship management 

 Customer service management 

 Demand management 

 Order fulfillment 

 Manufacturing flow management 

 Supplier relationship management 

 Product development and commercialization 

 Results management  

The most widely spread process model, particularly designed to model supply chains, is the 
SCOR model depicted in section 4.5. It has been developed to assist the construction of a 
systematic supply chain performance measurement and improvement tool, and it is often 
recognized as a systematic approach for identifying, evaluating and monitoring of the 
performance of a supply chain (Cai et al, 2009). 

4.4.2 Performance Measurement 
Performance measurement is essential for companies whose intentions are to improve the supply 
chain’s  efficiency.  Performance  measurement  regards  the  possibility  to  map  the  supply  chain  in  a  
consistent way, and thus be understood by any key business partner, and to measure a supply 
chains performance. There are various metrics (see section 4.6) that capture the behavior a supply 
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chain generates. Most of the metrics used in supply chain performance evaluation regard 
operational performance, evaluate improved effectiveness, and examine strategic alignment of the 
whole supply chain. Once critical metrics have been indentified and selected, another problem 
arises. At times, metrics are correlated and improving one metrics might have a negative effect on 
another one (Stadtler and Kilger, 2008). 

4.5 The SCOR-Model 
The Supply Chain Operations Reference (SCOR) - model developed in 1996 by the Supply Chain 
Council (SCC), a global non-profit organization, is a process-modeling tool, developed to link 
processes, metrics and best practices into a unified structure. Currently, the SCOR model is a 
worldwide known framework, which makes it possible for organizations who have acknowledged 
the SCOR model   to   quickly   determine   and   compare   the   performance   of   their   own   company’s  
supply chain with others who also are SCOR mapped. Since the start, several companies have 
acknowledged SCOR. Today, international companies such as Ericsson and SAP are common 
users. The quotation, “what   you   can’t   measure,   you   can’t   control” is frequently used when 
discussing the performance of a supply chain. With the adaptation to the SCOR model, the supply 

chain can be controlled and managed.  

The main argument to acknowledge SCOR is, as just mentioned in the introduction, that a 
company who has recognized the SCOR model links performance metrics, processes and best 

practices into a unified structure, and hence can create a solid measurement method. 

The remaining text in this section is only slightly modified from Bartoll et al (2011). 
The SCOR model constitutes of three parts: 

 An easy modeling tool in order to be able to build up the supply chain in a way 

that could be understood by any key business partner. 

 A number of Key Performance Indicators (KPI). SCOR provides a framework 

for measuring in the exact same way, in every department at a company. This 

contributes to an extended understanding of the supply chain and possible 

identification of lack in performance, which in fact may not be in line with the 

company’s  strategy. 

 A benchmarking tool makes a comparison with other companies and supply 

chains possible. The SCOR model considers all relationships and interactions 

from   a   supplier’s   supplier,   to   the   customer’s   customer,  meaning all customer 

interactions from order entry to payment, product transactions to all market 

interactions are considered. 

The SCOR is mapped with the help of a number of processes. Defined by the SCC is a SCOR 
process as “a  process  is  an  activity  performed  to  meet  predefined  outcomes.”  Furthermore, SCOR 
processes are split into three levels of complexity, denoted level 1, level 2 and level 3. 

SCOR processes help to standardize the description of the supply chain architecture (level 1 and 
level 2), and the implementation of the architecture (level 3). In level 1, five core processes are 
defined; Plan, Source, Make, Deliver and Return. The Plan process handles the balance of supply 
and demand in the overall supply chain. The Source process considers the procurement of goods 
and services, which in turn, are involved in the production process. The Make process handles the 

transformation of material to finished products. The Deliver process, considers the management 

and transportation of products to end customers. The Return process manages the return and 

receiving of returned products. For an overview of the SCOR model, see Figure 4:11 on the next 

page.  
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 Figure 4:11. The SCOR model at the level 1 process 
(Source: Supply Chain Council, 2010a) 

The different levels of modeling in SCOR constitute different task, the level 1 processes are used 
to depict the scope and basic configuration of a supply chain, the level 2 processes differentiate 
between level 1 processes and there are a total of 26 processes at this level, and the level 3 
processes describe the steps to execute and perform level 2 processes. Altogether, there are totally 
185 processes at level 3.  

SCOR measures performance in two ways, performance attributes and metrics. A performance 
attribute is a well-known company strategy (e.g. reliability, meaning the ability to execute tasks as 
expected). In order to compete on the market with this attribute, it is vital to be able to measure 
how well the company actually performs in this area. Metrics are the key component to calculate 
this;;  “Metrics measure the ability of a supply chain to achieve strategic attributes” (Supply Chain 
Council, 2010a p. 7). A single attribute cannot be measured alone, and normally, an attribute 
contains of a number of metrics and not only one. The most commonly used attributes to measure 
supply chain performance are reliability, responsiveness, agility, costs and asset management. 
SCOR contains three levels of metrics (notice the similarity in processes) from level 1 to level 3. 
Level 1 metrics are diagnostics to the overall condition of a supply chain, also known as a KPI. A 
level 1 metric, where the attribute reliability is considered, is Perfect Order Fulfillment. Level 2 
serves as a diagnostic for level 1 metrics and level 3 serves for as a diagnostic for level 2. 
Recommended by the SCC is, at least, to measure one metric for each performance attribute to 
ensure a balanced decision-making and governance. 

How the different levels of the SCOR model have been developed over time, see Figure 4:12.  

 
Figure 4:12. Over time development of the SCOR levels 
(Source: Bartoll et al, 2011 p. 3) 
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4.6 Key Performance Indicators  
As of today, it is barely manageable to run a company without the knowledge of Key 
Performance Indicators (KPIs). Partly, because the executives would not know how well their 
employees performed and further have possibility to indentify underperforming individuals or 
teams. Every firm, every activity, every worker needs KPIs. They accomplish the fundamental 
activities of measuring and evaluating how a company is performing (Franceschini et al, 2007). 
Nonetheless, one should be careful when using KPIs. The selection of good KPIs is a hard and 
challenging task, with many possibilities for error. If, faulty chosen, a KPI can drive a company in 
the wrong direction and into total confusion, resulting in counter-productive consequences if it is 
not accurately aligned with the company strategy, and if the underlying casual model is not 
considered (i.e. valid) (Stadtler and Kilger, 2008). Moreover, according to Parmenter (2010), 
many companies work with the wrong measures, denoting performance indicators as KPIs, which 
are not actually KPIs. 

4.6.1 Definition of KPIs 
KPIs are recognized by Stadtler and Kilger (2008 p. 49) as numbers, financial and non-financial, 
that inform individuals about relevant criteria in a defined way. A more deeper and precise 
description is given by Franceschini et al (2007); 

“the   qualitative   and/or   quantitative   information   on   an   examined phenomenon 
(or a process, or a result), which makes it possible to analyze its evolution and to 
check whether quality targets are met, driving actions and 
decisions.”(Franceschini et al, 2007 p. 7) 

Generally, a company can utilize two performance indicators. It is either metrics or KPIs. Metrics 
refer to measurements of business activity and KPIs embody a strategic objective and measure 
performance against predetermined goals (Eckerson, 2009). KPIs are often represented as a ratio 
or percentage, and are tracked over time, in order to capture performance. It is essential to 
remember that variations observed by KPIs have to be linked to a causal model of the underlying 
process or observation (i.e. which other KPI will be affected if one is improved) (Stadtler and 
Kilger, 2008). KPIs and strategies are highly correlated, “a  strategy  without  indicators  is  useless;;  
indicators   without   a   strategy   are   meaningless” (Franceschini et al, 2007 p. 9). If KPIs and 
strategies are not aligned, it may occur that the supply chain pursues a conflicting goal, and 
increasing costs follow as the company tries to get back in line with the strategy. Furthermore, 
Stadtler and Kilger (2008), stresses the importance that the employees see the holistic view when 
interpreting KPIs. This meaning not only trying to improve a departments own functional goals 
(e.g. maximizing capacity utilization), but the overall company objective, (e.g. perfect order 
fulfillment). The recommended number of KPIs an organization should utilize differs in literature, 
Kaplan et al (1996) and Christopher (2005) suggest not having more than 20 KPIs, Parmenter 
(2010) suggest 10 KPIs, and Hope and Fraser (2003) not to exceed 10 KPIs. 
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The goals, which are connected to a KPI, are multidimensional. Summarized in Table 4:1 are the 
six fundamental objectives of a KPI (Eckerson, 2009).  

Table 4:1. The multidimensional goals that are attached to a KPI 
(Source: Eckerson, 2009) 

Objective Description 

Strategy KPIs embody a strategic objective 

Targets KPIs measure performance against specific target. Targets are 
defines in strategic, planning or budget sessions and can take 
different forms. Since the target for every specific KPI can be 
different Eckerson (2009) defines five type of targets:  

Achievement – Performance should reach or exceed target (e.g. 
revenue) 

Reduction – Performance should reach or be lower than target (e.g. 
overtimes hours) 

Absolute – Performance should equal the target (e.g. on time 
delivery) 

Min/Max – Performance should be within range of values (e.g. mean 
time between repairs) 

Zero – Performance should be equal to zero (e.g. product defects)  

Ranges Targets have ranges of performance, which help workers to gauge 
their performance. Most typical ranges are above, on, or below 
target. 

Encoding Ranges are encoded in software, enabling the visual display of 
performance. For example could above, on, or below target be 
transformed to a green, yellow or red color. 

Time Frames Targets are assigned times frames by which they must be 
accomplished. A time frame is often divided into smaller intervals to 
provide mileposts of performance along the way (e.g. an annual 
target may be divided into four quarterly intervals). 

Benchmarks Targets are measured against a baseline or benchmark. This becomes 
the starting point of measurement improvement. Initially, the 
previous   years’   results   often   serve   as   a   benchmark,   but   arbitrary  
numbers or external benchmarks may also be used. 

Moreover, stated by Parmenter (2010), is that a handful of companies do not have enough 
knowledge about performance indicators and wrong indicators (metrics) are denoted KPIs. The 
author stresses the importance of understanding what KPIs really are. Overall, Parmenter (2010) 
presents four types of performance indicators.  

1. Key Result Indicators (KRIs)  
Depicts how well you have performed in a perspective or critical success factor 
(e.g. customer satisfaction, return on capital employed). KRIs typically covers a 
longer period than KPIs. Further are they review monthly or quarterly cycles 
and not on a daily basis. 
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2. Results Indicators (RIs) 
Informs you what you have done. Depicts all financial performance indicators 
(e.g. sales made yesterday, net profit on key product lines). 

3. Performance Indicators (PIs) 
Informs  you  what  to  do.  They  help  teams  align  themselves  with  the  company’s  
strategy, and are non-financial (e.g. late deliveries to key customers, customer 
complaints from key customers). 

4. Key Performance Indicators (KPIs) 
Informs you what to do to increase performance. KPIs focus on the most critical 
current and future indicators for organizational success. Further, they are non- 
financial,   measured   frequently   and   most   importantly,   provide   the   company’s  
CEO  the  ability  to  question  “Why?”  (this  meaning  that  a KPI is tied to a team 
who can be responsible for the negative KPI, or vice versa, the positive). 

The author uses an onion analogy to describe the different performance measures (see Figure 
4:13). The shell gives an indication of the overall condition and how well it has been handled. The 
shell is a key result indicator. Further, the more skin that comes off, the more information comes 
to the surface. The layers represent diverse performance and result indicators. To conclude, the 
core of the onion, the KPIs that contains most of the information.  

 

 
Figure 4:13. Key performance indicators as understood by Parmenter (2010) 
(Source: Parmenter, 2010 p. 2) 
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4.6.2 Interpreting KPIs 
One could easily interpret a KPI wrong, if the representation was not standardized. Eckerson 
(2009) stresses the importance that the representation must be straightforward. Overall, seven 
attributes are created to assist the interpretation (See Table 4:2). 

Table 4:2. Seven attributes to utilize when simplifying the interpretation of a KPI 
(Source: Eckerson, 2009) 

Attribute Description 

KPI Name Usually hyperlinked so if a user clicks on it a time series chart is 
presented 

Trend Measures against the prior time interval or another time period. 
Normally, it is displayed using trend lines 

Status Measures performance against the set target. Often represented in a 
stoplight 

Actual Value Measures the actual value of the KPI 

Target Value Measures the target value of the KPI 

Variance Measures the variance of the actual and target value 

Variance 
Percentage 

Measures the variance percentage against set target 

To clarify the information in Table 4:2, Figure 4:14 below, is an example from Eckerson 
(2009) illustrating the seven attributes are operational.  

 
Figure 4:14. An illustration the seven attributes 
(Source: Eckerson, 2009 p. 10) 

4.6.3 Leading and Lagging KPIs 
Parmenter (2010) disagrees with Eckerson (2009) on how KPIs can be divided into leading and 
lagging indicators. Eckerson (2009) states, like the overall literature, a distinct difference between 
leading and lagging indicators can be made. Leading indicators measure activities that have a 
significant effect on future performance. They either measure activity in its current state (e.g. 
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number of phone calls made today) or in a future state (e.g. number of meetings planned for the 
next  week).  Leading  indicators  are  more  powerful  because  they  give  the  company’s  management  
an incentive to affect the outcome. Lagging indicators measure the output of the past. Most 
financial KPIs are hence lagging indicators, and therefore, they cannot be influenced. In addition, 
Parmenter (2010) ignores leading and lagging indicators. In the description of why, he makes a 
metaphor with a plane that is flying two hours late. As the plane left two hours late, it is a lag 
indicator but at the same time, the plane will create a future problem when it lands, and thus a 
leading indicator. To resolve this dilemma he suggests that KRIs and RIs to replace the lag 
indicators. PIs and KPIs to replace lead indicators, which are further characterized as past, current 
or future focused measures. He further states why leading and lagging indicators were to be 
replaced, “the   lead/lag   division   did   not   focus   adequately   enough   on   current   or   future-oriented 
measures” (Parmenter, 2010 p. 11). 

4.6.4 Standardized KPIs 
As earlier mentioned, it is recommended to have between 10 - 20 KPIs in one organization. One 
KPI of particular interest is delivery precision (alt. delivery performance), due to the revenue 
creating part of logistics concerns delivery service, and delivery precision is a subgroup to this. 
Furthermore, the KPI is non-financial, and thus, has the advantage that it is easier to quantify, as 
there are no costs linked to its calculations, and it turns the attention directly to the physical 
processes (Stadtler and Kilger, 2008). However, in addition to the literature presented regarding 
the term delivery precision in section 4.3.1, the KPI delivery precision care for more than just the 
time aspect of an order. Typically, delivery precision is often recognized as how often a company 
has a Perfect Order. There are mainly two widely spread definitions of how to calculate a perfect 
order, either Perfect Order Index (POI) or Perfect Order Fulfillment (POF). 

4.6.4.1 Perfect Order Index  

The Warehousing Education and Research Council (WERC), Material Handling Industry of 
America (MHIA), and the Manufacturing Enterprise Solutions Association (MESA), all utilize 
the POI. It is defined as a compilation score which measures the result of the four key components 
(delivered on time, shipped complete, shipped damage free and correct documentation) of a 
perfect order (Manrodt and Vitasek, 2009). 

1. Delivered on Time. The percentage of orders that arrive at their final destination on the 
agreed   upon   time.  However,   “on   time”   can  mean  many  different   things   (e.g.  within   an  
hour or on a specific day). Furthermore, agreed upon time means that the customer and 
shipper have agreed on a delivery time, hence forms a contract commitment. 

                                               𝑁𝑢𝑚𝑏𝑒𝑟  𝑜𝑓  𝑜𝑟𝑑𝑒𝑟𝑠  𝑜𝑛  𝑡𝑖𝑚𝑒          
𝑇𝑜𝑡𝑎𝑙  𝑛𝑢𝑚𝑏𝑒𝑟  𝑜𝑓  𝑜𝑟𝑑𝑒𝑟𝑠  𝑠ℎ𝑖𝑝𝑝𝑒𝑑   ∗ 100%                              (4.1) 

2. Shipped Complete. The percentage of orders which are shipped completely, thus all 
line/units with the order per agreement between the customer and shipper. 

𝑁𝑢𝑚𝑏𝑒𝑟  𝑜𝑓  𝑜𝑟𝑑𝑒𝑟𝑠  𝑠ℎ𝑖𝑝𝑝𝑒𝑑  𝑤𝑖𝑡ℎ  𝑎𝑙𝑙  𝑔𝑜𝑜𝑑𝑠
𝑇𝑜𝑡𝑎𝑙  𝑛𝑢𝑚𝑏𝑒𝑟  𝑜𝑓  𝑜𝑟𝑑𝑒𝑟𝑠  𝑠ℎ𝑖𝑝𝑝𝑒𝑑   ∗ 100%          (4.2) 

3. Shipped Damage Free. The percentage of orders shipped in good and usable condition. 
Orders damaged during transport are not considered. 

𝑁𝑢𝑚𝑏𝑒𝑟  𝑜𝑓  𝑜𝑟𝑑𝑒𝑟𝑠  𝑠ℎ𝑖𝑝𝑝𝑒𝑑  𝑑𝑎𝑚𝑎𝑔𝑒  𝑓𝑟𝑒𝑒
𝑁𝑢𝑚𝑏𝑒𝑟  𝑜𝑓  𝑡𝑜𝑡𝑎𝑙  𝑜𝑟𝑑𝑒𝑟𝑠  𝑠ℎ𝑖𝑝𝑝𝑒𝑑   ∗ 100%              (4.3) 

4. Correct Documentation. The percentage or orders which the customers received an 
accurate invoice or other document.  

          𝑁𝑢𝑚𝑏𝑒𝑟  𝑜𝑓  𝑜𝑟𝑑𝑒𝑟𝑠  𝑤𝑖𝑡ℎ  𝑐𝑜𝑟𝑟𝑒𝑐𝑡  𝑑𝑜𝑐𝑢𝑚𝑒𝑛𝑡𝑎𝑖𝑜𝑛𝑁𝑢𝑚𝑏𝑒𝑟  𝑜𝑓  𝑡𝑜𝑡𝑎𝑙  𝑜𝑟𝑑𝑒𝑟𝑠 ∗ 100%            (4.4) 
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The POI is calculated by multiplying each of the components of the perfect order to one other. For 
example, if the overall components were measured at 75%, the resulting POI would be 31, 6% 
(0, 75 ∗ 0,75 ∗ 0,75 ∗ 0,75). 
The benefit with POI is that is straightforward, widely spread and has an easy interpretation of 
how it is measured. On the other hand, the POI does not consider if the order fulfills all four 
components at the same time, which the Perfect Order fulfillment does (see next section 4.6.4.2). 
The POI is thus a statistical representation of a perfect order measurement. It looks at each 
individual component of an order. By multiplying the individual components, the POI takes into 
account that more than just one component of an order can fail for the same order (Manrodt and 
Vitasek, 2009). 

