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Abstract 
In this master thesis the integration of the production and distribution of physical mail is 
investigated. This project is executed at ING and considers their major stream of mail, the transaction 
transcripts. The generation and scheduling for production of these types of mail is plannable, but has 
constraints given by their different frequencies. The distribution process is one with fixed delivery 
moments, with different lead-times, depending on the postal company chosen. The main objective is 
the minimization of the weighted average lead-time resulting from both production and distribution. 
To do so an integrated schedule of production and outbound distribution is developed. The 
optimization is done in Matlab, after which the results are implemented in Excel. Using the model, 
additional alternative scenarios were tested in order to evaluate the effects of extending capacity 
and different prioritizations. The study shows that only the integration of production and 
distribution, without extra investments leads to an improvement in lead-times for ING. Furthermore, 
this study adds to the body of research of integrated production and outbound distribution systems 
(IPODS) especially on the topics of tactical scheduling with perishable products with different 
frequencies and fixed delivery schemes.  
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Management summary 
The most important aspects of the production of mail are costs and customer lead-time. The 
transaction transcripts are high volume, time-dependent pieces of mail that show information that 
becomes, outdated in short amounts of time. About 25% of all bank account holders receives them 
and although they’re volumes are decreasing by 10% every year, especially to older people it is an 
important service. Cost reduction and lead-time reduction, two seemingly counterparts, set the 
background to search for efficiency, optimization. The ultimate goal is to process everything within 
ING in one day, and this is now to be applied to Document Management and the Mailingcentrum, the 
departments managing and producing the physical mail. However, the Mailingcentrum faces great 
fluctuations in work input that prevent the achieving of the TiTo goal, as workload piles up in the 
beginning of the month and is very low at the end of the month. Moreover, costs have been reduced 
by contracting a different distributor that has a schedule that greatly influences the mail’s lead-time, 
as they only pick up and deliver the mail twice a week. However this has not yet been fully 
incorporated in the production schedules, which lead to longer lead-times. Especially high frequent 
transaction transcripts are sent with too long lead-times and they should get more priority. Since the 
transaction transcripts account for the highest volume, 78% of all sent mail, and have a standard 
production and are plannable, the current scheduling of the transcripts causes the main capacity 
fluctuations and by better integration with the distributing postal company the customer lead-times 
can be reduced. This leads to the research question: 

Design a model that optimizes the generation of the plannable transaction transcripts and integrates 
production and delivery schedules for the plannable transaction transcripts, to minimize customer 
lead-time, while taking into account capacity usage, distributor selector and prioritization based on 
the frequency. 

In this supply chain, there are four actors of which the Document Management department is the 
primary player, controlling most of the operations by scheduling the generation, production and 
distribution of the transaction transcripts. Production is a flow shop of two stations: printing and 
enveloping. The batches of transcripts arrive each morning at 6:00 in the print queue of the 
Mailingcentrum for production. They can be viewed as make-to-order products, as they can only be 
produced after their specific content about transactions is retrieved from the IT-systems, and cannot 
be made in advance or stocked. After production at the Mailingcentrum, a contracted 3PL postal 
company delivers them to the customer. 

In total there are 5 types of transaction transcripts that are planned by their SLAs and they represent 
72% of total volume of transcripts. For each type there is a separate SLA that contains the exact 
schedules for arrival, production and distribution. The SLA is an agreement between DM and an ING 
BP. For each type of transaction transcripts the SLA plans the weekly, 2-weekly, monthly and 
quarterly transaction transcripts and provides forecasts about the amount of addresses per batch per 
type of transcripts. The forecasts are very accurate and the sizes of the batches of transcripts 
relatively constant. However, they do not take into account production capacity at the MC and the 
workload varies greatly with over 20 days overloads ranging up to 215% of daily capacity in the 
beginning of the month, while also underuses of up to 20% occur after ¾ of the month. This while the 
average capacity is about 64% and 70% for the two successive production stations and therefore 
should be no issue. The biggest problem arises when SandD’s pickup schedule as 3PL distributor, is 
incorporated. Their pickup moments on Tuesday and Thursday only leave 7 hours for production 
before the pickup moments on those days. For the bottleneck, enveloping, with 3 allocated machines 
the peak now becomes even higher, almost 300% of capacity. As enveloping can also only start after 
printing has printed other more priority material first, it is best to already print jobs the day before, 
so enveloping can start straight away in the morning. TiTo production wouldn’t allow this, so it’s 
either no TiTo production or starting enveloping later or buying an extra printer to bypass the other 
more priority material. 
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The current scheduled lead-times from generation until delivery at the customer range from 
minimum 1 to maximum 12 days, with a weighted average of 6,05. A lead-time of 1 day can only be 
achieved by TiTo production and contracting PostNL, while for SandD 3 days is the minimum, which is 
only achievable with one-day (TiTo) production offering the mail on Tuesday before 17:00. The 
maximum lead-time of 12 days is high as there is lots of waiting time in production and several types 
of transaction transcript standardly miss one or two subsequent moments of offering to SandD, 
creating long lead-times. Furthermore some less frequent transcripts are scheduled more effectively 
than the higher frequent, which is the inverse of the desired prioritization. 