4.6.4.2 Perfect Order Fulfillment 

In section 4.5 (the SCOR model), five supply chain attributes were presented, reliability, 
responsiveness, agility, costs and asset management. Stadtler and Kilger (2008), present the same 
attributes with the exception for agility. As these are attributes, they must represent something to 
measure. Remembering the theory from the SCOR model, level 1 is recognized as KPIs. Defined 
in the SCOR model, there are various level 1 KPIs for the attributes. Reliability and 
responsiveness contain one KPI, agility contains four, and cost and asset management contain two 
respective three. Looking deeper into the attribute reliability, addresses it the ability to perform 
tasks as expected. It focuses to meet on time, the right quantity and the right quality. It is termed 
Perfect Order Fulfillment.  

For the overall KPI, it is represented as the percentage of orders meeting delivery performance, 
with complete documentation and no delivery damage (i.e. prefect order) (Supply Chain Council, 
2010a). To be able to be a perfect order a number of requirements must to be fulfilled (Supply 
Chain Council, 2010b): 

 An order is recognized as perfect, if the products ordered are the products provided and 
the quantities ordered match the quantities delivered.  

 A delivery is considered perfect if the location, specified customer, and delivery time is 
fulfilled. 

 Documentation is considered perfect if it is accurate, complete, and on time. 

 The product condition is considered perfect, if the product is delivered on specification, 
with the correct configuration, without damages, customer ready and accepted by the 
customer. 

Each component receives score 1 if it judged to be perfect, 0 otherwise. For an order line to be 
perfect all the individual components have to be perfect, thus if the sum of all the scores equals 
the number of components, it is perfect (Supply Chain Council, 2010b).  

The POF is calculated as: 

𝑃𝑂𝐹 =  𝑁𝑢𝑚𝑏𝑒𝑟  𝑜𝑓  𝑝𝑒𝑟𝑓𝑒𝑐𝑡  𝑜𝑟𝑑𝑒𝑟𝑠𝑇𝑜𝑡𝑎𝑙  𝑛𝑢𝑚𝑏𝑒𝑟  𝑜𝑓  𝑜𝑟𝑑𝑒𝑟𝑠 ∗ 100  %                                                                                            (4.5) 

The main difference with POF and  POI  is  that  the  former  “follows”  an  order.  Remember  from  the  
previous section, the example with the four components of a perfect order to be each measured at 
75%. According to the POI the measurement was 31, 6%. Imagine the 25% incomplete, 25% late, 
25% damaged, and 25% badly documented were for all different orders. According to the SCOR 
theory, the POF would be 0%. Even though that each component was measured to 75%, the 
company has not fulfilled a single complete order. Here, the difference between the POI and 
SCOR is immense, 31,6% (Francis, 2010).  

The POF is a top-down approach. First, one evaluates the level 1 metric (i.e. POF). If there are 
any problems, one proceeds to level 2, and finally to level 3 if additional problems. On all levels 
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of metric, if one metric is correct, then 1, otherwise 0. Depicted in Table 4:3, all metrics at level 1, 
2 and 3 at the POF.  

Table 4:3. The KPI Perfect Order Fulfillment as defined in the SCOR model 
(Source: Supply Chain Council, 2010b, modified) 

Level 1  Perfect Order Fulfillment 

Level 2   Delivery Performance to Customer Commit Date 

   % of Orders Delivered in Full 

   Documentation Accuracy 

   Perfect Condition 

Level 3 Customer Commit Date Achievement Time Customer Receiving  

 Delivery Location Accuracy 

 Delivery Item Accuracy 

 Delivery Quantity Accuracy 

 Shipping Documentation Accuracy 

 Compliance Documentation 

 Other Required Documentation Accuracy 

 Payment Documentation Accuracy  

 Orders Delivered Damage Free Conformance  
 Orders Delivered Defect Free Conformance 

 % Orders Received Damage Free 

 % Faultless Installations 

 Warranty & Returns 

Delivery Performance to Customer Commit Date 
Order delivery performance to customer commit date considers if the order was delivered to the 
right location at the right time based upon the original commitments agreed to by the customer. 
Orders canceled by the customer are excluded from the metric. Orders that are changed and 
initiated by the customer, and agreed to by the supplier supersede original commitments. The 
metrics   has   no   “In   full”   element,   thus   partial   deliveries   can   still   be   considered as meeting the 
Customer  Commit  Date  as  long  as  the  metric’s  criteria  is  met  (Supply Chain Council, 2010b). 

Orders may not be delivered to the Customer Commit Date for example because of breakdowns in 
the order fulfillment and shipment process (e.g. Transportation availability) and due to carrier 
delivery performance (Supply Chain Council, 2010b). 

Included metric at level 3: 

 Customer Commit Date Achievement Time Customer Receiving –The order was delivered 
to customer at the original agreed upon date. 

 Delivery Location Accuracy – The order was delivered to the right location. 

% of Order Delivered in Full 
Order delivered in full consists of two level 3 metrics: Delivery Item Accuracy and Delivery 
Quantity Accuracy. If an allocated order is delivered accordingly to the specifications, it will be 
recognized as perfect. Orders canceled by the customer are excluded from the metric. For orders 
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where the customer initiates a change, and when it is also agreed to by the supplier, the change 
supersede the original commitments. Furthermore, the metrics has no timing element, thus orders 
split  by  the  supplier  should  be  considered  “delivered  in  full”  as  long  as  the  metric’s  criteria  is  met.  
When supplying bulk materials, committed quantities refer to a range that is acceptable to the 
customer rather than a strict value (Supply Chain Council, 2010b).  

Included metric at level 3: 

 Delivery Item Accuracy – All items ordered are the items actually provided, and no extra 
items are provided. 

 Delivery Quantity Accuracy – All quantities received by the customer match the order 
quantities (within mutually agreed tolerances). 

Documentation Accuracy 
Documentation accuracy considers how well the administration is handled. An order is considered 
to have perfect documentation when the customer accepts the following: Shipping 
Documentation, Compliance Documentation, Other Required Documentation and Payment 
Documentation. All documentation must be complete, correct, and readily available when and 
how expected by the customer, government and other supply chain regulatory entities (Supply 
Chain Council, 2010b).  

Perfect Condition 
Perfect condition measures if the delivered goods were undamaged, met specification and had the 
correct configuration, faultlessly installed and accepted by the customer and not returned for 
repair or replacement within the warranty period (Supply Chain Council, 2010b). 

Included metric at level 3: 

 Orders Delivered Damage Free Conformance – How many orders were delivered 
damage free. 

 Orders Delivered Defect Free Conformance – Orders delivered with the correct 
specification and correct configuration. 

 % Orders Received Damage Free – Percent of orders delivered damage free. 

 % Faultless Installation – Orders faultlessly installed and accepted by the customer. 

 Warranty & Returns – Orders not returned for repair or replacement (within the warranty 
period). 

Another clarifying example of how the SCOR model works regards the level 2 metric Orders 
Delivered in Full. It consists of two level 3 metrics, Delivery Item Accuracy and Delivery 
Quantity Accuracy. Imagine that 100 orders were shipped where two orders were delivered with 
wrong items and five orders with wrong quantities. The Delivery Item Accuracy would thus be 98 
% and the Delivery Quantity Accuracy would be 95 %. According to the POI, Orders Delivered in 
Full would be 93 % (0,98 * 0,95). This is according to SCOR false. The correct way to look at 
this would be to find the orders when the Items and Quantity are correct. In Table 4:4 the 
correlation between the two level 3 metrics. What it says is that of the total of five orders that 
were wrong, two of the orders had wrong items. The POF is found in the upper left corner (i.e. 
when correct delivery and correct items are 1 at the same time) (Francis, 2010). 
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Table 4:4. Correlation between level 3 metrics in Orders Delivered in Full 
(Source: Francis, 2010 p. 3, modified) 

 Correct Quantity Wrong Quantity Total 

Correct Items 95 3 98% 

Wrong Items 0 2 2% 

Total 95% 5% 100% 

4.6.5 Metrics Roll Ups 
Described in section 4.5 and 4.6.4, the approach to aggregate level 2 and level 3 metrics into one 
unified metric recognized as level 1. If the SCOR theory is not utilized, the same philosophy is 
nevertheless applied to general KPIs. Eckerson (2009) describes a KPI as cascaded if it is built up 
from one or more metrics (see Table 4:5). 

Table 4:5. Types of cascading KPIs  
(Source: Eckerson, 2009) 

Type Description 

Duplicate KPIs Lower-level KPIs are either summed or averaged. Most financial 
metrics are duplicated 

Derived KPIs A derived KPI is rolled up from metrics that measure the same 
activity (e.g. a global company may calculate a metric for sales for 
each country in the local currency). However, when represented to the 
management, the metrics are aggregated to one unified KPI 

Conglomerated 
KPIs 

A conglomerated KPI is aggregated from two or more low-level KPIs 
(e.g.   the  KPI  “sales  expenses”  maybe  decomposed  into  “total  selling  
expenses”  and  “total  administration  expenses”) 

Unique KPIs Some metrics are unique and hence denoted unique 

4.6.6 Developing a KPI Record Sheet 
In order to develop reliable KPIs, several authors stress the importance to use a record sheet. The 
advantages of using record sheets are that employees and management must reflect over the 
defined KPI (e.g. what influence the KPI will have on other measurements, who is responsible for 
KPI and how often the KPI is measured). 

A variety of reports and literature suggests different number of parameters on the record sheet. 
William et al (2007) leaves in their six-step approach to develop KPIs, the parameters on the 
record sheet up to the owner to determine. Presented below is a selection of parameters that could 
be useful when creating a KPI record sheet. 

 KPI name 

 Description 

 Purpose 

 Possible measure 
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 Possible target 

 Method of capture 

 Qualitative or Quantitative data 

 Affected KPIs 

 Frequency 

 Responsible owner  

 Undertaken by 

4.6.7 Disadvantages with KPIs 
The main disadvantage with the most common KPIs is that they only depict quantitative facts, 
meaning   that   “soft”   facts,   such   as   customer   satisfaction,   are   difficult   to   measure   and   thus   are  
neglected. Quantitative data measures activity by counting, adding or average numbers. However, 
qualitative facts are just as important. The most common qualitative KPIs regard customer or 
employee satisfaction through surveys. Whereas the survey data itself is quantitative data, the 
measures are based upon the subjective interpretation  of  the  customer’s  and  employee’s  opinion  
on various matters. A qualitative KPI can give an indication of that something is wrong (e.g. 
performance is dropping, when all other KPIs seem fine) (Eckerson, 2009).  

The possibility to interpret a KPI incorrect is also common. Stadtler and Kilger (2008) describe a 
good example of how this is done. Suppose a company wants to measure worker productivity as:  

𝑃𝑟𝑜𝑑𝑢𝑐𝑡𝑖𝑣𝑖𝑡𝑦   =   𝑅𝑒𝑣𝑒𝑛𝑢𝑒  ($)𝐿𝑎𝑏𝑜𝑟(ℎ)                                                                                                                                                                   (4.6) 

Assume the productivity one month has gone up from $500/h to $600/h, which is a big difference. 
Has the productivity really become that much better in just one month or is it something else that 
could have caused the increase? Naturally, this could have come from a number of things, for 
example, price hikes changes in product mix, higher utilization of resources or decreased 
inventories. As a result, it is fundamental to find the appropriate measures with clear links 
connecting the indicator, the causal model of the underlying process, and named root causes 
(Stadtler and Kilger, 2008).  

4.7 Enterprise Resource Planning Systems 
Every organization has pre-determined goals and objectives. An organizations success depends on 
how well the personnel can work together towards a common goal hence each department of the 
organization has own goals and objectives. Today, rather than seeing the holistic view, each 
department   “optimizes”   its own department and thus disregards form the overall goal for the 
organization. Similarly, even at the employee level, the employee should see the holistic view and 
understand that his or her actions affects other departments in the organization. Until recently, the 
majority of companies worked with unintegrated information systems that only supported the 
activities of individual business function areas. This means that a company could have a 
marketing system and a production system, both entirely separated from each other, and their own 
hardware, software and methods of processing data. This might work well occasionally, but to 
achieve   the   company’s   objectives,   data   must   be   shared   to   other   business   areas   within   the  
company. Additionally, unintegrated information systems result in cost inefficiency (Monk and 
Wagner, 2006).  

In order to resolve the issue with uncoordinated business areas, an Enterprise Resource System 
(ERP)   could   integrate   a   company’s   operations   by   acting   as   “a   company-wide computing 
environment  that  includes  a  database  that  is  shared  by  all  functional  areas”  (Monk and Wagner, 
2006 p. 17). 
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 Murthy (2008) as defines a common understanding of an ERP system  

“Enterprise   Resource   Planning   (ERP)   is   an   integrated   cross   functional  
software that re-engineers manufacturing, distribution, finance, human 
resources and other basic business processes of a company to improve its 
efficiency,  agility  and  profitability”(Murthy, 2008 p. 4) 

ERP tries to integrate all departments and functions across a company into a single computer 
system that can serve all departments simultaneously. Normally, each department has its own 
computer system, which is optimized for the departments own objectives and ways of work. 
Nevertheless, ERP combines all these single computers into a single, integrated software program 
that runs from a common database (Parthasarthy, 2007).  

The main function of ERP is information sharing, along with others in the organization. It spans 
from customer to supplier, and covers all business functions like sales and marketing, human 
resources, production, logistics, accounts and finance etc. (Murthy, 2008). 

Looking at the resulting advantages of an ERP system, one can conclude many direct and indirect 
advantages. Direct advantages regard improved efficiency, information integration for better 
decision-making, and faster response time to customer queries. Indirect advantages regard better 
corporate image, improved customer goodwill and increased customer satisfaction etc. 
(Parthasarthy, 2007). Nonetheless, the core benefits concerning ERP systems according to Monk 
and Wagner (2006) are: 

 ERP allows easier global integration: barriers of currency exchange rates, 
language, and culture can be over bridged automatically, in order so data can be 
integrated across international borders.  

 ERP does not just only integrate people and data, it also eliminates updating and 
repairing many separate computer servers. 

 ERP allows management to control and handle operations, not just monitor 
them. 

Naturally, every system has its shortcomings. Typically, the ERP systems are slow and 
transaction based, and furthermore, non-intelligent based. This in contrary to an Advanced 
Planning System (APS) who can provide modeling and analysis capabilities for intelligent 
decision-making. The ERP system can even become too expensive. The cost of an ERP system 
depends on the size of the ERP (the bigger company, the more complex ERP), new hardware that 
is   capable   of   running   the   complex   ERP   software,   consultants’   and   analysts’   fees,   the   time   for  
implementation and the cost of training personal (Monk and Wagner, 2006). Furthermore, ERP is 
also often seen as too difficult to adapt to certain workflows and business processes of specific 
companies (Parthasarthy, 2007).  
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5 Problem Specification 
In this chapter the background introduction, company presentation, and frame of reference will 
help to pin down the problem further (i.e. specify the problem). Following the introduction, an 
approach to find an adequate metrics for the delivery precision will be presented, alongside a 
number of research questions. 

As stated in the purpose in section 1.2, the thesis shall “determine how the KPI delivery precision 
ought to be measured in  Holmen  Paper’s  supply  chain”.  In order to do this, necessary facts from 

the background information, company presentation and frame of reference were reviewed to get a 

deeper understanding of the problem, and to define a number of research questions (see Figure 
5:1).  

 
Figure 5:1. The method to find the research questions 

5.1 Approach to Determine Reliable Metrics 
In this section, an approach will be presented for distinguishing metrics for the delivery precision 
in a supply chain. A number of research questions in seven different phases will present the most 
vital parts of the approach (see Figure 5:2 on the next page). The research questions will make it 
easier to understand the problem and to identify metrics that may be helpful to satisfy the thesis 
purpose.  
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Figure 5:2. Approach to identify reliable metrics for the delivery precision 

5.1.1 Phase 1 – Problem Specification 
The first phase in the approach is problem specification, in where the purpose will be analyzed 
and further broken down, this in belief that smaller parts will be easier to process. The different 
roles at the O&L will be scrutinized, the order process and information flow in order to 
understand   O&L’s   position   in   the   supply   chain.   The   research   questions   1-3 (listed below) 
constitute a base of what will be investigated in the supply chain.  

1. How is the order- delivery process organized, and what type of information is exchanged 
between different departments within the supply chain? 

2. What different responsibility areas are there for the roles within O&L in the supply chain? 

3. What happens at O&L if a customer is not satisfied with a delivery? 

5.1.2 Phase 2 – Identification of Metrics 
After obtaining a holistic view of the supply chain, one must start the phase of identifying metrics, 
which is necessary to depict the delivery performance of the supply chain. It is important to 
discuss and to understand how the metrics can be utilized and interpreted, and furthermore, what 
logical relationships that can be derived from the metrics.  