The rescheduling of the batches of transaction transcripts would allow integration with the 3PL 
postal company’s pickup schedule. Especially considering SandD’s delivery schedule, lead-time 
depends on the day the batches are offered to SandD’s pickup moment. Missing a pickup moment 
increases total lead-time by at least three days. 

The in this research created mathematical programming model optimizes the tactical medium-term 
planning, integrating both production and distribution. This model schedules the arrival of all batches 
of the plannable transaction transcripts each day over a month, while forcing the arrivals into 
timeframes optimal for production towards the distribution schedule, so pickup moments will not be 
missed. One of the main aspects is to constrain the daily arrivals to the daily capacity levels. 
Furthermore the model takes into account the frequency of the transcripts and can prioritize the 
more frequent ones based on a user given prioritization weight. Lastly all batch sizes, production 
rates and capacity can be changed to run alternative scenarios. 

The model is developed in Matlab as this software is well known for its optimization solutions and 
finds solutions in times ranging from seconds to about one or two minutes. The optimized schedule is 
then incorporated in an Excel tool to show the planning by graphs and gives the appropriate 
performance measures. The excel tool is easy to use as parameters are changed easily and the 
schedule is easily adjusted by hand. 

Using the mathematical model to find the optimal scheduling, the months November and January 
were analyzed. November was used as reference to a normal month, while January was optimized to 
test the model to the most critique situation. For November, the average weighted lead-time can be 
reduced from 6,04 days to 5,07, a reduction of 16%, while for January a reduction of 14% from 6,28 
to 5,41 days lead-time is realized. Not all types of transaction transcripts benefit initially, as the 
weekly and 2-weekly transaction transcripts worsen. This can be done without extra costs. Moreover 
the average weighted lead-time can even be reduced more to 4,75 days by changing the 
prioritization weights, beneficial to the savings batches but on the expense of the lead-times for the 
commercial payments batches. Though by changing the prioritization weights, a trade-off can be 
made and an alternative was found where all types of transcripts gained improvement in lead-time, 
yielding an average weighted lead-time of 5,14, an overall reduction of 15%. 

The model was then used to analyze optimal solutions under different parameter settings, changing 
the capacity by adding machines and nightshifts and investigating PostNL’s distribution. The analysis 
showed that any further reduction of the average weighted lead-time would require extra costs for 
nightshifts or even investments in extra machines to extend the capacity. Choosing nightshifts would 
be more cost efficient. This would however naturally reduce the utilization rate, which raises the 
question if this is prudent, although that is ING’s decision. The minimum lead-time (given the choice 
for SandD as distributor this is an average weighted lead-time of 3 days) can be achieved in a 
situation with 11 printing machines and 20 enveloping machines. The comparison with PostNL shows 
that choosing PostNL would then be more cost and lead-time efficient, resulting in the absolute 
minimum lead-time of 1 day, being 20% less expensive. On the other hand it is also possible to 
reduce lead-time by 14% and possible save costs by optimally scheduling the production using 1 
enveloping machine fewer, though including nightshifts. 
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The implementation of the new schedules can be done right away by changing the SLAs. As the batch 
sizes and SLA scheduled are quite constant over the month, changing the schedules once and only 
adjusting them little each month would already yield a big improvement. This can be done in the 
created Excel tool, without the need for an optimization program. The creation of SLAs is a task now 
executed by multiple order managers. Creating one integrated schedule can be done by at maximum 
two of them, jointly with the planners at the Mailingcentrum. The planners at the Mailingcentrum 
should do the input and maintenance of the parameters, as they have the most input data. However, 
to continuously optimize the schedules under changing circumstances and to be able to optimize 
future scenarios, an optimization package should be acquired. Matlab would cost € 3.500 once, but is 
difficult to learn and program for non-specialists. Opensolver as excel add-in is free but needs to send 
data through the Internet to and from a distant solver, which can lead to security issues for the bank, 
though running it on a separate machine can be a good solution. Moreover professional packages 
like AIMMS can be acquired, although these are costly, about € 15.000 one-time purchasing costs 
and a € 1.500 annual fee. 

Based on this the following recommendations are presented: 

 The first and foremost recommendation is to implement the developed model and change 
the current schedules to one of the optimal proposed schedules. This would lead to a 
reduction in average weighted lead-time of about 14%, depending on which alternative is 
chosen. The results is only achieved by an optimized schedule, without changing any of the 
input parameters and without extra costs incurred. 

 Based on the analyses of the model, it is further recommended to choose and implement 
alternative 2.8 given in the sensitivity analysis in section 7.1. Although this alternative only 
provides a reduction in average lead-time of 14% opposed to the maximum reduction of 
22%, in this scenario the average lead-times for all types of transactions are improved. 
Moreover the most frequent weekly batches have maximum lead-times of 4 days. 

 Then to maintain optimized schedules, a recommendation is to create a separate and 
secured environment or computer station that is allowed to run the Opensolver software 
add-in for Excel, as this is a free to use add-in, which is able to solve the model in minutes. 
Other optimization packages, such as Matlab, probably yield better results, but are more 
costly. Because the scheduling problem considered is quite static, having the same planning 
for multiple months and quite constant volumes, after implementing the new schedule once, 
there is less added value as the problem environment does not change much. The added 
value of an optimization package would be the ability to optimize every time when new 
circumstances occur. 

 Then a recommendation is to create a task of considering all the SLAs together, and appoint 
this task to one or two employees, who get the authority to change them. In the current 
situation order managers do all this separately, without a good overview of the total picture. 
This overview is apparent to some extent at the planners at the Mailingcentrum, but the 
planners can only accept and reject schedules and do not have the contact and authority to 
change them, although they have most knowledge of the production. 

 Then for the generation process of the transaction transcripts a recommendation would be 
to batch the different frequencies per type of bank account separately in their arrival to the 
Mailingcentrum, instead of batching all frequencies per type together. This is for two 
reasons. Firstly, in this way, the actual volumes per frequency per type can be tracked better, 
giving opportunity to greatly improve the forecasting on the individual batch sizes as the 
actuals per frequency will be known. In the current situation only the actual arrival volume 
for the whole batch with all the frequencies is known, but not the amounts of the 
frequencies that constitutes it. Secondly, at the Mailingcentrum it will become easier to give 
priority to more frequent batches if needed when time is short. 
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 The last recommendation is that if the total model becomes infeasible due to capacity 
problems, it is possible to leave all the saving batches out of the optimization. The model can 
then be applied to the payments transcripts that have more priority. 
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1 Introduction 
This chapter will provide the context where the project is executed. It starts with a brief description 
of the company, ING, with a closer look at the Document Management and Mailingcentrum 
departments where the project is executed. Then recent company developments are presented, 
providing the initial motivation of this research. These will lead to the main research assignment, 
followed by the scope and scientific methodology used. The last part describes the structure of the 
rest of the report. 

1.1 Company description 
This master thesis project takes place at ING, having its Dutch headquarters in Amsterdam. Central in 
this project is the planning and production of physical mail, which concerns ING’s Document 
Management department in Amsterdam and the Mailing Centrum production site in Leeuwarden. 

1.1.1 ING group 
ING Group N.V. is a worldwide financial institution, offering financial products and services. The bank 
has a long history originating from Dutch banking and insurance institutions dating back to 1845. 
Through mergers and acquisitions ING Group now has leading positions in Northern European 
countries such as the Benelux, Germany and Poland and is present in other European including Spain 
and Italy, but also Romania and Turkey. Worldwide the ING group has established positions in 
developed markets such as the US and Australia and has strong franchises and connections through 
an extensive network of more than 40 countries, including China and India. (ING, 2014) 

ING Group serves customers ranging from individuals, small and medium-sized businesses to large 
multinationals, international institutions and governments. Globally the company employs over 
55.000 employees, while having its headquarters in Amsterdam. ING Group serves 33 million 
individual customers and businesses worldwide, realizing a net result of 3.2 billion. ING shares are 
traded at the Euronext stock exchange in Amsterdam and Belgium and NYSE in New York. (ING 
Annual reports, 2014) 

1.1.2 ING Domestic Bank NL 
ING Domestic Bank NL (ING) is the Dutch branch of the ING Group, covering the banking activities in 
the Benelux. In the Netherlands ING is one of the dominant banks, serving 8.1 million individual 
customers and 600.000 businesses. In total the Dutch bank offers about 950 different products, 
having yearly sales volumes of 800.000 products. Products fall into two categories: retail and 
commercial banking and include payment accounts, lending, mortgage loans, leasing, investment 
accounts and services and corporate and commercial finance.  

Figure 1: ING global activities 
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ING has its headquarters in Amsterdam, and main offices in Leeuwarden and Arnhem. In addition to 
this, ING has over 250 local offices and 360 service centers located all over the country to service its 
customers personally. Most customer contact however is through its website with over 1 million 
customer requests every day. Its Internet service called Internetbankieren is used by a total of 5.5 
million customers. Lastly, in 2011 ING launched its mobile app, so customers can easily manage their 
bank accounts real-time, using their smartphone. Since then, the number of users has increased to a 
total of 2 million and in 2014 research agency WUA! Proclaimed the app the best mobile banking 
app. Along with the trend of digitalization in the past ten years, ING has increasingly concentrated its 
processes to be online or in-app, increasing the ease of use of ING’s products and services, while 
significantly decreasing the processing times. Despite the trend of digitalization, still over 2.5 million 
account holders regularly receive balance updates for their accounts. Including the rest of all 
outbound physical mail, ING sends around 90 million letters to its customers every year. A broader 
discussion on the market for physical mail follows later on. 

1.1.3 Document Management and the Mailingcentrum 
As mentioned earlier, this project focuses on the production and distribution of physical mail from 
ING to its customers. In this section we will therefore describe the departments at ING that are 
responsible for all tasks related to the creation, planning, production and distribution of physical 
mail. At ING this concerns Document Management (DM), responsible for all strategic decisions 
concerning inbound and outbound mail and its sub department the Mailingcentrum (MC), where the 
actual production of outbound physical mail takes place and where delivery to the customer starts. 

Firstly, Document Management (150 employees) is responsible for the management of the complete 
supply chain and development of solutions of all incoming and outgoing mail, both digital and 
physical. Primarily the activities related to the management of outgoing physical mail at DM mainly 
consist of: 

 Managing new requests for mail production coming from ING internal business partners (ING 
BP), including the design and formatting for production.  