4. Where and how many points of measurements of the delivery precision should be in the 
supply chain? 

5. What kind of literature can be used to depict the delivery precision? 

6. What do the identified metrics measure and what information can the result present? 

7. What  kind  of  metrics  does  HP’s  production and logistics planners wish to measure and 
analyze?  

5.1.3 Phase 3 – Assessment 
In phase 3, the identified metrics will be disposed, remade, or saved. The decision is based on 
terms of validity, reliability (see section 2.8), other metrics, and on the answers from research 
questions 5 - 8. In phase 4, the metrics will assessed and evaluated, and a decision of which 
metrics to proceed with must be taken. In addition, the metrics will be compared with other 
metrics, in order to determine if two or more metrics measure the same thing, and in that case, 
decide which one shall further be processed. 
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 Metrics that will be processed further, proceed to point Save. 

 Metrics that have no function, proceed to point Dispose. 

 Metrics that can be useful but do not satisfy the purpose, proceed to point Remake, and re-
enter at phase 3 for further development. 

Criteria in phase 3, for which metrics that shall be remade disposed or saved.  

 Is the metric seen as interesting for the supply chain and the delivery precision? 

 Does more than one metric measure the similar objective? 

After the assessment, additional questions must be answered: 

8. How are the remaining metrics organized (i.e. aggregated)? 

9. How are the metrics calculated? 

10. Can different theories be used to calculate the delivery precision?  

11. How shall the delivery precision be interpreted? 

5.1.4 Phase 4 – Quantitative Data Collection 
Metrics that were saved in Phase 3 are seen as interesting. In phase 4, metrics are connected to 
quantitative data in the system. If the data wanted is not available, one must explore how the 
specific data can be collected, and the likelihood of it being readily collected. 

12. Does HP collect the data needed for the metric and how is that data attained? 

13. Is the data collected seen as reliable?  

5.1.5 Phase 5 – Analysis 
In phase 5, the metrics will be tested by calculating its value. The result will be evaluated to 
see if the metrics depict a reliable result or not. This is also done by comparing the value of 
the metrics to customer surveys to see if they fairly match. Finally, the metrics shall be 
aggregated  to  one  KPI,  which  should  be  presented  as  HP’s  delivery  precision 

14. Is the value of the calculated metrics seen as reliable or not?  

15. What type of information can the metric present about  HP’s  delivery  precision? 

16. How can the metrics be managed to control the system?  

17. How   is  HP’s   delivery   service   perceived   today?   Is   there   a   customer   satisfaction   survey  
available?  

5.1.6 Phase 6 – HP’s Delivery Precision 
In the final phase, the delivery precision shall be presented and illustrated. However, if it is 
determined that the delivery precision could not be calculated, a number of improvement 
proposals shall be presented, in order to simplify the calculation of the delivery precision.  

18. Is the KPI ready to be used today, or what needs to be measured to create a reliable 
representation of the delivery precision? 

5.2 Discussion of the Approach 
The approach created for this thesis was modified from Franceschini et al (2007). This approach 
(see Figure 5:3) is created for the purpose to find key measurements in a system by finding the 
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most critical activities and then find the most valuable indicators. The model is also intended to 
update the KPIs over time to suit the organization in case of a strategy or supply chain structure 
change.  

 
Figure 5:3. The process improvement process 
(Source: Franceschini et al, 2007) 

As stated above, the thesis metric-approach (depicted   in   the   chapter’s introduction) is a 
modification from Figure 5:3. However, it is not a replica. In the thesis, metrics need to be found 
before they can be analyzed, implemented, and organized in a system of measurements. 
Furthermore, the model in the thesis is different from Franceschini’s  in the way that it is not made 
to update the metrics over time. 
The authors believe that the approach has its strength in not having one specific literature 
reference, but several to find reliable metrics suitable for the system (e.g. SCOR and POI). This 
allows the authors to use different theories when designing metrics. The drawback of the 
approach is that it is a boundless method, and the authors must set boundaries to know when the 
different segments shall be seen as finished. The boundaries are believed to be obvious after 
answering the research questions that will work as a support to the approach. Additionally, the 
authors will also have to set points in time to evaluate if the metrics that have been found, and at 
that point in time, can constitute a good enough representation of the delivery precision in the 
supply chain. If adequate metrics cannot be found within the time set for the project, or if metrics 
cannot be found due to the supply chain has a too complex structure, the thesis will result in an 
outcome without a measured delivery precision.  
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6 The Order- Delivery Process 

In this chapter, the order- delivery process is described in detail. The process is split into two 
sections, one illustrating the process from order entry to order allocation, and the second part 
illustrates the physical and information flow of the goods in the delivery process. The information 
in this chapter was solely acquired through semi-structured interviews (see section 2.7.2 ) with HP 
employees and open, not- participating observations (see section 2.7.3). This chapter constitutes 
the start of phase 1, see Figure 5:1.  

6.1 The Order Allocation Process 
HP has, as described in section 3.2.4, a number of SOs around Europe. At the SOs, two different 
sales functions are recognized, salesperson and inside salesperson. The salesperson is responsible 
to  maintain,  find  and  contract  new  customers.  As  the  contract  is  signed,  the  inside  salesperson’s  
work begins. The inside salesperson is responsible for order reception and order allocation on 
behalf of the customer. Moreover, the salesperson has the utmost responsibility for the customer, 
and therefore stays in continuous and close contact (Löfvenborg and Hasselgren, 2011).  

In  order  to  be  able  to  allocate  orders,  the  HP’s  sales  and  marketing workflow must be understood 
(see Figure 6:1). Every year, HP writes a new business plan, which considers the next three years. 
In  the  business  plan  HP’s   long-term strategy is featured (i.e. “this  is  what  we  want  to  achieve”) 
and its focus is primarily on profitability. Moreover, HP makes use of a yearly sales plan that is 
managed by CM.  One  might  even  say  that  this  is  some  kind  of  “contract”  between  CM  and SO. 
The three mills provide CM with information regarding available production capacity as well as 
the SOs provide information regarding sales forecast for the year. By means of the information 
provided, CM can create a yearly sales plan and with this HP can obtain a holistic view of what 
every SO possibly will sell without exceeding the production capacity. It could further be 
described as CM guarantees a certain production capacity as well as SO commits to deliver and 
invoice the same volume. Outmost the yearly sales plan corresponds to the long-term strategy 
outlined in the business plan.  

 
Figure 6:1. HP’s  sales and marketing workflow  
(Source: Holmen Paper, 2012 p. 17) 

For the inside salespersons to allocate the right amount of orders in CUPS, HP utilizes demand- 
supply planning. Therefore, the yearly sales plan is more or less split in twelve equal parts 
illustrating the months of one year. The forecast is updated by the SO six to eight weeks ahead of 
production in the end of each month. This is done by the inside salesperson who partly uses 
information regarding confirmed orders, but even relies on information from the salesperson of 
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orders that might come, yet are not confirmed. The monthly sales forecast is sent to CM, who 
manages  all  of  the  SOs’  sales  forecasts.  CM  provides  each  SO  with  a  ratio  of  what  each  SO  can  
sell of each product for the following month. When the SO has received how much they may sell 
the next month, they may begin placing orders in CUPS for the weeks where they have been 
given capacity. As the order has been entered in CUPS, CM allocates the orders into the most 
suitable production block when it is confirmed that there is capacity, as well as a transport. In 
situations when the ratio given to the SO is not exceeded during a certain time, CM may 
redistribute this to another SO that is in need of the leftover ratio (Croezen, Inside Sales Manager, 
2012). The production blocks are planned in the best possible way in order to minimize waste and 
meet   the   customer’s   demand   of   flexibility.   As   the   orders   have   been   allocated   in   CUPS,   mill  
planners optimize the production (i.e. try to utilize as much possible paper from one paper 
tambour as possible). Internally this is termed trimming.  

The whole order allocation process can be seen below (see Figure 6:2). It stretches from the SOs, 
through CM, to the mills. As seen in the figure, some words are of italic style. This indicates the 
responsible party for the actual activity. Looking at the Sales Office (to the left) the second “box”, 
“auto  allocation”,  the  responsible for  this  activity  is  the  software  CUPS.  This  is  HP’s  Enterprise  
Resource Planning system (further information regarding ERP-systems see section 4.7). CUPS is 
HP specific, and hence are developed exclusively for HP. It considers the whole supply chain, 
from registering new customers to billing customers for delivered products (Moback, Business 
Process Manager, 2012). 

 
Figure 6:2. Order inquiry to order allocation 
(Source: Holmen Paper, 2012 p. 26, modified) 

According to the signed contract by the salesperson, a forecast can be made of how much a 
customer requests (e.g. if it is stated in a one year contract that 1200 tons ought to be delivered 
during a whole year, then the forecast could be to deliver 100 tons per month). In practice, the 
inside salesperson creates new orders based upon the contract and of what is foreseen by the 
customer. However, the customer can by itself decide when to order new goods too. This kind of 
contract is termed Delivery on Demand (DOD). 
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Customers, that order larger quantities, for example, daily press products, the inside salesperson 
regularly  monitors   the   customer’s   inventory.   HP   holds   the   customer’s   inventory   at   a   terminal,  
thus HP owns the paper until the customer receives it. One could also say that this is some kind of 
VMI  (Vendor  Managed  Inventory)  cooperation,  in  where  HP  manages  the  customer’s  inventory 
(Croezen, Inside Sales Manager, 2012).  

Since  HP’s  production  is  based  on  an  MTO  system  (see  section  4.3.2), the order entry begins first 
after an order is received. It is followed by that the inside salesperson enters the order data into 
CUPS (occasionally the inside salesperson allocates an order based on anticipation). The order 
data are of today usually received via telephone, fax machine or e-mail. Ideally would be to 
receive the orders electronically (Dannetun, Supply Chain Integration Manager, 2012). After the 
order has been entered, it can either be automatically allocated (see section 6.1.1) for production 
or manually allocated, with the help of production and logistics planners at O&L. If the order is 
automatically allocated, the order is placed in a planned production block, which means that no 
manual handling has to be done as CUPS already have planned production and transport. The 
orders, which must be handled manually, pass through O&L. The reason for that an order may not 
be automatically allocated depends on a number of logical constrains which are integrated in 
CUPS (see Figure 6:3) (Löfvenborg and Hasselgren, 2011). 

 
Figure 6:3. Reasons for why an order may not have been automatically allocated  
(Source: Screen capture form CUPS) 

As seen in Figure 6:3, there are 15 logical constraints that regulate orders. A good example 
regards to error-code 1 and 2, Transportation not found and FC (forecast capacity) not found. The 
first  error  code  depends  on  HP’s  logistical capacity as error code 2 depends  on  HP’s  production  
capacity. One could say that HP utilizes two different systems for interception of orders, one for 
logistical problems and one for production problems. If either one of the two systems has 
intercepted an order, the order is relayed to O&L.  

The first contact between SO and O&L is with the production planners. Their task is to find 
available capacity in production, so that the order can be allocated and be able to meet the 
predetermined delivery dates (I-CDD, CDD & ATD). Occasionally, the production planners also 
need to call the SO and make an agreement of postponing other orders consecutively, to find 
available capacity in the production (Hövre, Production Planner, 2012). Furthermore, if the order 
is for the overseas market (i.e. outside of Europe), the production planner also plans its transport. 
However, if the order is within Europe, the production planner hands over the order (after 
allocating it in production) to the logistics planners. From time to time, the logistic planners assist 



6 - The Order- Delivery Process 

| 45 |  
 

the production planner with the transport planning for the overseas market (Vilander, Logistics 
Planner, 2012a).  

HP’s   intention   is   to   lock   the   production block a week from within the start of the production 
block. Before this, the SOs must release the order, meaning that the SO confirms that the order 
shall be produced, which implies that no additional changes to the order can be made by the SO. 
However, at times, the production block is locked the day just before production (Hövre, 
Production Planner, 2012). The production block is locked because of the production planners at 
the mills (hereby and forward referred to as mill planners), as they should have time to optimize 
(trim) the production (see Figure 6:1) to reduce waste as much as possible. Sporadically, it occurs 
that the mill planners have the possibility to reduce the waste, if some orders are postponed and 
some are produced in advance. In these circumstances, the mill planner contacts the production 
planner at O&L to provide notification about the problem. If no suitable order is found, the 
international SO is contacted, and questioned to determine if they have a customer overseas that is 
interested in a left-over paper reel (Löfvenborg and Hasselgren, 2011).  

As illustrated in the lower part of Figure 6:2, deviation handling at O&L, at times, orders may not 
fulfill their agreed upon delivery date. Even before the orders arrive to the mill, they are late in 
relation to the planned Exmill date. This could be the cause of the reduced performance level of a 
paper machine. The production planner then must reallocate all orders, and put them in a new 
production block. A number of orders will therefore be late to the customer. To make a decision, 
which orders that should be delivered on time to customer, the production planner must contact 
the SO, which in turn must contact the customer to see if they can wait for their order. Thereafter, 
a new production block can be created (Löfvenborg and Hasselgren, 2011). 

The selection of which customer to prioritize in a tight booking situation is mainly dependent on 
whether the customer is a key or partner customer. HP has a segmentation of which customers to 
choose when it comes down to picking one customer of two. However, HP does not look at 
revenue when they segment customers. HP prioritize customer service, as this in the long run will 
generate revenue (Croezen, Inside Sales Manager, 2012).  

After the order has been allocated, a logistics planner must book a transport from the mill to the 
customer (if the order is within Europe). The logistics planner only handles the orders that have 
not been automatically allocated in CUPS, thus unbooked transports. There are two possible 
transports that can be booked, either directly to customer or transshipped through a terminal. 
CUPS   recognize   these   types   as   “customer”   or   “transfer”   orders   (Knuuttila, Logistics Planner, 
2012). 

A transport can be booked with a train, vessel or lorry. When a lorry is utilized, there must always 
be a manual booking. As of today, when the logistics planner books a transport (e.g. with vessel 
and train), there is a confirmation of the booking. However, when a lorry is booked, the 
transportation firm rarely confirms it and therefore uncertainties arise regarding the receipt of the 
booking. The choice of which transportation the logistics planners book, depends on what 
transportation alternative the inside salesperson has specified in the order. The inside salesperson 
has predetermined transportation alternatives for each market, which are decided by the logistics 
managers at HP (e.g. deliveries to Poland is always performed with a lorry) (Vilander, Logistics 
Planner, 2012a).  

In order to book a transport, the logistics planner must determine a date when the goods should be 
picked up at the mill. The date, which the logistics planner looks at, is termed block end. This 
point is when the goods are planned to be finish produced at the mill. Exmill date, which is totally 
independent from block end, indicates when the goods must leave the paper mill at the latest, in 

order to be able to reach the ATD and I-CDD in time (mentioned in chapter 1). However, 
company policy is to plan transports according to the calculated Exmill date. All automatically 
booked transports are based on Exmill date (Knuuttila, Logistics Planner, 2012). Block end is 
preferable to use, as it reduces cost of capital, as the produced goods often are inventory at the 
mills awaiting Exmill date and further transportation. Still, utilizing the block end has its 
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drawbacks. Commonly problems occur, when a transport has been planned to pick up goods two 
days before the actual Exmill date. On the day when the transport ought to be performed and the 
transporter is ready to pick up ordered goods, the mill notifies the logistics planner of a 
production stop the day before, and consequently, the goods are not finished. Instead of leaving 
without the ordered goods, and the possibility of a lowered delivery service reputation, the 
transporter is occasionally ordered to await the forthcoming goods. At most, HP can order the 
transporter to wait four hours (Rosen, Discharge Planner, 2012). Naturally, this leads to increased 
costs, but all the goods will be delivered to the customer and thus be a correct delivery (Vilander, 
Logistics Planner, 2012a).  

6.1.1 Estimating Reliable Delivery Dates in CUPS 
The automatic allocation of an order in CUPS depends on the Exmill date. This is the date when 
the goods must leave the paper mill at the latest, in order to be able to reach the agreed upon CDD 

in time, which is by far the most important task. To reach designated customer in time, HP uses 

various acronyms for internal delivery dates and lead-times. Described below are the most 

important acronyms that are set by the inside salesperson, logistics planner and buying customer.  

CDD – Customer Delivery Date 
CDD is used for goods that are of type  “customer” (i.e. orders that are delivered directly without 

transshipment through a terminal). The date entered as CDD, is the date when the goods should be 

at predetermined delivery address. The CDD is determined by the customer, in dialogue with HP 

(Vilander, Logistics Planner, 2012a). 

ATD – Available at Terminal Date  
The ATD is used for products  that  are  of  type  “transfer”  (i.e. transshipment through a terminal). 

The  term  “available”, means that the products should be ready to load onto the next transport unit 

(i.e. when the products should be ready for loading a Call Off
1
). To clarify, the ATD is not when, 

for example, a vessel reaches the Point of Destination (POD) but when the vessel is fully 

discharged. Normally, this is the day after a vessel arrived at POD. The ATD is determined by the 

inside salesperson. 

I-CDD – Indicated Customer Delivery Date 
As   soon   as   the   delivery   is   of   type   “transfer”, an I-CDD can be entered in CUPS. The I-CDD 

indicates if the customer has wished for a delivery date to the predetermined destination. Thus, 

the customer determines the I-CDD.  

ETD - Estimated Time of Departure  
An ETD indicates when the goods are scheduled to leave the mill. The logistics planner sets the 

ETD along with the transport booking (Vilander, Logistics Planner, 2012a).  

 
Figure 6:4. Depicts the critical dates to fulfill when supplying customers 

                                                      

1 Call Off is issued by the SO and implies that further transport from the terminal to end customer has been planned 
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The above and in Figure 6:4 presented dates, are of great importance to fulfill, as they constitute 

how HP will be interpreted as a supplier. The black line indicates the planned date and the dashed 

if the transport shall depart or arrive on that particular date. The lead-time can be interpreted in 

two ways, the dashed line is the actual lead-time and the solid is the planned. Furthermore, 

farthest to the left, a print screen of how the production are illustrated in CUPS. 