 Managing the medium-term planning of plannable periodical mail (periodical policies and 
account transaction updates). Besides minor formatting issues, this mainly consists of 
maintenance of the service level agreement (SLA) with the ING business partners on the 
schedules for generating periodical mail batches. 

 Management of information systems and templates used to automatically generate mail to 
be sent to and produced at the Mailingcentrum. 

 Managing which 3PL postal company is used for delivery of each type of mail and managing 
the contracts and volumes with the 3PL postal companies. 

At the ING Mailingcentrum (MC), located in Leeuwarden, 80 employees work together realizing the 
actual production of all outgoing pieces of mail to both retail (individual) and commercial (business) 
customers. Activities at the Mailingcentrum consist of: 

 Formatting mailings and templates for mechanical production. 
 Planning and scheduling of production of the mail batches, according to either (1) forecasts, 

(2) accepted mail orders from ING business partners and (3) schedules for periodical mail 
batches. 

 Capacity and workforce planning at the Mailingcentrum. 
 Actual production of physical mail. Typical tasks are: (1) printing and (2) mechanical 

enveloping (3) cutting, (4) folding, (5) book making, and (7) manual enveloping and 
packaging. 

 Offering produced mail to the correct 3PL postal company, corresponding with the delivery 
choice of the type of mail batches. 
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The total production volume at the Mailingcentrum almost touches 90 million letters a year. These 
letters consist of a total of 226,4 million printed pages over the year 2014. In total five main different 
types of mail products are distinguished, depending on the source of origination and purpose. The 
different types are the transaction transcripts, letters as processed output from customer requests, 
mailing requests from business partners and direct (special) requests and supplements. Figure 2 
shows their relative volumes. 

 

Figure 2: relative mail volumes in addresses and pages over 2014 

Firstly the transaction transcripts represent the highest volume (78% of all addressed letters) and are 
mainly standardized and automated. The name transaction transcripts refers to all types of 
periodically sent mail, containing information updates for the customer. They are specially formatted 
to be mass-produced on high-speed printers followed by high-speed mechanical enveloping. 
Contrary to most other types of mail, most of the transaction transcripts are plannable as they are 
generated by scheduling the IT-systems to gather information create the mail items. This is done in 
service level agreements that contain the schedules for each month. Then the process dependent 
letters (9% of addressed letters) originate from an external customer request and therefore their 
numbers cannot be planned. Like the transaction transcripts, their arrival is mainly automated and 
they arrive in about 50 smaller batches. Their production consists of printing and enveloping, but 
they run on different machine as the transaction transcripts, because the process dependent letters 
have lower volumes and higher variability in templates and therefore have not been formatted for 
high-speed production. As for distribution, PostNL distributes the process dependent letters. The 
other types of mailings (commercial mailings, direct requests and supplements) represent less than 
14% (9% commercial mail, 4% direct requests and <0% supplements) and are not standardized types 
of mail. Their production is highly dependent on the request, and these types of mail come in many 
different requirements in terms of printing and enveloping machines, paper and envelope formats, 
while also production steps such as cutting, folding and manual enveloping occur.  

Figure 3 shows the main tasks, involved departments and their connections in the production chain 
for physical mail. In addition to Document Management and the Mailingcentrum, also the external 
customer, the ING business partners (internal customer) are included, as mail originates from their 
actions. The last link in the chain is fulfilled by the third party logistics providing (3PL) postal 
companies. Depending on the extent of automation, the production chain of a piece of mail can also 
include the design and formatting of the letter or the template for the letters. 
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Figure 3: supply chain for physical mail 

Although volumes for physical mail are declining, it is still an important service for ING’s clientele and 
about 25% of the bank account holders receive it. The most important aspects of the production of 
mail are costs and customer lead-time. Customer lead-time is the time from the generation of mail 
until delivery at the customer, consisting of production lead-time and delivery lead-time. In this light 
the main trend within Document Management and the Mailingcentrum is a constant search for 
efficiency, optimization and cost reduction, while increasing customer satisfaction by redesigning its 
processes to decrease lead-times for mail. However, without efficiency gains reduction in lead-times 
for production requires investments.  This is because to increase throughput rates, either capacity 
should be expanded permanently or its flexibility should be increased. Secondly, lead-time for 
distribution depends on the 3PL postal company service chosen for delivery. This also greatly 
influences the customer lead-time, but here it also applies that services with short delivery lead-
times are more costly. There are two major causes at DM and the MC leading to this research: 

 One of the main strategic pillars at ING is zero day lead-time, also referred to as Today in 
Today out (TiTo). DM and the MC also want to be able to produce all daily arriving mail 
batches that same day, reducing production lead-times by eliminating overnight waiting 
times. Furthermore, in line with other operations at ING, DM and the MC expect that a TiTo 
target works as a good incentive to produce faster. However, in the current situation this is 
not possible, as there are heavy fluctuations on workload input ranging from 20% to 300% of 
capacity on a daily basis. TiTo production would require large capacity investments or 
different scheduling of the workload. 

 To save costs spent on delivery service, the weekly and less frequent transaction transcripts 
are sent with a less expensive 3PL postal company, though with longer lead-times. Since June 
2014 PostNL was replaced by SandD’s service. PostNL has delivery services of 24 and 48 
hours and pickup moment every workday, while SandD only has two delivery moments each 
week and delivery lead-times of 3 or 5 days, depending on the day of pickup. For DM this led 
to an enormous cost reduction, though at the expense of the delivery lead-time as these 
increased from 1 or 2 days to 3 to 5 days. Moreover decrease in the number of delivery 
moments, has made the connection between production and distribution more difficult, now 
incurring waiting time after production before delivery can take place. 

This project focuses on the production and distribution planning of the transaction transcripts as the 
above-described causes mostly apply them. Firstly, because they account for the highest volumes 
(78% and 85% in addresses and pages in 2014) and they have a standard plannable production and 
thirdly because they are now distributed by SandD, a 3PL postal company which only has two 
delivery moments each week, thus greatly influencing the customer lead-time. These factors give the 
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transaction transcripts the best opportunity to improve the daily capacity issues and decrease lead-
times. 

As mentioned before, the majority of the transaction transcripts is plannable as they are generated 
by running queries in the IT –systems to collect all the information and create mail batches that 
arrive at the mailing centrum. The queries are run according to a schedule, that can either be fixed or 
plannable. For instance daily transaction transcripts need to run every day and other particular 
transcripts are outcomes of fixed processes in the banks. However, the majority are plannable types 
of transcripts of which batch queries need to be scheduled multiple times per month, per quarter, 
per half year or per year depending on their type and frequency. For these plannable ones, the 
decisions about which query is run when are contained in medium-term schedules called service 
level agreements. For each type of bank account there is a separate SLA, which is managed by its 
respective order manager at DM and the product manager at the ING business partner.  

1.2 Problem definition 
In this section the main problem and its effects are described. An initial proof of their potential was 
already given in the research proposal and is further quantified in the current state analysis in 
chapter 3. Besides the description of the main problem, a cause and effect diagram is presented 
showing the connection between the causes and all the effects. The whole problem definition will 
lead to the research assignment in section 1.3. 

The main problem is threefold: firstly the suboptimal scheduling in separate service level agreements 
for each different type of transaction transcripts results in ineffective use of available capacity (20% 
to 300% of capacity on a daily basis). Additionally the choice for a different 3PL distributor for all 
these plannable transcripts results in a different distribution schedule with only two pickup moments 
in the delivery schedule.  

As mentioned earlier, most of the transaction transcripts are plannable, but there is no master 
schedule. Instead there are five different SLAs containing all the scheduling agreements separately. 
This and the fact that these schedules are made without giving regard to the capacity at the 
Mailingcentrum, results in highly fluctuating workloads (20% to 300% of capacity) and unnecessary 
overnight waiting times. Furthermore the choice for a different 3PL postal company for the plannable 
transaction transcripts, has saved costs, but has increased the lead-times, as SandD’s delivery 
schedule only consists of 2 pickup moments with lead-times of 3 and 5 days. Scheduling production 
on inefficient days and offering it the first moment could now lead to 7 days customer lead-times, 
worsening even up to 10 or 12 if the first pickup moment is missed. This has led to an overall increase 
in customer lead-times to 6 days on average, and cases where more frequent transaction transcripts, 
such as the weekly, have worse lead-times than less frequent ones, which is undesirable. 

A great deal of this problem can be solved by creating a master production schedule for the total 
coordination of the generation and release to the Mailingcentrum of all plannable transaction 
transcripts together. Another solution to reduce lead-times is the extension of capacity or going back 
to the old 3PL distributor, though these are questionable solutions taking into account the decrease 
in volumes and the desirable cost saving. For reference, however both options are taken into account 
in the sensitivity analysis. Taking into account the current capacity at the Mailingcentrum and 
leveling the input to the Mailingcentrum of all transcripts, an integrated schedule could avoid an 
overload of work, reducing unnecessary waiting time. Furthermore the schedule can integrate the 
3PL postal delivery company pickup moments and their resulting lead-times to actively prevent 
waiting times. Lastly, by creating an integrated master production schedule with all transaction 
transcripts the model should be able to incorporate prioritizations of some transaction transcripts, 
giving more weight to more frequent transaction transcripts in terms of lead-time.  
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Figure 4: cause and effect diagram 

1.3 Research design 
This section gives an overview of the research design of this thesis. The research design contains the 
project assignment and research questions, defines the scope of the project and discusses the 
validity and reliability of the project. Furthermore the limitations of this research approach are 
discussed. 

1.3.1 Project assignment and research questions 
The main problem is threefold: firstly the suboptimal scheduling in separate service level agreements 
for each different type of transaction transcripts results in ineffective use of available capacity (20% 
to 300% of capacity on a daily basis). Additionally the choice for a different 3PL distributor for all 
these plannable transcripts results in a different distribution schedule with only two pickup moments 
in the delivery schedule. This is translated to the actual research assignment. The research 
assignment is stated to provide the main objective of the project, together with the main research 
questions that we will find answers to by conducting the project. 

 

Within this objective we provide answers to the following research questions: 

1. What minimum lead-time can be achieved from an integrated production and delivery 
schedule for the different plannable transaction transcripts at the MC, under the current 
capacity and delivery decisions? 