While determining the ATD, two ways of reasoning can be used: 

1. If an I-CDD is indicated, the inside salesperson determines the ATD as ATD ≤ I-CDD – 
distribution lead-time from terminal. 

2. An ATD could also be determined to match the arrival of a certain transport. The ATD 

should then be calculated as ATD = Transport ETA (Estimated Time of Arrival) + x-days 
(x-days usually is represented as Stock Delay, further described below) 

CUPS has different lead-times, depending on which market the product will be shipped to. The 

most important lead-times (in days) that constitute the Exmill calculation are:  

Domestic 
The time it takes to move paper from the mill to another Port of Loading (POL). For example a 

container port when orders are loaded in containers at mill (Holmen, 2011b).  

Freight 
Time from ETD  to  ETA  of  a  “main  transport”,  for example, a train or vessel going from the mill 

to a terminal (Holmen, 2011b). 

Distribution 
Vehicle lead-time from terminal to the final destination (Holmen, 2011b). 

Stock Delay 
Stock  delay  is  added  “delay” for orders going through a terminal. Often set to one day because of 

the fact that orders cannot be loaded on a vehicle for distribution on the same day that the main 

transport arrives to the terminal due to the time it takes to discharge a transport (Holmen, 2011b). 

Other Delay 
This can be used for any other delay for a specific destination. For example, it is currently used as 

an   “Internal   lead-time   at   mill”   for   all   rail   transports   from   Hallsta paper mill, due to wagons 

leaving the mill the day after they have been loaded (Holmen, 2011b).  

As for the Exmill date, which is the last step in determining important dates for an order, it could 
be estimated in two ways 

1. Manually booked. It is calculated as Exmill = CDD – Total Lead-time (Domestic + 
Freight + Distribution + Stock Delay + Other Delay)  

2. Automatically booked. To be automatically planned, a number of constrains have to be 
fulfilled before being allocated to a suitable transport (transport schedules are available in 
CUPS) 

I. ATD  ≥  Transport  ETA  +  Stock  delay 

II. Transport  ETD  ≥  Today’s  date 

III. There must be enough free transport capacity 

IV. Transport mode, POL and POD, must be the same as in the order 

If all conditions are met,   the   Exmill   is   set   to   “ETD of transport – Domestic – Other   delay”.  
Exmill  dates  on  holidays  are  allowed  for  transport  mode  “sea”  but  not  for  “rail.” 
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6.2 The Delivery Process 
In order to understand the delivery process, one must first understand how an order is handled by 
CUPS in the supply chain. When an Order has received a specific Order Number (ON), the 
transport is planned. The transport is allocated a specific Transport Number (TN). An order 
number might require more than one transport (i.e. an order can be split into several transport but 
utilize the same transport number). To identify one specific transport within the same transport 
number, each transport is given a Delivery Note (DN) (Vilander, Logistics Planner, 2012a).  

An example, to clarify the above stated facts, is order number 596023. The order is, all in all, of 
70 tons, and concerns one specific product. To transport the entities to the customer, it has been 
planned that 50 tons should be transported with transport number 496894, and 20 tons with 
transport number 497308. The order has been split into two separate transport numbers due to the 
fact that the customer wants two different delivery dates, and CUPS cannot handle several 
delivery dates for one transport number. Moreover, the transport number, which had 50 tons 
planned, must utilize two different transports. This due to that one lorry cannot normally handle 
more than 28 tons (how much exactly a lorry may transport depends on which market it serves). 
Therefore, the transport number will use two different DNs, 5000144672 and 5000144707, to 
distinguish the transports from each other. The other transport number will only have one DN, 
5000144833, since the 20 tons could be transported with just one transport (see Figure 6:5). It 
would, of course, be an improvement if each order number could have one transport number with 
the possibility to define several delivery dates, hence reducing the number of transport numbers. 
This creates a better overview and the possibility of reduced number of errors, which occur today 
as a result all the numbers utilized in CUPS (Vilander, Logistics Planner, 2012a). 

 
Figure 6:5. From order number, through transport number to delivery note 

6.2.1 Delivery Process – Type  “Transfer” 
The  delivery  process  at  HP  is  illustrated  in  two  different  figures,  type  “transfer”  (see  Figure 6:6) 
and  type  “customer”  (see  Figure 6:7). 

As the goods have been produced and planned, the goods await further transportation at the 
inventory holding area at the mills. HP has the possibility to utilize three different transportation 
modes, with the exception from the mill in Spain, that only utilizes lorries. The procedure of 
loading the goods on the various transportation alternatives is slightly different, see below. 

Vessel 
The vessels, which HP utilizes, are on a strict rotation schedule and therefore are all transports, 
more or less, booked with vessel automatically allocated by CUPS. Nonetheless, orders could 
even be handled manually when required.  

In order to load a vessel, a loading order is sent to the personnel who is working at the discharge 
area. The loading order holds what is intended to be loaded, and therefore contains the order 
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numbers, which should be loaded, for the specific vessel. As soon as the goods have been loaded 
onto the designated vessel, a loading specification is created containing what actually has been 
loaded (i.e. loading order and loading specification are not always equivalent). Following the 
loading specification is a loading report. This document is the same as the loading specification 
with the difference that the loading report is sent to the POD. This is done so that the receiving 
terminal can do a check of what ought to be delivered and what was actually delivered (Vilander, 
Logistics Planner,2012a). 

Train 
All orders departing with trains are either automatically booked via CUPS or handled manually. 
An advantage with train bookings is that an Electronic Data Interchange (EDI) message is 
received at O&L confirming the booking.  

When the goods depart with train, they are either sent from the mills (Hallsta or Braviken) 
directly with a train to a terminal, or they are at first transported with a lorry to a nearby train 
terminal and from there further transported to the continent (i.e. intermodal transports). A benefit 
when utilizing intermodal transports is the possibility to load more goods onto a lorry than usually 
allowed. In a radius of 150 km from the terminal, it is permitted to load roughly around 3 tons 
more than the original max weight.  

Lorry 
The transport number created in CUPS is relayed to the transportation company, and thus the 
lorry-driver, who has received this number before he drives to the mill. Once at the mill, he 
informs the discharge office of his presence, and notifies the transport number he has been 
ordered to transport. Thereafter, he is referred to a specific docking gate. During the time, he 
drives to docking gate, a loading order is sent to the personnel who is working at the discharge 
area. The loading order holds what is intended to be loaded, and therefore, contains the order 
numbers for the specific transport. As soon as the goods have been loaded onto designated lorry, a 
loading specification is created. The lorry-driver acknowledges that he has received the goods and 
drives away. Following the departure of the lorry, a confirmation of a successful loading and 
departure  is  sent  to  the  discharge  office,  which  in  turn,  “closes”  the  order.  A  loading  report,  which  
is used when a vessel is utilized, is not used with lorries (Vilander, Logistics Planner, 2012a).  
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Figure 6:6.  The  delivery  process  for  delivery  type  “transfer” 
A short while after the transport has left the mill, a DN is relayed to CM (see Figure 6:6). The DN 
is created by the discharge office at the mill when   “closing”   an   order. It contains information 
concerning the specific loading date, and since the loading date and departure date are the same, 
one can determine if the transport departed on the correct date. Even though the message is not 
sent directly after the departure, it will nevertheless indicate if the transport departed on the 
predetermined ETD date and if the Exmill date was fulfilled.  

During the transport to the terminal, the SO does an Accept to Terminal (ATT). This means that 
the goods are recognized in CUPS as physically present in the terminal, even though the goods 
are still en route to the terminal.  This   causes  HP’s   inventory   to   be   inaccurate   and   at   the   same  
moment the time stamp, (i.e. when CUPS recognize the goods physically at the terminal). Further, 
the SO must do an ATT before the goods physically are at the terminal due to how CUPS is 
constructed. An ATT is done in order to create a Call Off for the further transportation of the gods 
from the terminal. The SO books the transport from the terminal, thus there is no involvement of 
O&L.  

As soon as the goods arrive at the terminal, it can be determined if the goods meet the ATD or 
not. In the future, HP whishes to have an automatic scanning of the goods as soon as they arrive 
to the terminal, so a direct measurement of the planned ATD and the perceived ATD can be 
made. Once the goods are unloaded, the terminal workers identify which reels that have been 
received and they compare this against the loading report, which specifies how much goods 
should have been delivered. A discharge report, containing the time of arrival and deviation of 
goods, is relayed to CM and the SO. In almost all terminals, a discharge report is sent 
electronically. In the terminals where this is not possible, the SO manually handles this in CUPS 
(Dannetun, Supply Chain Integration Manager, 2012). 
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In those cases where goods are damaged during transport, two things can occur, either the goods 
are repaired and fully restored or they are sold to a scrap dealer. If the latter occur, either a new 
paper reel (the same one as ordered) is taken from the inventory at the terminal or a new one is 
produced at the mill to satisfy the original customer order. Naturally, when a product is missing, 
the same sequence will occur. Moreover, if a paper reel has been damaged, some paper of the 
wrapping of the reel must be removed in order to fully restore as salable. The paper that was 
removed is weighted and deducted from the original price (Andersson, Logistics Project Manager, 
2012).  

As the delivery from terminal to customer is delayed (normally one day), the goods are 
inventoried as they await further transport. 

A Call Off message, which indicates when and too whom the goods should be delivered, is issued 
by the customer with telephone, mail or fax machine to the SO. The SO creates a Call Off in 
CUPS and relays this to transporter and terminal, so they can prepare the goods for unloading as 
well as to the customer so they can expect the goods for reception (Dannetun, Supply Chain 
Integration Manager, 2012). 

The transporter acknowledges the Call Off, and drives to the terminal on the pre-determined date. 
The goods are loaded onto the vehicle and transported to the customer. Immediately after the 
goods have been loaded, DN is sent from the terminal system to CUPS, and thereafter the 
inventory at the terminal is updated. Next, the customer is billed for the delivered goods, and HP 
pays the transporter. When purchasing paper from HP, the transportation is included in the price. 
HP utilizes self-billing and thus pays the transporter without receiving an invoice (Dannetun, 
Supply Chain Integration Manager, 2012).  

When the goods have arrived to the customer, it can be determined if the CDD has been meet. An 
error control is performed, and if anything is missing or damaged, the customer contacts the SO, 
which in turn notifies the terminal and the transporter that an order has not been completed as 
intended. The SO manages the problem, as they contact the transporter and the terminal to find 
out what has happened (e.g. damaged goods, poor quality or incorrect quantity delivered). Then, 
the SO creates a claim number in CUPS containing information regarding the faulty delivery. 

6.2.2 Delivery Process – Type  “Customer” 
As described in section 6.1, the  order  type  “customer”  is  delivered  direct  to  the  customer  without  
the transshipment in a terminal (see Figure 6:7).  

The only transportation alternative utilized when delivering direct to customer is by lorry. As the 
lorry has been loaded according to the loading order, the quantity might not be what was specified 
in the order (e.g. paper reels were damaged and unable to transport). Information regarding this is 
found in the loading specification. Sometimes, not always, the loading specification is sent to the 
customer. This all depends on what is stated in the signed contract.  

A short time after the transport has left the mill, a DN is created that is relayed to CM. Even 
though this message is not sent directly after the departure, it will, nevertheless, indicate if the 
transport departed on the predetermined ETD date and if the Exmill date was fulfilled.  

The deviation handling at customer is the same  as  for  order  type  “transfer”  with  the  exception  that  
the SO contacts CM if an order is not completed as intended. CM manages the problem, as they 
contact the transporter and the mill to find out what has occurred (e.g. damaged goods, poor 
quality or incorrect quantity delivered). Still, the SO creates the claim in CUPS containing 
information regarding the faulty delivery. 
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Figure 6:7.  The  delivery  process  for  delivery  type  “customer” 
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7 Identification of Potential Metrics 

In this chapter, the  supply  chain’s  potential  points  of  measurement  and  metrics  are  identified. In 
order  to  perform  reliable  calculations  of  HP’s  delivery  precision,  the  literature  survey  in  chapter  4  
was analyzed. Potential metrics were then identified, based upon theories and personal 
conclusions. It was assumed that the data required for a metric could be provided (i.e. a best case 
scenario). This chapter constitutes the start of phase 2, see Figure 5:1.  

7.1 Potential Points of Measurement  
Alongside analyzing the literature survey from chapter 4, four points of measurement were 
recognized by the authors as interesting for possible metrics. Identified points of measurement 
were Departure from Mill, Arrival at Terminal, Departure from Terminal and Arrival at 
Customer (see Figure 7:1). In the figure below, which is originally based upon Figure 1:1, the 
four   stars   illustrate   the   potential   points   of   measurement.   The   delivery   types   ”customer”   and  
“transfer”  are  both  illustrated  in  the  figure,  though  the  latter  type  is without measurements at the 
terminal.  

 
Figure 7:1.  In  HP’s  supply  chain  four  points  were chosen for possible measurement 
For the arrival activities (Arrival at Terminal and Arrival at Customer),  the  SCOR  model’s way to 
measure perfect order fulfillment was seen as most adaptable. As for the departure activities 
(Departure from Mill and Departure from Terminal),   literature   from   the   seven  R’s   of   logistics 
were  seen  as  the  most  accurate  to  adapt  for  the  actual  activities.  Naturally,  the  POI’s  perfect  order  
measurement could have been utilized, as it measures damage and quantity in the departure phase. 
However, as the theory states that in the final stage, the metrics should be multiplied, the authors 
chose to go ahead primarily with the theory of how SCOR recognized delivery precision. The 
SCOR theory demands that all four key components of an order shall be perfect in order for the 
whole   order   to   be   perfect.  As   this   approach  was   in   line  with   the   authors’,   the  POI   theory  was  
therefore neglected.  

In all four points of measurement, customizations and estimations had to be done in order to 
create and obtain a trustworthy result according to the current function of the supply chain. The 
authors saw that the closer to the customer (i.e. being able to measure the stars closest to the 
customer in Figure 1:1) the delivery precision could be measured, the better and more accurate 
result. 

7.1.1 Potential Metrics 
As stated in section 4.6, a company could utilize two performance indicators, metrics or KPIs. 
The difference between them is that metrics refer to measurements of business activity and KPIs 
embodies a strategic objective and measures performance against predetermined goals. The 
delivery precision, or as it is termed in theory, Perfect Order Fulfillment or alternately, Perfect 
Order Index, is a defined KPI. 
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Eckerson (2009 p. 18), states that creating effective KPIs is “as  much  art  as  science” and thus, 
metrics are hard to create since a KPI is aggregated from one or more metrics. Eckerson further 
suggests that KPIs are best identified during brainstorming sessions. Regarding the thesis 
progress, a number of metrics were initially identified with the literature as a baseline. Further 
approaches were used as well. The complete lists of approaches utilized when identifying metrics 
in the supply chain are below. 

 Literature served as a baseline when identifying metrics 

 Brainstormed metrics (with the origins in literature) 

 Discussed possible metrics and their location in the supply chain 

 Reviewed the utilized metrics and KPIs at HP today  

 Input  from  HP’s  management 

7.1.2 Adapting the SCOR Theory 
Perfect Order Fulfillment in SCOR (see section 4.6.4) is a defined KPI that measures the delivery 
precision at a receiving customer. However, in this thesis, the SCOR theory will also be used to 
analyze goods that are delivered to a HP terminal, thus received by HP and hence having no 
involvement of a customer. An advantage of analyzing the delivery precision at a terminal is that 
HP’s   customers   do   not   have   to   provide any data, and perhaps the most important, they do not 
perceive delivery precision until the actual delivery. For instance, no matter how good or bad the 
actual delivery precision would be at a terminal, the customer would not recognize it until the 
point of the delivery. Consider the example below (see Figure 7:2).  

 
Figure 7:2. Example of a delivery precision in a supply chain 
Imagine that a measurement of the delivery precision has been done for the HP supply chain. 
Assume that the figure above represents this. According to Lumsden (2006 p. 264), even though 
the delivery precision at the mills and terminals were calculated to 60%, the customer perceives a 
delivery precision of 80%, since the customer is the last participant in the supply chain. Creating 
measurement points in the supply chain helps to support decision-making regarding where and 
when resources should be added, in order to improve the overall delivery precision.  

The SCOR model has its primary benefits in that it is a standardized and defined model, which 
today is utilized by several well-known companies around the world. It is therefore possible that 
in the future, HP will evaluate their complete supply chain according to this theory, and 
furthermore, that key business partners of HP understand how the delivery precision is calculated 
without having been involved. 

Table 4:3 in section 4.6.4, presents the complete SCOR KPI Perfect Order Fulfillment. Since 
then,   the  KPI’s  metrics have been analyzed and a number of metrics have been rejected. The 
metrics at level 3 in Documentation were completely rejected because HP’s  management  did  not  
find these interesting. The level 3 metrics Faultless Installations, % Orders Received Damage 
Free and Warranty & Returns at the level 2 metric Perfect Condition were all rejected in 
conversation   with   HP’s  management as well (due to lack of interest). In addition, the level 2 
metric Delivery Location Accuracy and the level 3 metric Delivery Performance to Customer 
Commit Date were also rejected, as it was seen as unnecessary. It was assumed by the authors that 
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the location accuracy was 100%. The metrics that constitute the Perfect Order Fulfillment after 
modification are presented in Table 7:1.  

Table 7:1. The SCOR KPI Perfect Order Fulfillment after modification  

(Source: Supply Chain Council, 2010b, modified) 

Level 1  Perfect Order Fulfillment 

Level 2   Delivery Performance to Customer Commit Date 

   % of Orders Delivered in Full 

   Perfect Condition 

Level 3 Customer Commit Date Achievement Time Customer Receiving  

 Delivery Item Accuracy 

 Delivery Quantity Accuracy  

 Orders Delivered Damage Free Conformance  
 Orders Delivered Defect Free Conformance 

7.1.3 Adapting  the  Seven  R’s  of  Logistics 
The  seven  R’s  of  logistics  (see section 4.3) means to have the right product, in the right quantity 
and the right condition, at the right place, at the right time, for the right customer, at the right 
price. The   delivery   precision   for   a   company   can   be  measured   by   how   often   the   seven  R’s   are  
“hit”.   The definition of each   of   the   seven   R’s, depends upon the company in question. The 
measurement of the right time could constitute one or two metrics; this all depends on the demand 
and accuracy sought by the company. As for the identified metrics for HP, not every attribute of 
the   seven   R’s   was   utilized, for example, the right place and right price were dismissed. The 
attributes were rejected because it was assumed that the right customer received the correct order, 
and the price was never discussed to constitute a part of the thesis, and therefore, it was ignored.  