2. What minimum lead-time can be achieved from an integrated production and delivery 
schedule for the different plannable transaction transcripts at the MC, adjusting the 
parameters capacity and the delivery decisions? 

Design a model that optimizes the scheduling for the all the plannable transaction transcripts 
creating an integrated Master Production and Delivery Schedule, minimizing customer lead-time. 
By integration take into account the capacity usage, distributor selector and prioritization based 
on the frequency. 
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3. What capacity is needed to produce the transaction transcripts in the current schedule 
with a lead-time of less than one day, in accordance with ING operation service’s TiTo 
strategy? 

4. What is the effect of prioritization based on the transcripts’ frequency, on their lead-
time? 

5. How can we relate lead-time to costs? 

Therefore, we will create a mathematical model that integrates the production with the delivery 
schedule and can be adjusted to optimize different scenarios, based on two main parameters. 

 Parameter 1, capacity in terms of machine production hours: 
o Machine capacity (additional machines). 
o Personnel capacity (overtime, extra shifts). 

 Parameter 2, choice of distributing 3PL company: 
o PostNL, fast and frequent delivery moments, but more expensive. 
o SandD, slower and less frequent delivery moments, though less expensive. 

1.3.2 Scope 
After stating the assignment for the project, this section defines the scope of the project. The project 
scope serves as a basis for the analysis and design phases, defining the features and functions to be 
fulfilled by the project. 

As mentioned earlier this project focuses on the production and distribution decisions of the 
transactional transcripts. They account for the highest volumes of products (78% and 85% in 
addresses and pages respectively) at the MC. Furthermore they are the main cause of fluctuations 
and are affected most by the choice for a different 3PL postal company. 

As not all transaction transcripts are plannable, the analysis of the current situation should give 
insight in the available freedom in the scheduling of them. The capacity use analysis should also take 
into account other types of mail that use the same machines, in order to define the available capacity 
for scheduling, preventing obstructions in their production schedules. 

The eventual goal is a model, to analyze the optimal schedules for all plannable transaction 
transcripts, the analysis should point out possibilities in terms of lead-time reduction, reduction of 
capacity usage fluctuations or costs.  

The model will be robust enough to provide the ability to test scenarios with different parameters 
ING considers, such as capacity increase or decrease, prioritization and choice for 3PL postal 
company distributor. For each scenario the model should minimize the total customer lead-time and 
clearly show the effects on it, while also stating the costs. In this way lead-times per scenario can be 
compared to the costs for the scenario, and the best scenario can be chosen. 

To do so we will create a mathematical programming model to optimize the medium-term master 
schedule for production and distribution. This schedule incorporates all transaction transcripts of 
bank accounts that are plannable. While most of the plannable transaction transcripts have to be 
scheduled weekly, bi-weekly or monthly, the model will focus on monthly production schedules and 
compare these to the current situation. Especially for these types, short lead-times are important as 
their information is more valuable to the customer and has higher devaluation over time. 
Furthermore in the current situation, the semi-yearly and yearly batches of transcripts have lower 
priority and are only used to fill the open spots in the production schedule. As the total capacity use 
on a monthly basis will not change, leaving them out of the scope for the problem will not effect 
their lead-times. 

Furthermore we need to give: 



8 
 

 Detailed analysis of monthly demand characteristics of the transaction transcripts. 
 Possibility of capacity extension in terms of machines and extra work shifts. 
 Analysis of customer lead-time and possibilities to meet the TiTo strategy. Here customer 

lead-time is defined as the time between generation of the batch of transcripts and the 
moment of arrival at the customer. 

 Creation of an optimal master schedule of the generation of the plannable transaction 
transcripts. 

 Taking into account mechanical production of the transaction transcripts, consisting of both 
printing and enveloping steps. 

 Incorporating distribution decisions on and lead-times resulting from the pickup and delivery 
schedules of both 3PL postal companies. 

Main limitations of this research: 

 The analysis is based on past production requirements. We assume that there are no 
problems with other types of mail that would make use of the same type of machines as 
allocated in our model. 

 Based on our analysis we assume that generation of batches always follows the SLAs. 
Furthermore we assume deterministic batch sizes and production rates, based on the 
forecasts. This assumption is backed by an analysis on forecasts vs actuals in November and 
December, but this still means that the model is as good as the forecasts. 

 The effects of deviations in production rates are out of the scope of this research. 
 The short term, daily production sequence of the transaction transcripts is not in the scope 

of this research, because of the flow shop nature of the production environment. Production 
is simply started from the print queue. 

 The long-term capacity planning of the workforce and machines is out of scope in this 
research. 

1.3.3 Methodology 
The Master’s Thesis project consists of the first four steps of the regulative cycle by Van Strien 
(1997). These four steps consist of the problem mess, problem definition, analysis & diagnosis and 
the plan of action. 