The  seven  R’s  of  logistics  were  adapted  to  the  departure  activities  of  the  supply  chain, mainly due 
to fact that the SCOR model was utilized when evaluating the delivery to a receiving customer.  
The departure type needed to be customized to fit the activities that occurred there, hence making 
the SCOR model unsuitable.  

The metrics that were identified for the departure activities are seen below. 

 Production Date in Relation to Planned Departure Date 

 Departure Date in Relation to Planned Departure Date 

 Quantity Loaded in Relation to Booked (QT)  

 Correct Number of Reels Loaded in Relation to Booked 

 Correct Reels Loaded in Relation to Booked 

7.1.4 Potential Metrics – Type  “Customer”  
Customer orders (see section 6.2.2) (i.e. orders that are transported directly from mill to 
customer) have two points (Departure from Mill and Arrival at Customer) where the delivery 
precision could be measured. The order type is further characterized by delivery via lorry.  

In Table 7:2 on the next page, the possible metrics for  type  “customer”  are  summarized.  Depicted  
to the left is the point of measurement, and to the right, the metrics that ought to be measured. 
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Table 7:2. Identified metrics at  the  delivery  type  “customer” 

Point of measurement Metric 

Departure from Mill  

 

Production Date in Relation to Planned Departure Date 

Departure Date in Relation to Planned Departure Date 

Quantity Loaded in Relation to Booked  

Correct Number of Reels Loaded in Relation to Booked 

Correct Reels Loaded in Relation to Booked 

Arrival at Customer  Customer Commit Date Achievement Time Customer 
Receiving 

Delivery Item Accuracy 

Delivery Quantity Accuracy 

Orders Delivered Damage Free Conformance 

Orders Delivered Defect Free Conformance 

7.1.5 Potential Metrics – Type  “Transfer”  
Transfer orders (see section 6.2.1) have four points of measurement. HP controls the data by three 
of them (Departure from Mill, Arrival at Terminal and Departure from Terminal). At the fourth 
point (Arrival at Customer); HP cannot control the exchange of information since the customer 
controls it. Transfer orders are often characterized by using one transport mode between the mill 
and terminal and usually lorry between the terminal and customer. 

Table 7:3. Identified metrics at the  delivery  type  “transfer” 

Point of measurement Metric 

Departure from Mill/ 
Terminal  

 

Production Date in Relation to Planned Departure Date 

Departure Date in Relation to Planned Departure Date 

Quantity Loaded in Relation to Booked  

Correct Number of Reels Loaded in Relation to Booked 

Correct Reels Loaded in Relation to Booked 

Arrival at Terminal/ 
Customer  

Customer Commit Date Achievement Time Customer 
Receiving 

Delivery Item Accuracy 

Delivery Quantity Accuracy 

Orders Delivered Damage Free Conformance 

Orders Delivered Defect Free Conformance 
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7.2 Description of Metrics at Departure Activities 
Production Date in Relation to Planned Departure Date  
This metric measures if the order was produced before or on the planned departure date. 

𝐼𝑓  𝑡ℎ𝑒  𝑜𝑟𝑑𝑒𝑟  𝑥  𝑓𝑢𝑙𝑙𝑓𝑖𝑙𝑙𝑒𝑑  𝑑𝑒𝑝𝑎𝑟𝑡𝑢𝑟𝑒  𝑑𝑎𝑡𝑒, 𝑡ℎ𝑒𝑛  1, 𝑒𝑙𝑠𝑒  0                                                                                                                        (7.1) 

𝑥 ∈ (0,1)   
This metric is interesting to observe, as it indicates if the predetermined delivery dates could be 
fulfilled. The metrics should never score 0, as this causes possible delays in the supply chain. 
However, due to tight booking situations or unplanned production stops, delays are, at times, 
unavoidable.   

Departure Date in Relation to Planned Departure Date  
This metric measures if the order departed on time or not, according to the original planned 
departure date when the CDD was determined, (i.e. the metric has its origin in the first determined 
delivery dates). 

𝐼𝑓  𝑡ℎ𝑒  𝑜𝑟𝑑𝑒𝑟  𝑥  𝑑𝑒𝑝𝑎𝑟𝑡𝑒𝑑  𝑜𝑛  𝑜𝑟  𝑏𝑒𝑓𝑜𝑟𝑒  𝑝𝑙𝑎𝑛𝑛𝑒𝑑  𝑑𝑒𝑝𝑎𝑟𝑡𝑢𝑟𝑒  𝑑𝑎𝑡𝑒, 𝑡ℎ𝑒𝑛  1, 𝑒𝑙𝑠𝑒  0                                (7.2) 

𝑥 ∈ (0,1)   
This metric is important for the management to observe, in order to evaluate how reliable HP is in 
determining  the  customers’  delivery  date  (i.e.  the  ability  to  perform  tasks  as  expected).   

Quantity Loaded in Relation to Booked  
This metric measures if the departed quantity for an order was within the Quantity Tolerance 
(QT2). It means that neither more, nor less paper defined in the QT departed for an order. 

𝐼𝑓  𝑡ℎ𝑒  𝑜𝑟𝑑𝑒𝑟  𝑥  𝑑𝑒𝑝𝑎𝑟𝑡𝑒𝑑  𝑤𝑖𝑡ℎ𝑖𝑛  𝑄𝑇, 𝑡ℎ𝑒𝑛  1, 𝑒𝑙𝑠𝑒  0                                                                                                                                                  (7.3) 

𝑥 ∈ (0,1)   
If the metric indicate a score of 0, the paper might have been damaged during the internal 
transport at the mill or during loading of the transport mode. Therefore, the metric could be 
important to observe when deciding the number of tons allocated for production. 

Correct Number of Reels Loaded in Relation to Booked 
This metric measures how many reels departed, compared to how many that were booked for 
transport. If all produced reels were delivered according to what was booked, the order was 
considered to be correct. 

𝐼𝑓  𝑡ℎ𝑒  𝑜𝑟𝑑𝑒𝑟  𝑥  𝑑𝑒𝑝𝑎𝑟𝑡𝑒𝑑  𝑤𝑖𝑡ℎ  𝑡ℎ𝑒  𝑐𝑜𝑟𝑟𝑒𝑐𝑡  𝑛𝑢𝑚𝑏𝑒𝑟  𝑜𝑓  𝑟𝑒𝑒𝑙𝑠, 𝑡ℎ𝑒𝑛  1, 𝑒𝑙𝑠𝑒  0                                                  (7.4) 

𝑥 ∈ (0,1)   
This metric could indicate if the reels that were booked were damaged, or if an error had occurred 
in the discharge area. The metric could be interesting to observe, since undelivered reels that were 
intended to be delivered, become inventory and results in an increased capitalization. A larger 
inventory increases flexibility and lowers lead-times. However, this sort of supply is not 
advantageous in an MTO system where all paper is produced on demand (for theories regarding 
MTO systems, see section 4.4.1). 

Correct Reels Loaded in Relation to Booked 
If an order of 10 reels is fulfilled by the number of reels (see equation 7.4) can it; conversely, not 
fulfill the correct (e.g. ordered) reels. Imagine six reels of product A and four of product B are 
delivered, when the order placed was actually seen to be five reels of product A reels and five 
product B. Consequently would equation 7.4 be fulfilled, but not equation 7.5.  

                                                      
2 The buying customers define in the order a Quantity Tolerance (variance) of what is acceptable to deliver (e.g. if a 
customer who has ordered 500 tons receives 510 and this is in line with the QT, the order is correct) 
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𝐼𝑓  𝑡ℎ𝑒  𝑜𝑟𝑑𝑒𝑟  𝑥  𝑑𝑒𝑝𝑎𝑟𝑡𝑒𝑑  𝑤𝑖𝑡ℎ  𝑡ℎ𝑒  𝑐𝑜𝑟𝑟𝑒𝑐𝑡  𝑟𝑒𝑒𝑙𝑠, 𝑡ℎ𝑒𝑛  1, 𝑒𝑙𝑠𝑒  0                                                                                                (7.5) 

𝑥 ∈ (0,1)       
This metric indicates if there are difficulties in delivering the correct reels. If the metric results in 
a low score, one might revise the loading procedure.  

Note: if equation 7.5 always is fulfilled, equation 7.4 consequently is fulfilled. 

7.3 Description of Metrics at Arriving Activities 
Customer Commit Date Achievement Time Customer Receiving 
This metric indicates if the order was delivered at the right time based upon the original 
commitments agreed to by the customer. The   metrics   has   no   “In   full”   element,   thus   partial  
deliveries can still be considered as meeting the Customer Commit Date  as  long  as  the  metric’s  
criteria is met. 

𝐼𝑓  𝑡ℎ𝑒  𝑜𝑟𝑑𝑒𝑟  𝑥  𝑤𝑎𝑠  𝑑𝑒𝑙𝑖𝑣𝑒𝑟𝑒𝑑  𝑜𝑛  𝑡ℎ𝑒  𝑜𝑟𝑖𝑔𝑖𝑛𝑎𝑙  𝑐𝑜𝑚𝑚𝑖𝑡𝑚𝑒𝑛𝑡  𝑑𝑎𝑡𝑒, 𝑡ℎ𝑒𝑛  1, 𝑒𝑙𝑠𝑒  0                          (7.6)                 
𝑥 ∈ (0,1)   

This metric is important for the management to observe in order to evaluate how reliable HP is in 
determining the customers’ delivery date (i.e. the ability to perform tasks as expected).  

Delivery Item Accuracy 
The delivery item accuracy metric measures if delivered reels were the items ordered. 

𝐼𝑓  𝑡ℎ𝑒  𝑜𝑟𝑑𝑒𝑟  𝑥  𝑤𝑎𝑠  𝑑𝑒𝑙𝑖𝑣𝑒𝑟𝑒𝑑  𝑤𝑖𝑡ℎ  𝑡ℎ𝑒  𝑐𝑜𝑟𝑟𝑒𝑐𝑡  𝑟𝑒𝑒𝑙𝑠, 𝑡ℎ𝑒𝑛  1, 𝑒𝑙𝑠𝑒  0                                                                          (7.7)                 
𝑥 ∈ (0,1)   

A low metric score indicates errors in the loading phase. Since HP can be forced to quickly 
provide the customer with new reels of the correct product, this metric is necessary to control, as a 
low fulfillment causes stress in the supply chain and a lowered reputation as a supplier. Moreover, 
as the reels loaded for delivery are measured in the departure activity, the reels delivered should 
be the same. If not, there are problems in the loading phase, alternatively in the transportation 
phase. 

Delivery Quantity Accuracy 
This metric measure if the amount of paper received was found to be within the QT. According to 
the SCOR theory in section 4.6.4, it   is   stated,   “when supplying bulk materials, committed 
quantities refer to a range that  is  acceptable  to  the  customer  rather  than  a  strict  value”.  Since HP 
supplies bulk materials, the QT limit is utilized.  

𝐼𝑓  𝑡ℎ𝑒  𝑜𝑟𝑑𝑒𝑟  𝑥  𝑤𝑎𝑠  𝑑𝑒𝑙𝑖𝑣𝑒𝑟𝑒𝑑  𝑤𝑖𝑡ℎ𝑖𝑛  𝑄𝑇, 𝑡ℎ𝑒𝑛  1, 𝑒𝑙𝑠𝑒  0                                                                                                                          (7.8)                 
𝑥 ∈ (0,1)   

A low metric score indicates errors in the loading phase or the production. This metric is 
necessary to control as a low fulfillment causes stress in the supply chain and a lowered reputation 
as a supplier. Moreover, as the quantity is measured in the departure activity, the quantity 
delivered should be the same. If not, there are problems in the loading phase.  

Orders Delivered Damage Free Conformance 
This metric assesses the damage of the products delivered through the supply chain, from the 
customer’s  point  of  view.   

𝐼𝑓  𝑡ℎ𝑒  𝑜𝑟𝑑𝑒𝑟  𝑥  𝑤𝑎𝑠  𝑑𝑒𝑙𝑖𝑣𝑒𝑟𝑒𝑑  𝑤𝑖𝑡ℎ𝑜𝑢𝑡  𝑑𝑎𝑚𝑎𝑔𝑒, 𝑡ℎ𝑒𝑛  1, 𝑒𝑙𝑠𝑒  0                                                                                              (7.9)                 
𝑥 ∈ (0,1)   
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Since no reels are loaded that are damaged, the metric will indicate how often reels are damaged 
during transport. It is interesting to see if differences in transport mode cause variations in the 
care of the product. If a specific transport mode has more damaged paper, perhaps the transport 
mode could be less utilized than others and more attention could be directed to improve appointed 
transport mode. While the metric is measured in terminals and at the customer, the metric is partly 
dependent on the customer’s  ability  to  report  damage  issues. 

Note: naturally, an agreement between the customer and HP must be created, in where how 
damage shall be anticipated. This in order to have a similar view of damage issues.   

Orders Delivered Defect Free Conformance 
This metric measures if the quality of the delivered paper satisfied the customer’s quality 
demands.  

𝐼𝑓  𝑡ℎ𝑒  𝑜𝑟𝑑𝑒𝑟  𝑥  𝑤𝑎𝑠  𝑑𝑒𝑙𝑖𝑣𝑒𝑟𝑒𝑑  𝑤𝑖𝑡ℎ  𝑎𝑐𝑐𝑒𝑝𝑡𝑎𝑏𝑙𝑒  𝑞𝑢𝑎𝑙𝑖𝑡𝑦, 𝑡ℎ𝑒𝑛  1, 𝑒𝑙𝑠𝑒  0                                                              (7.10)                 
𝑥 ∈ (0,1)       

Since no reels are loaded that are defect, this metric   will   indicate   how   often   the   customers’  
opinion   of   what   quality   the   reels   should   have   differs   from   HP’s.   While   the   metric   only   is  
measured at the customer, the metric is fully dependent  on  the  customer’s  ability to report defect 
issues  
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8 Categorization and Analysis of Potential Metrics 

In the previous chapter, potential measureable metrics were presented. Here, the metrics are 
further categorized and analyzed. It was predetermined that based on the outcome, each metric 
would either be saved for additional validation, placed as a prospect metric or discarded as 
unnecessary. This chapter constitutes the start of phase 3, see Figure 5:2.  

8.1 Categorization of Potential Metrics 
As described in the previous chapter, five metrics were identified as potential in each point of 
measurement   in   the   supply   chain.   The  metrics   that  were   identified   in  HP’s   supply   chain  were  
selected in a best-case scenario (i.e. assumed that the data needed for a metric could be provided 
by HP). As the reality was  different,  not  all  the  metrics  could  be  utilized.  Since  HP’s  supply  chain  
is rather complex, the metrics had to be categorized. Therefore, the metrics were saved for further 
validation, placed as a prospect metric or completely discarded. Consequently, three categories 
were created in order to divide the metrics:  

1. Saved metrics. The metrics were seen as highly interesting and saved for 
additional validation. 

2. Prospective metrics. The metrics were seen as interesting but the data required 
could  not  be  retrieved  from  HP’s  system. 

3. Rejected metrics. The metrics were seen as unnecessary for the representation of 
the supply chain. 

As   HP’s   supply   chain   considers   two   different   order   types,   one   could   expect   diverse   metrics  
depending on the specific  order   type.  Order   type   “customer”   ten  metrics   represented   the  whole  
supply  chain,  and  naturally,  “transfer”,  since  it  had   two additional points of measurement, there 
were 20. However, as the supply chain works in the same way (e.g. information exchange) for 
both order types, it  would  be  possible  to  categorize  these  order  types  (“customer  and  “transfer”)  
the same. On the next page, in Table 8:1, the metrics are divided into the recent presented 
categories. This was accomplished in discussion with Vilander (2012b) and Österskog (2012). 
The metrics were mainly divided in the mentioned categories based upon whether the data needed 
to calculate its value could be retrieved from ProDiver or not.   
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Table 8:1. Categorization of identified metrics 

Metric  Comment  

Production Date in 
Relation to Planned 
Departure Date 
(Departure) 

Saved metric. Data can be retrieved from ProDiver3. Interesting 
metric since it depicts whether the production took place after the 
departure date. If that had occurred, why has not the departure 
date been moved? 

Departure Date in 
Relation to Planned 
Departure Date 
(Departure) 

Saved metric. Data can be retrieved from ProDiver. Important 
metric as is indicates if the goods departed on the originally 
agreed upon date time in order to reach the terminal/customer on 
determined delivery date. 

Quantity Loaded in 
Relation to Booked 
(Departure) 

Saved metric. Data can be retrieved from ProDiver. As each 
customer mostly specifies what to be ordered in tons, the quantity 
loaded is checked to ensure that. 

Number of Reels Loaded 
in Relation to Booked 
(Departure) 

Saved metric. Data can be retrieved from ProDiver. Important 
metric for the logistic planners as they double-check the transport 
by inspecting the number of reels booked and loaded. 

Correct Reels Loaded in 
Relation to Booked 
(Departure) 

Rejected metric. Not interesting for either production or logistics 
planners. Moreover, is the data required hard to retrieve. 

Customer Commit Date 
Achievement Time 
Customer Receiving 
(Arrival) 

Prospective metric. Today, HP does not have access to 
information about arrival promptness or, any alteration of the 
delivery date to the customer or HP itself. Attempts to obtain this 
data are ongoing. 

Delivery Item Accuracy 
(Arrival) 

Rejected metric. Assumed is that the items loaded at the departure 
appear in the arrival phase. 