This master thesis project aims at creating a model to quantitatively solve a real-life problem. The 
literature review was shown to provide a background, on which the model can be built. For these 
reasons this project can be classified as model-based quantitative research, to follow the 
classifications by Mitroff et al. (cf. Bertrand & Fransoo, 2002). In addition to that, this research is on 
the bridge between axiomatic models and empirical models. Axiomatic quantitative research 
generally studies a model that is closely related to or an adjustment on a standard problem in the 
scientific field. Therefore in axiomatic research one should use as much notation and methodology as 
possible in order to build on the scientific body concerning the problem studied. On the other hand, 
empirical research focuses on the (construct) validation of scientific models or the usability of 
solution methods by studying a real life process. This project focuses on integrated scheduling of 
production and distribution in a real life setting. From an axiomatic perspective our model can be 
seen as an adjustment to a standard problem in the scientific body on integrated production and 
outbound distribution models (IPODS). However since our main objective is to find a model to obtain 
real-life implementable solutions, we need major adjustments in the objective and constraints. In our 
model the only objective is to minimize the lead-time resulting from a schedule, while no costs are 
integrated in the objective, as these do not depend on the variables in the model, but only on the 
parameter settings in the scenario. Therefor this project tends to be more empirical. 
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1.3.4 Data quality, reliability and validity 
The analysis of the processes was done in three ways: firstly through qualitative analysis, including 
work shadowing at the Mailingcentrum and interviews with involved parties at the DM department, 
Mailingcentrum, ING business partners, to get to create insight into the structure of the supply chain 
of the physical mail. A part of this was contact with the 3PL postal companies, which was done 
through Document Management’s product managers. Any subjectivity was ruled out as all details 
were validated by data analysis and none were contradicted. 

Secondly for the quantitative part, the data analysis, the information on production was gathered. 
This information consists of logs of production volumes of all the types of physical mail, extracted 
from their different ERP systems. All data about actual produced volumes at the Mailingcentrum in 
this report is extracted from these logs. Then by using the logs on production times that were 
extracted from the work hour registration, the input could be connected to capacity usage. From 
these logs all production rates used in this report were analyzed and calculated.  

Then, the production and delivery SLA schedules of the transaction transcripts were gathered from 
DM, to investigate the forecasts made on the production volumes. The SLAs were also used to 
analyze the proposed customer lead-times for the transaction transcripts. While there were no 
records of actual realized lead-times, and only the number of addresses handed to the 3PL postal 
company were registered, we first assumed that the actual proposed lead-times in the SLA also were 
the actual lead-times. This was confirmed by checking the records of violations of the SLAs retrieved 
from the Mailingcentrum. 

All of these analyzed data are quantitative and objective as they are retrieved from INGs information 
systems. This means that the same input will be retrieved when the research would be conducted 
another time. Furthermore we give all the exact inputs and the exact mathematical model we use, 
guaranteeing reliability of the findings of this research. The validity of the research is assured in a 
scientific way by a thorough literature study and in a practical way by having monthly meetings with 
the steering group of all people involved from ING. 

1.4 Confidentiality 
For confidentiality reasons all costs related to the delivery decisions were concealed in this public 
version of the report, as these belong to non-disclosure contracts of ING and its 3PL distribution. This 
does not affect the readability or the conclusion or recommendations of the report. A relative 
comparison of costs is used in this public version, while the exact costs are contained in a 
confidential appendix, supplied to and only intended for the on the front page named involved 
parties being university supervisors and ING. 

1.5 Report structure 
The remainder of this report is structured by first presenting an overivew of the existing listerature 
found on lead-time reuction and integrated production and outbound distribution scheduling. this 
will provide the background to the research and is contained in Chapter 2. Chapter 3 then presents 
the analysis of the current situation at ING and the subdepartments Document Management and the 
Mailingcentrum involved in this project. Then chapter 4 links the current situation to the literature 
review and the research objective defining the model requirements. In chapter 5 the model is then 
explained and described in a mathematical way. Chapter 5 also provides the chosen solution 
methods. Then chapter 6 again links the current situation to model, defines the exact parameters 
that are used as input and presents the main performance results of the model compared to the 
current situation. Chapter 7 then explores the boundaries of the model, by doing a sensitivy analysis 
and investigating multiple different alternative scenarios. The chapter also provides suggestions for 
further development of the model. Chapter 8 concludes the poject giving the conclusiions, 
recommendations and possible directions for further research. Lastly the references and appendices 
are included. 
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2 Literature review 
This chapter outlines the current literature on the important aspects of this research. Firstly the 
supply chain in general is discussed.  

2.1 Supply chain 
As noted by Stevens (1989), a supply chain is: “A system whose constituent parts include material 
suppliers, production facilities, distribution services and customers linked together via the feed 
forward flow of materials and the feedback flow of information.” Min and Zhou (2002) add the 
notion that the supply chain is a series of interrelated business systems, synchronized into an 
integrated system to achieve the shared goals of: 

1. Acquire raw material and parts 
2. Transform these raw materials and parts into finished products 
3. Add value to these products 
4. Distribute and promote these products to either retailer or customers 
5. Facilitate information exchange among various business entities 

In the past two decades, increasing interest and research effort has gone into the area of supply 
chain as it emerged to be a key factor in operational performance of large businesses. Drucker (1998) 
and Lambert & Cooper (2000) state “the ultimate success of a firm will depend on its managerial 
ability to integrate and coordinate the intricate network of business relation-ships among supply 
chain members”. More specifically Gunasekaran, Patel, Tirtiroglu (2001) note that supply chain 
management results in enhanced competitiveness, better customer care and increased profitability. 