Delivery Quantity 
Accuracy 
(Arrival) 

Rejected metric. Assumed is that the quantity loaded at the 
departure gate appear in the arrival phase. 

Orders Delivered Damage 
Free Conformance 
(Arrival) 

Saved metric. As no reels in the departure phase are loaded that 
are damaged, the metric will depict how well the transport was 
performed.  

Orders Delivered Defect 
Free Conformance  
(Arrival) 

Saved metric. Since in the departure phase, no loaded reels are 
defective, the metric will depict how well the transport is 
performed. 

                                                      
3 ProDiver is a HP database where all data from CUPS is allocated 
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The Table 8:1 is summarized below in three tables, one for each category.  

Table 8:2.  Metrics  placed  in  the  category  “saved metrics” 

Metric 

Production Date in Relation to Planned Departure Date 

Departure Date in Relation to Planned Departure Date 

Quantity Loaded in Relation to Booked 

Number of Reels Loaded in Relation to Booked 

Orders Delivered Damage Free Conformance 

Orders Delivered Defect Free Conformance 

Table 8:3.  Metrics  placed  in  the  category  “prospective  metrics” 

Metric 

Customer Commit Date Achievement Time Customer Receiving 

Table 8:4.  Metrics  placed  in  the  category  “rejected metrics” 

Metric 

Correct Reels Loaded in Relation to Booked 

Delivery Item Accuracy 

Delivery Quantity Accuracy 

8.2 Analysis of Potential Metrics 
As described in the SCOR model in section 4.5, and the theory regarding KPIs in section 4.6, a 
KPI can consist of one or more metrics. Since six metrics were saved for additional validation, 
they will constitute the base of the KPI delivery precision. To build up the KPI, the metrics were 
segmented into level 2 and level 3 metrics, precisely as in the SCOR model. Additionally; it was 
identified that two of the metrics were, more or less, representing the same measurement, and thus 
lifted out and used as supporting metric for the overall KPI. 

8.2.1 Hierarchical Metric Structure 
Following the categorization of the metrics, six metrics were remaining. In order to control and to 
obtain a better overview of the delivery precision, the metrics were segmented into three level 2 
metrics based upon the theory of the SCOR model in section 4.5. In discussion with Vilander 
(2012b) and Österskog (2012), the metrics Actual Production Date in Relation to Planned 
Departure Date and Number of Reels Loaded in Relation to Booked were not needed and hence 
not included in the overall KPI delivery precision. They remained as a supporting metric, though. 
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 Production Date in Relation to Planned Departure Date is a good indicator of 
how well the production is planned. However, the Departure Date in Relation to 
Planned Departure Date represents the accuracy of the transports departure. To 
have used both metrics would have been unnecessary, and would result in bias 
toward the overall delivery precision. Consider the following, if an order is not 
produced before planned departure date, the departure date would consequently 
not be fulfilled. However, an order could fulfill the production (which it 
consistently should), but not fulfill the departure date 

 According to Vilander (2012b) over 90% of the orders are ordered in ton. 
Utilizing the metric Number of Reels Loaded in Relation to Booked would not 
represent how well the customers are served, which is the primary objective. 
Measuring the number of reels is nevertheless important for the logistics 
planners to ensure their work. Therefore, it should not be rejected, just not 
aggregated in the overall KPI 

Depicted in Table 8:5 below, the summary of the four remaining metrics that constitute the KPI 
delivery precision. The level 2 attribute Delivery Performance According to Determined Date 
constitutes of one metric, Orders Delivered in Full of one, and Quality and Damage were merged 
to the attribute Perfect Condition containing two metrics.  

Table 8:5. Hierarchical metric structure 

Level 1  Delivery Precision 

Level 2   Delivery Performance to Determined Date 

   Orders Delivered in Full 

   Perfect Condition 

Level 3 Departure Date in Relation to Planned Departure Date 

 Quantity Loaded in Relation to Booked  

 Orders Delivered Damage Free Conformance  
 Orders Delivered Defect Free Conformance 

8.2.2 Description of Level 2 Metrics 
In section 7.1.4 and 7.1.5, the formulas for the level 3 metrics were described. As for the level 2 
metrics, they are described below.  

Delivery Performance According to Determined Date 
This metric is measured as the percentage of orders that are delivered on time from the mills or 
the terminals to the customers on the original agreed upon dates. Input to the metric is the level 3 
metric Departure Date in Relation to Planned Departure Date, and the number of orders the 
metric is calculated from.  
𝑁𝑢𝑚𝑏𝑒𝑟  𝑜𝑓  𝑜𝑟𝑑𝑒𝑟𝑠  𝑑𝑒𝑝𝑎𝑟𝑡𝑒𝑑  𝑜𝑛  𝑡ℎ𝑒  𝑜𝑟𝑖𝑔𝑖𝑛𝑎𝑙  𝑐𝑜𝑚𝑚𝑚𝑖𝑡𝑚𝑒𝑛𝑡  𝑑𝑎𝑡𝑒

𝑇𝑜𝑡𝑎𝑙  𝑛𝑢𝑚𝑏𝑒𝑟  𝑜𝑓  𝑜𝑟𝑑𝑒𝑟𝑠  𝑑𝑒𝑝𝑎𝑟𝑡𝑒𝑑 ∗ 100  %                                          (8.1)   

Orders Delivered in Full 
Orders delivered in full is a metric that is based upon input from the level 3 metric, Quantity 
Loaded in Relation to Booked. The level 2 metric determines how often an order fulfills the terms 
of QT. This metric uses input that is collected in the loading processes, which is a adaptation to 
where HP collects data. Important to point out is that the metric does not take any consideration to 
the time aspect of an order. Note: it is assumed that departed orders arrive at their designated 
destination, hence the word delivered in the level 2 metric name.  
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  𝑁𝑢𝑚𝑏𝑒𝑟  𝑜𝑓  𝑜𝑟𝑑𝑒𝑟𝑠  𝑑𝑒𝑝𝑎𝑟𝑡𝑒𝑑  𝑖𝑛  𝑓𝑢𝑙𝑙  
𝑇𝑜𝑡𝑎𝑙  𝑛𝑢𝑚𝑏𝑒𝑟  𝑜𝑓  𝑜𝑟𝑑𝑒𝑟𝑠  𝑑𝑒𝑝𝑎𝑟𝑡𝑒𝑑 ∗ 100  %                                                                                                                                                            (8.2) 

Perfect Condition 
Perfect condition is a level 2 metric that use the level 3 metrics Orders delivered damage free 
conformance and Orders delivered defect free conformance as input. The metric depicts, in 
percent, how often orders are delivered in an acceptable condition (e.g. defect and damage free) to 
the customer or terminal. However, the metric has its limitations though. 
  𝑁𝑢𝑚𝑏𝑒𝑟  𝑜𝑓  𝑜𝑟𝑑𝑒𝑟𝑠  𝑑𝑒𝑙𝑖𝑣𝑒𝑟𝑒𝑑  𝑖𝑛  𝑝𝑒𝑟𝑓𝑒𝑐𝑡  𝑐𝑜𝑛𝑑𝑖𝑡𝑖𝑜𝑛  

𝑇𝑜𝑡𝑎𝑙  𝑛𝑢𝑚𝑏𝑒𝑟  𝑜𝑓  𝑜𝑟𝑑𝑒𝑟𝑠 ∗ 100  %                                                                                                  (8.3) 

8.3 Interpreting the Delivery Precision 

8.3.1 HP’s  Delivery  Precision  According  to  SCOR Theory 
The calculated values of the level 2 metrics (see Table 8:5) are based on the formulas 
depicted in section 8.2.2. They will indicate how well HP is performing in specified areas. 
However, no dependency between the metrics is present. Each level 2 metric is calculated on 
an order level (for example Orders Delivered in Full has no timing element, and thus can be 
fulfilled without having been delivered in time). 
How is then the level 1 metric, hence KPI, calculated? The level 1 metric will give the exact 
delivery precision and relationships between different metrics, thus it will identify orders that 
were delivered in time with no damage or defect with the correct quantity. The backside, in turn, 
is that it is difficult to measure due to all the information needed to be linked (e.g. match orders in 
each metric), which requires heightened time and quality of the data collection from the software. 

The level 1 metric will be calculated as: 

𝑃𝑂𝐹 = 𝑇𝑜𝑡𝑎𝑙  𝑝𝑒𝑟𝑓𝑒𝑐𝑡𝑠  𝑜𝑟𝑑𝑒𝑟𝑠
𝑇𝑜𝑡𝑎𝑙  𝑛𝑢𝑚𝑒𝑟  𝑜𝑓  𝑜𝑟𝑑𝑒𝑟𝑠 ∗ 100  %                                                                                                                                                                                    (8.4) 

To be a perfect order, the order needs to receive a score of 1 in all the level 2 metrics, if this does 
not occur, the score is 0. The total number of orders fulfilled is then divided by the total number 
of orders, and thus, a percent value is obtained. If there are three level 2 metrics, and the sum of 
all metrics equals the number of components (in this case, 3), the order is perfectly fulfilled. 
Consequently, if all level 2 metrics in Table 8:6 receive a score of 1, then the order is perfect.  

Table 8:6. The level 2 metrics score either one or zero 

Level 1  Delivery Precision 

Level 2   Delivery Performance to Determined Date                        (0, 1) 

   Orders Delivered in Full     (0, 1) 

   Perfect Condition     (0, 1) 

Further illustration of how the delivery precision with SCOR is calculated is depicted below in 
Table 8:7. Assume x represents time and y represents quantity. In total, there are four possible 
outcomes. However, only one is recognized as prefect in the SCOR model. The SCOR model 
purposes to identify each order in which the time and quantity constraints are fulfilled (thus when 
both constraints are equal to 1). In all other cases, the order is seen as imperfect, and hence lowers 
overall delivery precision.  
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Table 8:7. SCOR representation of Perfect Order Fulfillment  

 1 0 

1 𝑥 = 1, 𝑦 = 1 𝑥 = 0, 𝑦 = 1 

0 𝑥 = 1, 𝑦 = 0 𝑥 = 0, 𝑦 = 0 

The idea with SCOR is that once the supply chain is evaluated, it should be easy to improve due 
to the hierarchical metric structure. If the overall delivery precision at level 1 is not satisfactory, 
one could easily evaluate the level 2 metrics and make an improvement to the metric most 
essential. The metrics are all contributors (drivers, root causes) and not how to calculate the POF.  

8.3.2 HP’s  Delivery  Precision  Classical  Representation 
The   classical   representation   of   HP’s   delivery   precision   would   be   to  multiply   the   three   level   2  
metrics with each other (i.e. in line with POI in section 4.6.4.1). This is a common way delivery 
precision is interpreted. The metric is a statistical representation of how many orders are 
delivered in time with no damage or defect, in the correct quantity. This means that it will be able 
to depict a statistical representation of how many orders were perfect. The main drawback with 
this metric is that it is just a statistical measurement and hence ther is no connection between the 
metrics. On the other hand, the POI can handle orders with one or more failures. Consider the 
following, imaging that the delivery performance was to be measured with fours components 
(time, quantity, quality and damage). In the SCOR model, if one of these were inaccurate, the 
whole order would be considered incorrect as soon as one component was not fulfilled. Now, say 
that the customer does not pay so much attention that the delivery of the order was made on time. 
With the POI, it is possible to utilize the data for the other three components of the same order, 
thus a clear distinction with the SCOR model. 

Imagine an additional example regarding the statistical aspect of the POI. Picture x as time and y 
as quantity. To calculate, as no consideration has to be taken to the relationships, time and 
quantity of an order (i.e. when they happen simultaneously), x and y are hence multiplied with 
each other. This gives a statistical representation of when the order is perfect (see Table 8:8).  

Table 8:8. Statistical representation of the Perfect Order Index 

 1 0 

1 𝑥 ∗ 𝑦 (1 − 𝑥) ∗ 𝑦 

0 𝑥 ∗ (1 − 𝑦) (1 − 𝑥) ∗ (1 − 𝑦) 
For the overall delivery precision at HP, the metric will be calculated as: 

𝑃𝑂𝐼 =   𝐷𝑒𝑙𝑖𝑣𝑒𝑟𝑦  𝑃𝑟𝑒𝑓𝑜𝑟𝑚𝑎𝑛𝑐𝑒  𝑡𝑜  𝐶𝑢𝑠𝑡𝑜𝑚𝑒𝑟  𝐶𝑜𝑚𝑚𝑖𝑡  𝐷𝑎𝑡𝑒 ∗   𝑂𝑟𝑑𝑒𝑟  𝐷𝑒𝑙𝑖𝑣𝑒𝑟𝑒𝑑  𝑖𝑛  𝐹𝑢𝑙𝑙
∗   𝑃𝑒𝑟𝑓𝑒𝑐𝑡  𝐶𝑜𝑛𝑑𝑖𝑡𝑖𝑜𝑛                                                                                                                                                                                (8.5) 

8.4 Two Calculated Values for the Delivery Precision 
While two of the level 2 metrics are calculated in the departure activities and one at the arrival 
activities at two separate places, the delivery precision by some means must be connected. 
Depicted on the next page in Figure 8:1, is how the delivery precision should be interpreted. 
Altogether, there are two numbers of the delivery precision in the supply chain for the order type 
“transfer”  and  one  for  order  type  “customer".   
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Figure 8:1. Two values ought to be calculated for the delivery precision for order type 
“transfer” 
However, it is important to remember that it is not valid to aggregate the calculated numbers for 
the overall supply chain (see the example in 0). The utmost importance is the delivery precision 
achieved at the end customer (i.e. the circle to the left in Figure 8:1). As for the order type 
“customer”,  the  delivery  precision  is  the  one  value  calculated.     
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9 Calculation and Validation of HP’s Delivery Precision 

Presented in the previous chapters were what metrics to measure and how to calculate them. Here, 
the data and, specifically, what sort of data needed to calculate the metrics is presented. 
Furthermore, the metrics, thus the delivery precision, is then calculated and difficulties, which 
arose during the calculation, are discussed. In the end of the chapter, the calculated values are 
validated (i.e. if the correct data was obtained   from  HP’s   software, and if the calculated value 
seems reasonable). This chapter constitutes the start of phase 4 and 5.  

9.1 Obtainable Data  
Presented in Table 8:5, were the final four level 3 metrics that ought to be measured. Since these 
metrics considers the features Time, Quantity, Quality and Damage, these points were set as data 
reference points in the supply chain.  

The accuracy of the delivery precision was influenced by the ability of ProDriver to retrieve 
certain types and precisions of data at each point. Data that were possible to obtain in each of the 
four points of measurement, and in the data reference points are depicted in Table 9:1. This table 
gives an indication of the accuracy of the delivery precision. The determination of where in the 
supply chain where data could be obtained, was done through reviewing chapter 6 and conducting 
unstructured interviews (see section 2.7.2) with HP employees. Self-explanatory, the more data 
available in the supply chain, the better the accuracy of the overall delivery precision.  

Table 9:1. Data possible to obtain in each point of measurement  

 Departure 
from Mill 

Arrival at 
Terminal 

Departure 
from Terminal 

Arrival at 
Customer 

Time  N/A  N/A 

Quantity  N/A  N/A 

Quality N/A N/A N/A  

Damage N/A  N/A  

Comments regarding Table 9:1: 

1. At Departure from Mill and Terminal, the table indicates that data was not available (N/A) 
for quality and damage issues. However, it was presupposed that HP did not deliver 
products that had quality problems nor were defective. 

2. Looking at Arrival at Customer, it is only possible to measure the quality at the customer, 
in addition to Arrival at Terminal, since there is no quality check in the terminals, while, 
measurements regarding order damage can be performed in the terminals and at the 
customers. Moreover, a claim cannot be done in the terminals, since claims can only be 
made after an invoice has been sent. 

9.2 Comparisons of Data  
After recognizing where data was obtainable in the supply chain, data to extract was determined. 
In order to measure, for example, the metric time, the actual date versus the planned departure 
date had to be compared. Depicted in Table 9:2 on the next page, is what type of data could be 
retrieved from ProDiver. Dynamic data is listed in the left of the table, and static data is found on 
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the right resulting in. actual vs. planned. For each of the metrics identified, comparisons always 
had to be done to determine if the order was perfect or not, except for the metrics concerning 
quality and defectiveness. They were recognized as perfect as long as nothing was reported. 

Table 9:2. Data to compare in each metric in each point of measurement  

 Departure 
from Mill  

Arrival at 
Terminal  

Departure 
from Terminal  

Arrival at 
Customer  

Time  DN/Exmill  N/A  DN/(N/A)*  N/A  
Quantity  DN/QT  N/A  DN/QT  N/A  
Quality  N/A  N/A  N/A  Claims  
Damage  N/A  WA & DR  N/A  Claims  

Below follows an explanation of the mentioned components in Table 9:2: 

1. DN/Exmill  
The Delivery Note (DN) (described in section 6.2) contains the time when the transport 
leaves the mill. 

The Exmill date (described continuously during the thesis, foremost in section 6.1) 
indicates when the goods must leave the paper mill at the latest in order to be able to 

reach the ATD and CDD in time. 

2. DN/QT 

Delivery Note (DN), see above. 

Quality Tolerance (QT) (described in section 7.2) refers to a variance that is accepted by 
the customer. 

3. WA & DR 

As the products arrive to the terminal, a control of the delivered goods is made. Defective 
products  are  “remade”  and  a  Weight  Adjust  (WA),  which  is  an   indication,  is  entered   in  
CUPS that depicts how much that was scrapped. The WA is connected to a specific order 
number, thus making it easy to connect to the original order.  

Paper reels that must be completely discarded are remade, hence no WA in CUPS. 
Therefore, one must review the document, which is sent manually to O&L, also called 
Discharge Report (DR).  

4. DN/(N/A)* 

Delivery Note (DN), see above. 

* Since there is no possible date (ATD or Call Off) to compare with the DN, the level 3 
metric departure time will be difficult to determine. 

5. Claims 

Claims (described in section 6.2.1) are created in CUPS by the SO on the initiative of the 
customer as soon as a delivered order does not fulfill the quality or is found to be 
defective. 
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9.3 Calculating the Delivery Precision 
When calculating the delivery precision many problems (as anticipated) were revealed (see 
section 9.3.1), making it impossible to calculate the POI and POF, and thus, obtain reliable values 
for the delivery precision. Therefore, only test calculations were performed, and sources of error 
will be presented below.  

Only transfer orders were used when calculating test samples of the delivery precision, since more 
data was found in this type of delivery (see Table 9:2). The data was extracted from ProDiver, and 
since the required data was not to be found in one model (see ProDiver Models in the next 
section), several had to be used. With the extracted data, attempts to merge the data into one excel 
sheet were made (see Synchronizing the Data in next section).  

The data, which was used in the test calculations, was extracted from the ProDiver model Order– 
Current Year. Information extracted were the parameters; ON, order type, Exmill, DOD, order 
status, QT, ordered quantity and delivered quantity to warehouse. Furthermore, data was even 
collected from ProDiver model Transfer Deliveries per SO 2012. The extracted data was the 
parameters ON, DN date, and Transport/Call-Off date.  

The data required was extracted to two separate excel sheets. The sheets were searched for ONs, 
which were to be found in both models. If there was a match, information from the one model was 
connected to the other, thus creating one merged sheet containing all data. The calculation had 
many disadvantages in the data processing phase, because some data were missing in the order 
model, and problems could also be found in updated Exmill dates (see Updated Delivery Dates in 
next section), since there was no information about why Exmill had been updated. Furthermore, a 
problem was that only one Exmill date could be used for the whole order delivery date (for 
example see Appendix 2), and that there was no reliable departure date when the goods should 
leave the terminal (see Timestamp in Terminal in the next section). Moreover, QT determined in 
General Trade Rules (GTR) (defined delivery rules that depends on product classification and 
ordered volume), and to save time, only an approximation was done. Since the customers could 
determine to have the QT in number of reels or in quantity, this made the metric more complex to 
calculate (see Accepted QT in the next section). Additionally, because the reliability of the claims 
was so low (see Claims in the next section), the delivery precisions would utterly not be reliable. 
The authors even had problems with lack of computer capacity. This caused the calculations to 
consume time and this resulted in inconsistent behavior of the excel program.  

Even though it was determined that the delivery precision could not be determined, a “KPI record 
sheet”  is  presented in Appendix 3, with the intention to simplify all the information connected to 
the specific KPI. With help of the literature in section in 4.6.6, and identified attributes, a record 
sheet suited for the thesis was developed. 

9.3.1 Difficulties in Trying to Calculate the Delivery Precision  
As described in the previous section, the delivery precision could not be reliably calculated with 
the data currently available in ProDiver. Naturally, this was dependent on a number or various 
reasons. Depicted in Figure 9:1 on the next page, are the six most critical factors influencing an 
unreliable calculation of the delivery precision.  
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Figure 9:1.  Depicts  the  difficult  aspects  when  trying  to  calculate  HP’s  delivery precision 
Updated Delivery Dates 
The calculation of the time metric from the mill (Departure from Mill, Time) was first stated in 
section 0. It was determined that the DN date would be compared to the original delivery dates 
(i.e. Exmill date). However, when the metric was calculated, the obtained value was unreliable 
due to updated delivery dates in CUPS.  

The time metric was described in section 7.2 as: 

The metric measures if the order departed on time or not according to the 
original planned departure date when the CDD was determined, (i.e. the 
metric has its origin in the first determined delivery dates). 

Because the Exmill date was changed on a regular basis, and the data of the persons responsible 
for the change was not saved, the   time  metric’s   value   could   not   be   accurately   calculated.   The  
necessary data (i.e. if a change was due to HP or the customer) was not obtained even though 
through an order survey, which was sent out to the SOs, requested this, resulting in an inability to 
determine  the  time  metric’s  values. Even though the personnel at the SOs said that the CDD dates 
seldom were updated (causing the Exmill dates to be updated), a check in CUPS of a number of 
orders indicated otherwise. The orders, randomly sought out, were (according to the order log4 in 
CUPS) changed at least once for every order. Further problem with this was that there was no 
information saved of why this was done. Was the customer contacted or not, and on whose 
initiative was the change made? 

Moreover, the timestamp from the DN is reliable, but since nothing could be compared to its 
value, it could not depict if the order was delivered on the right time or not.  

Timestamp in Terminal 
When the goods arrive at a terminal, they are placed as inventory, as they await further 
transportation to the customer. However, when the goods leave the terminal, there is no kind of 
data (delivery date) to compare with the DN when the goods depart. The ATD depicts only when 
the goods are expected to be in the terminal (at the latest) in order to be available for further 
transportation. It does not say anything about the date (time) when the goods are expected to 
depart. In addition, attempts to compare the DN with the Call Off (see section 6.1.1) were made, 
but since the SO creates the Call Off just days before the departure, this value would have been 
biased. Furthermore, as mentioned in Updated Delivery Dates, the same line of thought is valid 
for the ATD dates as well. The date was frequently updated, but nothing was saved in regards to 
reasons for or notes about the responsible party for delivery changes.  

Accepted QT 
When calculating the quantity metric, a number of difficulties arose. For each order, the QT could 
either be determined in number of reels or in quantity in tones, resulting in two different ways of 
calculating the accurate QT. It could either fulfill the number of reels or quantity, thus making the 
metric more complex. 

                                                      
4 All changes that have happened to an order are registered in the order log in CUPS. However, the initiator to the 
changes is not saved.  

Updated 
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The terms of delivery when the QT was determined to be in number of reels were: 

 No underproduction / +1 package 

 +/- 1 package 

 -1 package / No overproduction 

Solving the quantity metric when the order was in number of reels was not difficult. All data 
needed was found in ProDiver. 

When the order was determined to be delivered in a quantity variance, the General Trade Rules 
(GTR) was utilized. Initially, the GTR was issued in 1984 by Swedish, Finnish and Norwegian 
forest federations. In the GTR (which is an official document) it is stated: 

“An order for paper or paperboard outside the normal stock range of the seller 
shall be deemed to have been fulfilled in accordance with the contract if the 
seller delivers to the buyer the goods that do not deviate from the contract 
quantity by more than the tolerances stipulated in the GTR” (Svenska 
Pappergrossistförbundet and Svenska Cellulosa- och Pappersbruksförening, 
1984 p. 1) 

The term of delivery when GTR was utilized, see Table 9:3 below. 

Table 9:3. Depicts the QT for paper up to and including 180 g/m2 

Contracted Quantity Permitted Deviation 

Under 1 ton ± 15 % 

1 tons but less than 5 tons ± 10 % 

5 tons but less than 10 tons ± 7.5% 

10 tons but less than 100 tons ± 5 % 

100 tons and over ± 3 % 

For colored quantities a further deviation of ± 2.5% is permitted 

All data needed to calculate the quantity metric was found in ProDiver. However, since both 
number of reels and quantity could fulfill the QT, the metric is rather time consuming to 
determine.  

Claims 
Claims are registered into CUPS as soon as the customer contacts the SO, and notifies them that 
the delivery was not done according to the specifications (e.g. quality issue or defect reels). Data 
of claims of orders that have been invoiced to the customers are found in ProDiver. However, 
claims of orders transshipped through a terminal and damaged on their way to the terminal (i.e. 
transfer orders) are not registered in CUPS. Instead, this is handled manually. The terminals send 
the data to O&L in where a logistics controller enters the data in excel. The most troubleshooting 
issue regarding the metric claims is the validity of the data. Even though the SO creates claims, 
the   number   of   claims   not   created   due   to   the   customer’s   inability   to   report   when delivery is 
unsatisfactory is not caught. The data in ProDiver depicts tons and reels delivered to customer. It 
depicts what has been departed from mill/terminal, and thus the damages that can occur during 
transport are not regarded.  

ProDiver Models 
When collecting the data needed, a number of different ProDiver models were reviewed. A 
ProDiver model is a named file in where data from CUPS is entered. Each model depict a specific 
part of HP, for example, production, transport, credit, claims and stock etc, but not all in one. 
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Since not all data were to be found in one model, several models had to be reviewed and utilized, 
and this approach consumed research time.  

Synchronizing the Data  
Since not only one ProDiver model was utilized, the data was merged into one excel sheet, in 
which it was unorganized, only based on ON. The data, from the different models, was then 
further synchronized so that each model was connected to the correct data. It was then discovered 
that, for example, depending on which model was utilized, some planned delivery dates (planned 
delivery dates were to be found in more than just one model) for the same ON were different. 
Exmill dates in the models Order5 and Production6 did not always correspond to each other. This 
difference in Exmill came as a surprise to the authors as well as to HP and no good explanation 
for this has been found. In the production model, it seems like the Exmill date is the last one 
updated. As for the order model, it is still unclear which date the model shows.  

9.4 Validating the Data 
“In   the   scientific   context,   the   term   "data   validation"   is   commonly   used  when  
referring to a process during which a body of data is subjected to a comparison 
with a set of acceptance criteria. The acceptance criteria are designed in a 
manner that will enable the data user to know if the set of data will meet the 
intended  purpose.”  (Grant, 2000) 

The data that was to be collected to calculate the metrics was retrieved from ProDiver, where the 
data along the supply chain was stored. A number of parameters (presented in section 9.1) were 
chosen to be applied where data was extractable. The data was mainly validated through the 
program excel. Since the data extracted was of numerical and date type, the parameters were 
screened (e.g. the dates were of the period determined and that the order numbers were six digit 
number). Validating the data during the thesis was constantly ongoing. 

Moreover, a major problem with the available data was (and currently is) that the information 
about who initiated a change in an order not was stored, and furthermore, if something was 
changed, the previous information (e.g. delivery date) was overwritten. This means that the 
metrics could not be 100% accurate, related to the dates and quantities. Since some metrics were 
based upon this data, it could not be determined if an initiated change was due to the customer or 
HP. If a customer changed an order, it should not affect the result, since it was done on the 
customer’s  initiative,  and  thus  would not impose negatively on HP not fulfilling the original date 
and quantities agreed upon. However, if HP made the initial change, the order would have been 
seen as incorrect, even though the data may have proved otherwise. The biggest enticement for 
HP to initiate a change of an order was to better match the actual delivery date. If HP had 
followed through on this possibility, they would have improved their delivery precision (since 
O&L wants the SOs get orders in the right prioritization order when there is a problem with, for 
example, a machine breakdown).  

To investigate how often changes were done to the CDD and ATD dates, and to be able to 
identify orders that were changed  on  HP’s  initiative,  an  order  survey  was  sent  out  via  e-mail to all 
SOs. The purpose of the survey was to map changes and reasons why changes were initiated. 
Conversely, the response was close to nothing. It was expected that this survey would generate a 
large number of data since Ali Khalili (Manager Production & Logistics Planning) at O&L 
indicated that changes occurred constantly. Some feedback was received by email, though, in 
which some SO personnel said that they did not have time to complete the survey due to holidays 
and that the CDD and ATD changed from time to time, but not often.  

                                                      
5 The  model  is  more  accurately  termed  “Order  2003- Current Year”  in  ProDiver.  
6 The model  is  more  accurately  termed  “Production  2009 -”  in  ProDiver.  Since  the  hypen  indicates  “until  current  year”,  
the model does contain the data for 2012. 
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To pin down the problem, focus was set on two SOs, which Tonny Croezen (Inside Sales Manger) 
considered   the   most   important   and   grasped   most   of   HP’s   market.   Therefore, the SOs Central 
Europe and BeNeLux (Belgium, Netherlands and Luxemburg) were questioned if they could 
participate in the survey one more time, to allow the reliability of the metrics to be improved, and 
to have sample data to draw conclusions from. Nevertheless, after evaluating the survey an 
additional time, few changes were reported, even though Tonny Croezen advised the SOs to 
prioritize the survey.  

Since SO Nordic Sales and O&L (where we were placed) were located in the same building, a 
meeting was requested with Fredrick Brobeck (Coordinator of Nordic Sales) due to the lack of 
answers in the survey. He stated that the original dates of an order are seldom changed, and 
therefore, no personnel filled in the survey. He then asked for another chance for the Nordic SO to 
participate in the survey, stating that he would persuade the employees to fill in the data needed. 
After an additional two weeks, only a few orders had been registered.  

Despite the few reported changes in the delivery dates, the authors could not ignore the changes 
that were to be found in the order log, and especially, the number of contradicting answers from 
HP’s   employees   on   the   question of whether the delivery dates change often or not. Some 
employees said that the delivery dates changed quite often; some indicated few changes and some 
said that the orders frequently were changed. Because of this, the authors found it difficult to 
determine the validity of responses. In addition, it was surprisingly difficult to understand why the 
order logs and the reports from the inside sales personnel differentiated to such a large degree 
from each other. This leads to the conclusion that the personnel did not understand how to use the 
survey, or frankly, that they did not want participate. 

The order survey, which was sent out to the SOs, is attached as appendix 1. To rule out the 
possibility that the order survey was hard to understand, randomly sought out employees at O&L 
were questioned. The overall opinion was that the order survey was easy to interpret and the 
possibility that the SOs would have found it difficult was ruled out. Therefore, it was concluded 
that the interest of participating in the survey, and hence a facilitation to calculate the delivery 
precision, was of no interest.  

9.5 How HP’s  Delivery  Precision  is  Perceived  Today 
Beginning in 2006 and continuing every 2nd year, HP has conducted a customer survey. Since 
these surveys are strictly confidential, neither data nor sources of the companies who have 
participated in the survey will be presented.  

The  overall  opinion  of  HP’s  delivery  service   is  good.  The  customers   indicate   that  HP  performs  
well in comparison to competitors in areas such as:  

 Delivery according to plan 

 Correct deliveries 

 Information about deviation of delivery 

 Clear/efficient inquiries & ordering 

 Flexibility in ordering and deliveries 

 Short lead times 

Concerning the presented areas, HP performs (according to their customers) best in delivery 
according to plan and correct deliveries, thus it can be concluded that HP has a high delivery 
precision. However, no specific value could be obtained since the survey utilized qualitative data 
(see section 2.4). A selection of quotes about how  the  customers  perceive  HP’s  delivery  service is 
presented below. The excerpts are from current customers, in the form of answers about their 
perception about the overall delivery service.  
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”Holmen  Paper  performs  well,   for  example  when  it  comes   to  extra orders i.e. 
flexibility.  Short  lead  times  when  we  need  it.”   

”Holmen   Paper   has   a   high   delivery reliability that we can rely on, i.e. they 
deliver  on  time”   

“Holmen   Paper   has   reliable   lead times and good delivery reliability. 
Furthermore are they located quite close to us and they are very good at 
meeting  the  promised  delivery  dates.”   

“Holmen  Paper  has  a  good  commercial   flexibility.   I  mean:   if  we  ask   to  bring  
forward or to postpone an order or if we have a strange or sudden request 
Holmen Paper is very flexible in  comparison  to  their  competitors”   
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10 Improvement Proposals 

Presented in the previous chapter, were the difficulties in calculating delivery precision. Presented 
below, are a number of improvement proposals, in order to facilitate the forthcoming calculations. 
This chapter constitutes the start of phase 6, see Figure 5:2. 

Since the delivery precision could not be calculated, phase 6 shall depict improvement proposals 
that   can   be   made   to   HP’s   delivery precision. In total, there were six issues that affected the 
calculation. To each one of these, a proposal is presented below.   

10.1 New Delivery Dates 
On the issue regarding Updated Delivery Dates, new delivery dates ought to be set. According to 
the theory regarding delivery precision, the delivery date should be determined to be the original 
date  set  for  the  order.  Nevertheless,  in  the  real  world,  and  in  HP’s  case,  it  could  be  a  bad  decision  
to set it according to this theory because the SOs often place a reservation order in advance, just 
to allocate the production capacity, without having prior contact with the customer first. This 
reservation date is consequently not a date in which the SO have cooperated with the customer. It 
is just a guess by the inside sale personnel when he/she thinks the order is needed. It is still 
unknown why the initial set delivery date is far from reality, and it can be seen by that the CDD 
dates changes in the order log, but why these changes occur is still unknown.  

Described below, there are four possible occurrences that could constitute the original delivery 
date for the forthcoming measurement of the delivery precision. 

1. First, the original estimated determined delivery dates (CDD, ATD & Exmill, which all 
are calculated based on the initial CDD date) are, as described earlier, according to the 
theory, the correct reference date to make calculations about the delivery precision. The 
dates are used by the production units to initially plan the production, even though they 
know that the date (Exmill date) eventually will change. However, the initial dates are 
viewed differently. The SOs see these dates more as an early warning that something may 
be produced in about that time (i.e. allocating orders just to reserve space in production). 
This is probably set in advance, so the SO can promise the customer when they are 
contacted, that their date can be met. Thus, the company may care little about costs, such 
as inventory costs. 

2. Second, an additional date, which could be used as a delivery date, is the first delivery 
date that is determined in conversation between the SO and with the customer. This date 
is accepted by both parties. It has the advantage that it is the original date recognized by 
the customer, even though HP had a reservation for the order earlier.  

3. The third date, which may be used, is the date set when an order is being released (i.e. 
confirmed by the SO to be produced), before being locked in a production block. This 
date can be used because when the date is set, both HP and the customer have agreed on a 
delivery date. The problem with this is that this point in time is late in the order chain. HP 
has had contact with the customer several times before, and perhaps, the customer have 
seen another CDD as accepted by HP. Moreover, utilizing another date before this date is 
uncertain, and the production planners cannot plan production accurately, since an order 
is only reserved. 

4. The fourth date is when the order is locked in the production block. This date has the 
advantage that HP has a confirmed production date, and hence, a predictable delivery date 
can be determined (which should be relayed to the customer). Changes that are made after 
this date cause a hampering in progress, and cannot be remediated by the production 
planner, and thus, the date should not be altered. 
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The authors believe that the objective for HP shall be to set the delivery dates as soon as possible 
after receiving an order. Nevertheless, if the delivery date is set too early, the order is likely to be 
changed, and consequently, using a date that is not seen by the system as final is not preferable. 
Therefore, it is recommended to use the CDD and Exmill date, which are set when the order is 
being released by the SO. An additional recommendations to HP is to contact their customers and 
SOs, in order to see how they perceive this problem today, and what date they see as the most 
correct date to base the measurement of the delivery precision on, and to measure how often 
changes occur to an order. This shall in the initial stage be done for each SO, and from this point, 
follow up the SOs that have protruding statistics and evaluate why these SOs have so much more 
deviations than the others do.  

In order to make the reference point work as intended, HP needs to make the inside sales 
personnel and O&L understand which date that has been chosen, and why. Furthermore, the 
inside sales personnel need to inform their customers upon resolving the matter, so they 
understand how HP regards the different dates in the order process. By setting a date, which can 
possibly be changed, makes the SOs and customers to act upon an earlier delivery date than 
desired. However, since the inventory control is managed by the inside sale personnel, and 
conjecturing that they do not want to have bad statistics, they need to be certain of the entered 
delivery date is as accurate and as close as possible to the actual delivery date. 

10.1.1 Implications to an Order when the Customer Changes the Pre-Determined 
CDD 
Consider the following; imagine that the customer and HP have an agreed upon CDD. The order 
is released and thus locked in a production block. The customer is certain of his CDD. Eventually, 
for some reason, the customer initiates a change of the CDD, to which HP agrees. Since, the 
original CDD should not be updated, the new set CDD must have an indication that the customer 
initiated the change, so that HP cannot be held responsible for a later delivery date.  

To clarify the example, imagine that the CDD is set to March 15th (see Table 10:1). Later the 
customer wants the goods to be delivered on the 18th, to which HP agrees. The problem 
surrounding the measurement of the delivery precision is that HP has planned to deliver on the 
15th, and if no notification of that the customer has initiated the change, it will look like the 
delivery was not delivered on time, and thus, a lowered delivery precision ensues.  

Note: if an order was to be delivered on or before the initial delivery data, it is considered as 
perfect. 

 
Table 10:1. An illustrating example of when the CDD is changed by the customer 
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10.2 Timestamp in Terminal 
Regarding the issue of Timestamp in Terminal, the delivery date to terminal (ATD) is determined 
by the CDD, and since the CDD today frequently is changed, so is the ATD. However, the ATD 
does not tell much of which date the goods shall leave the terminal. It only indicates  when  “the 
goods should be at the terminal and be ready to load onto the next transport unit“.  To solve the 
problem with the timestamp, one must consider two matters first. First, occasionally, orders that 
do not have a CDD date, implies  that  the  “customer”  must  be  seen  as  to  be  in  the  terminal,  thus  is  
the ATD (set by the initial CDD determined) fulfilled and the order is correct. Second, in regards 
to the orders that are given an I-CDD; the only possible way to measure if the CDD is fulfilled is, 
if the customer has the goods in time, (consequently a measurement of when the customer 
receives the goods must be done). A possible way to solve this issue is with the help of the 
customer. Either, the customer can log on to a homepage (such as holmen.com/delivery) and fill 
in if the goods were received according to what was agreed upon, or the transporter can demand a 
quittance on a Personal Digital Assistant (PDA) when the goods are delivered. Following this, the 
data   is   uploaded   to   HP’s database. Naturally, for orders that are of customer type, (requiring 
transshipment in a terminal), the same line of thought as mentioned above must be implemented.  

10.3 Accepted QT 
Once an order is received, the order contains, among other things, terms of quantity tolerance. As 
described earlier, an order can have a QT determined in tones or in reels. When measured in 
tones, the GTR agreement is used and when measured in reels, the amounts of reels are measured. 
Problem with this, is that orders small in volume, 1-5 tones, often are determined to be delivered 
according to the GTR agreement (see Table 9:3). The terms of GTR for such orders can 
differentiate as much as 10%, which is much if you should have an order of large quantity but not 
enough for little ones (e.g. 1-5 ton).  

This problem comes probably from that all reels delivered are produced on tambours that are cut 
into smaller reels. The tambour is therefore satisfying many orders at the same time, but the 
tambours can only be rolled up to one length for the whole tambour (the machine does not stop 
until the length set for the tambour is produced). Therefore, when the reels are cut from the 
tambour, they all have the same length, no consider given to the differences in the order data. This 
leads to that small orders (1-5 ton) can differentiate in percentage of ordered volume in tones 
when made. However, this is done nothing about, due to that the staff does stop the machine and 
cut of the paper just to satisfy one order. Therefore, reels orders can be either to great in volume 
or too small in volume. This problem causes the delivery precision to become unnecessary low for 
those small orders and it effects the whole KPI. According to HP are they going to enter a market 
where small orders are more common, and therefore, this precision needs to be better adjusted to 
the circumstances of the production. No direct proposal to answer how this should be solved is 
presented, because of the lack of time to investigate the problem more in detail.  

10.4 Claims 
Regarding the issue Claims, the number of claims not reported is believed to be a relatively large; 
naturally, this affects the delivery precision. If nothing is reported, the order is considered from 
HP’s   perspective   as   perfect,   even   though   the   customer   did   not   see   it   that   way.   To   grasp   this  
problem, HP must encourage their customers to report every time when they are not satisfied. 
This creates an opportunity for HP to correct the problem, and ultimately, satisfy the customer, 
instead of just seeing customers move away from the company for no reason. 
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10.5 Delivery Precision Model 
Since not all data were to be found in one ProDiver model, the data parameters presented in this 
section are those that ought to be merged into one unified model solving the issues ProDiver 
Models and Synchronizing the Data. If this were to take place, the complexity in calculating the 
delivery precision would decrease significantly. 

The elements in 10.5.1 will be used to synchronize the data, in order to utilize POF and POI 
theory.  

The parameters in 10.5.2 - 10.5.4 should be used to calculate the delivery precision. 

The sub groups in 10.5.5 should be seen as levels on which HP in the future should base 
evaluations of the delivery precision on.   

10.5.1 General Elements 
Completed Orders 
One must know if the order has been seen by the systems as fulfilled, thus meaning that no more 
goods/products will be needed to satisfy the order. 

DOD  
Orders that are of the Delivery on Demand (DOD) type need to be sorted. This due to the fact that 
DOD orders are produced according to Make to  Stock  (MTS),  and  they  may  have  other  KPI’s  that  
can be of better use than delivery precision (such as Time as Inventory).  

ON/TN 
The order number (ON) needs to be collected because the delivery precision is calculated on an 
order level. (Orders that may have been divided into smaller parts, the Transport Number (TN) 
must also be extracted).  

Transfer or Customer Order  
The data needs to be collected in order to separate transfer and customer orders. 

10.5.2 Time Elements 
CDD, ATD & Arrival Date  
CDD and ATD must be provided for each order. The ATD and the CDD need to be what 
originally was agreed to by the customer. If the order was changed, the responsible party for the 
change needs to be provided. The actual arrival date to terminal or customer (not yet available) 
would also need to be provided.  

Exmill Date and DN Date 
The DN date needs to be connected to the Exmill date in order to be able to see if the order 
departed from the mills on time. This further requires that the Exmill date needs to be based on a 
date that is agreed upon earlier (the Exmill is set by the system as it counts backwards from the 
original CDD), and if changes have occurred, it should be noted whose initiative was it. 

10.5.3 Quantity Elements 
QT and Delivered Quantity  
The QT needs to be connected to the actual volume delivered, since the QT can be specified in 
either reels or tones. Furthermore, if the delivery was in tons, the model has to consider 
differences in the GTR agreements.  

10.5.4 Claim Elements 
Damages 
All damages need to be reported into ProDiver in some way. Furthermore, the data must be linked 
to the different ONs. This has to be done for all orders (i.e. customer and transfer orders). 
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Quality of the Paper  
All issues regarding the quality of the paper need to be registered in ProDiver, and connected to 
the ONs. This measurement will only be available at customer since there is no quality control in 
when the orders are transshipped through a terminal.  

10.5.5 Sub Groups 
To analyze the delivery precision, diverse parameters have been identified as useful. These 
parameters can describe and illustrate the delivery precision from different perspectives. The 
parameters will furthermore provide HP with an understanding of where to start when they are 
improving the delivery precision. The parameters will additionally give HP an improved 
knowledge about how various decisions contribute to the delivery precision. The parameters are 
described below. 

Transport Mode 
Transport modes consist of Rail, Road and Vessel, one for each type of transportation used by 
HP. This group can describe how the transportation can interfere with the delivery precision. The 
measurement has; nevertheless, a problem in that express orders (carried out with lorries) are 
depicted as road. Additionally, since express orders are most often utilized as soon as HP 
recognizes the original transport mode would not reach its delivery time, the express orders may 
be reported as an individual group. 

Product Group  
The product group is identified due to the need to differentiate products from each other. Here, all 
orders of the DOD type are excluded, since they have an MTS- logistic chain, which is contrary to 
the products that ought to be measured (where all products should be of an MTO- logistic chain). 
Further, the group will depict if some products have more or different problems than other 
product groups. 

SO  
One of the parameters of measurement should be for all of the different SOs. This group is useful 
since it reveals if there are some SOs that has a low, or an unnecessary high delivery precision, 
(which come with increased costs, see Figure 4:5). A low delivery precision can be the result 
when the lead time has shifted but has been not updated in CUPS (ERP -system). Furthermore, 
analysis  can  determine  what  to  do  to  improve  HP’s  performance  of  an SO. The SO group can be 
divided into specific market areas, if HP thinks that is a better alternative instead.  

Mill 
The delivery precision will also depict the parameter mills, to be able to see if there are any 
significant differences, since they produce diverse product groups. The thesis does not include the 
mill in Madrid, but it can be useful to have a unified delivery precision model for all the 
producing units.  
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11 Conclusions 

Presented  below  are  the  authors’  conclusions  regarding  delivery  precision  at  HP.   

As presented in the initial chapter of the thesis, the purpose has been to: 

“The purpose of the thesis is to determine how the KPI delivery precision ought 
to be measured in  Holmen  Paper’s  supply  chain.” 

The  thesis  studied  HP’s  supply  chain,  in  order  to  find  a  solution  of  how  HP  could measure their 
delivery precision, and thus, in the end, make their supply chain more effective in the future. In 
the thesis, the POF and POI are both utilized; however, with adaptations made. The POF and POI 
could  both  represent  HP’s  delivery  precision,  but  with  different  accuracies. 

The POF measurement has an advantage because it can depict relationships between the time, 
quantity and quality of the different parameters, however, it requires more effort to synchronize 
all data connected to an order, in relation to calculating the POI. The POI gives only a statistical 
value of the delivery precision of the different parameters. It does not have any connection to 
other data, and the parameters of time, quantity and quality does not need to be connected (hence 
making it easier to measure (see section 8.3)).  

According to literature, the perfect order consists of four parameters; time, quantity, 
documentation and quality. In the thesis, the parameter regarding documentation was rejected, 
leaving only three left to measure, since HP solely wanted to measure the accuracy of the delivery 
chain and assumed that the documentation was right for goods being sent. This metric was 
ignored in dialogue with HP, since they wished for the thesis to focus on the flow of goods. 

At  the  initial  stage  of  the  thesis,  a  great  deal  of  time  was  spent  on  studying  HP’s  supply chain, and 
especially, the delivery of goods to their customers. This was followed by potential metrics that 
could be defined and assessed, to allow the proper depiction of the delivery precision. A 
validation of the input data (of metrics assessed), showed that it was impossible to calculate a 
reliable and accurate value for the delivery precision (neither through the POF nor the POI). This 
was mainly caused by unreliable delivery dates in the time metric (see section 9.4). According to 
Figure 4:7, the customer is given a delivery lead-time at the order inception. Later, when the order 
is delivered, the customer and the supplier can see the actual lead-time. The difference between 
the original lead-time and the actual lead-time is referred to as “lead-time variation after order”. 
Even though, this lead-time should be constant, it is commonly altered, hence the inclusion of the 
word ”variation”. Ideally, the delivery lead-time would be measured against the promised lead-
time, which usually is not a problem. However, it was found that the promised delivery date to the 
customer frequently was changed. When HP, for example, had a delay in production and realized 
that the delivery lead-time was not going to be fulfilled, the customer was contacted in order to 
get their approval of a new delivery date. How reliable would the time metric be, when the 
mutually agreed upon delivery date was frequently changed, and the data of the initiator of the 
change was not saved? Simply, zero.  

A solution to solve the above-described problem is to record the personnel that initiated the 
change every time the delivery date is altered. With the data obtained, HP can then sort the orders 
in regards to the responsible party for the delivery date change, and company-altered orders could 
be distinguished from the orders that were changed by the customer.  

When measuring the delivery precision at HP, the parameters were hard to quantify. The metric 
concerning time (i.e. actual departure date in relation to planned), was in practice not possible to 
calculate down to a reliable value, as described above. The thesis then shifted focus to give a 
solution to the problem, and with further discussion, it lead to that the best way to determine a 
delivery date, which was to compare the actual delivery date against the date when the order was 
released to production by the sales office (see section 10.1). The thesis did also make note that 
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orders of small quantities often did not fulfill the QT. Therefore, it is suggested that QT for such 
orders should be further investigated (see section 10.3). It was also established that in order for 
HP to accurately measure the POF, they need to integrate all the claims into CUPS, so that all 
orders can be connected to the original order number. To calculate the POI, the level 2 metrics 
can separately be calculated (thus not connected to the ON), so that is not needed. Furthermore, it 
is suspected that the estimated numbers of unknown claims are of a big proportion (see section 
10.4). 

HP has, as it is today, a tough economic situation, and thus, they need to do the right investments 
if they want to stay in the business. Furthermore, they also have a disadvantage, in addition to 
many of their competitors, in that they are relatively far from the market, thus setting the logistic 
in focus, which they need to be better at than the competitors Seen from HPs’  perspective, it is a 
“must do situation”,   because   there   is   an   overcapacity of producing units in their main market. 
Since the electronic media is occupying more and more   of   the   end   customers’   time,   the 
overcapacity will remain until one or more companies fall into bankruptcy. 

Having control of the delivery precision should lower  HP’s  costs,  because  of the possibility of a 
lowered inventory level, and a better reputation among new customers, possibly results in new-
signed agreements and thus, additional revenue.  

To see how much money actually can be saved, one needs to look at the production and delivery 
chain. The production is planned in production cycles; this because some types of paper cannot be 
made after other types of paper have been produced in the machine. Every new production cycle 
starts with maintenance of the machine. To have the production in that way makes the inventory 
for finished goods large (unless the SO can make the customers to choose CDD after the 
production block is placed, and the production planners can manage to match the production in 
the production cycles). However, the money that can be saved when measuring the delivery 
precision, is found in how close in time the HP’s   inside sale personnel dare to set the CDD in 
relation to the production date, and still promise that the order will be delivered on time to the 
customer. Since the production is cyclic, the inside sale personnel can indicate that the customer 
needs paper in an earlier production cycle, than actually needed, due to the unreliability of the 
logistic chain.  Hence, the products would be placed in an inventory much earlier and longer than 
needed. Thus, the total inventory level for finished products is much higher than necessary.  

It is concluded that measuring the delivery precision is an important task for HP.  In the future, 
HP should aim to calculate the delivery precision according to POF.  Until this can be done, the 
theory of POI can be utilized. Furthermore, it is advised that HP should invent other logistic KPIs, 
which would better measure performance of the personnel. These KPIs should be designed to 
guide the operators to make the right decisions for the whole supply chain, in order to make it as 
efficient as possible.  
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Appendix  

Appendix 1 
 
Depicted to the right, the survey, which was sent 
out to the SOs. The questions to answer were: 
 
 

1. Sales Office 

2. Date the order was changed 

3. Customer 

4. Old Exmill date 

5. New Exmill date 

6. Change initiated by 

a. Holmen 

b. Customer 

7. Will the requested CDD be exceeded? 

a. Yes, CDD is moved back in time 

b. Yes, CDD is forward in time 

c. No 

8. If the previous answer was No, was the  

transport mode changed in order to meet the 

requested CDD? 

a. Yes 

b. No 

9. Reason for deviation 

a. Unplanned stop PM 

b. Change in production planning 

c. Transport capacity not available 

d. Customer changed delivery date 

e. Produced paper rejected 

f. Other 
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Appendix 2 
The figure below shows that only one date could be used when deciding if the order did departure 
from the mill on time, even though another Exmill date did exist. Thus, there was no way to 
connect a specific DN date to a specific Exmill date. 
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Appendix 3 
Presented below is the record sheet for the KPI delivery precision. 

Title Description 

KPI Name Delivery Precision 

Purpose To  investigate  HP’s  delivery  precision  along  the 
chain of supply to their customers. 

Possible Target 95-98% fulfillment 

Method of Capture The data is captured from ProDiver                                                   

Qualitative or Quantitative data Quantitative data 

Affected KPIs Days of Inventories, Profit, Sales 

Frequency Monthly 

Formula 𝑷𝑶𝑭 = 𝑵𝒖𝒎𝒃𝒆𝒓  𝒐𝒇  𝒑𝒆𝒓𝒇𝒆𝒄𝒕  𝒐𝒓𝒅𝒆𝒓𝒔
  𝑻𝒐𝒕𝒂𝒍  𝒏𝒖𝒎𝒃𝒆𝒓  𝒐𝒇  𝒐𝒓𝒅𝒆𝒓𝒔 ∗ 𝟏𝟎𝟎  % 

Deviation Handling Deviation handling plan is given by O&L 

Responsible Owner  The production and logistics planning manager has 
a great influence on the KPI 

Undertaken by Employees at O&L 

Comment The financial aspect of improving the delivery 
precision is not considered  

 
 
 

   