Naylor et al. (1999) give a broader interpretation of the four customer needs: 

 Lead-time: Naylor et al. (1999) interpret the timing factor in a broader sense and instead 
of only noticing delivery time, by using the more general term lead-time, they also cover 
response time, time-to-market, processing time, delivery time, replenishment and 
adaptation of new technologies. Similarly, Gunasekaran, Patel and Tirtiroglu (2001) 
mention order lead-time, or the total order cycle time as one of the key supply chain 
characteristics. They define the order lead-time as the moment that elapses between a 
placement of an order by the customer until the delivery of the goods or services to the 
customer. 

 Quality: refers to the delivery of a product or service that meets the customers’ 
expectations against the price they paid. In addition to that customers nowadays also 
expect a lasting effect of quality. This can be in a functional way, in terms of product 
lifetime, but also in an environmental way, in terms of how the product was produced 
and can be recycled. 

 Flexibility: refers to the ability to change in order to offer a wider range of 
product/services to meet customers’ demands. Flexibility in the supply chain is possibly 
by integrating detailed demand information into the manufacturing process in order to 
be able to deliver customized demands. Another way to increase flexibility is to reduce 
setup times, of which the SMED (single minute exchange of die) method is a good 
example. As a last thing, flexibility correlates with lead-time, especially in the sense of 
response time. 

 Price: pricing is a key issue in the choice the customer makes for buying a 
product/service. So the price has to be fair, so the customer is attracted to buy. On the 
other hand the company wants to maximize profit. Therefore it will maximize the price 
against the volumes of demand and minimize total expenses. From here it can be 
concluded that supply chain finance and logistics cost are major drivers of the success of 
a company. 
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2.2 Lead-time 
As mentioned previously, lead-times have increasingly become a major competitive factor for 
businesses. Lead-time is a term referring to the swiftness and responsiveness of a company, 
incorporating the dimensions of time. Here, the shorter the lead-time, the more the company is able 
to turn its investments into value and into profits towards the customer on the one hand, or to 
respond to fluctuations from outside on the other hand. Skinner’s (1978) is one of the first and 
mentions five key characteristics of the focused factory, being process technologies, market 
demands, product volumes, quality level and manufacturing tasks. Especially for factories where the 
market mainly determines the focus of a product, lead-time is a key concern, next to reliability and 
price. Gilmour (1994) and Naylor et al. (1999) indicate lead-time (in a broad sense, including 
measures of responsiveness) is the highest rated customer satisfier. Julta, Craig and Bodorik (2001) 
add that due to the access to information and speed of online business, lead-time has become one of 
the key drivers of customers’ satisfaction.  For completeness, the other factors are on time delivery, 
product and service introduction, convenience, and cost reduction to the customer. Sun et al. (2008) 
argue that customer delivery time is an internal performance measure of the production systems, 
while Kim and Tang (1997) state that it rather measures the “manufacturer’s commitment on 
customer satisfaction”. Sun et al. (2008) add that this may naturally be, however that reducing the 
customer lead-time requires investments in the supply chain. 

 In the studied literature the concept of lead-time may refer to numerous time intervals between two 
events. Lead-time can refer to the time needed for production, delivery, replenishment or even 
adaptation of new technologies (Hoffman, Beck and Füger, 2012). Some interpretations focus on the 
producing company, like Nahmias (2009). He notes that if items are ordered from the outside, the 
lead-time is defined as the amount of time that elapses from the instant that an order is placed until 
it arrives at the company. If items are produced internally, lead-time is interpreted as the amount of 
time required producing a batch of items. Others focus more on the customer’s perspective: 
“Customer delivery time is the time between when the customer places an order and the customer 
receives the order. Production lead-time is the sum of the processing time of converting raw materials 
to finished goods and the delivery time from the manufacturer to the customer.” (Sun et Al.., 2008; 
Shingo, 1989). Albeit this ambiguity in meanings, there is no literature that reports any confusion. 
Probably this is because of the presence of a proper definition or clarifying context. However in this 
literature study we specifically take the view from the customer perspective, hence we focus on the 
customer (order) lead-time. 

Gunasekaran et al. (2001) give a helpful definition of customer (order) lead-time, being: “the total 
order cycle time, which is called order lead-time, refers to the time which elapses between the 
receipt of the customer’s order and the delivery of the goods.” 

Figure 5 shows the customer order path according to Christopher (1992). From this Gunasekaran et 

Figure 5: path of the customer order (Christopher, 1992) 
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al. (2001) derive the customer order lead-time as follows: 

Total order cycle time = 

 Order entry time (by forecasting or direct customer order) + 

 Order planning time (Design + Communication + Scheduling time) + 

 Order sourcing + 

 Order assembly/production time + 

 Follow-up- time (packing, making ready for shipment) + 

 Finished goods delivery time + 

 Waiting time (in between all phases) 

Based on Olhager’s (2003) definition of the manufacturing strategies and the positioning of the 
CODP, customer order lead-time for various manufacturing strategies are constructed as in table 1. 

Table 1: customer order lead-time components for manufacturing strategies. 

Manufacturing 
Strategy 

Entry time Planning 
time 

Sourcing 
time 

Assembly 
time 

Follow-up 
time 

Delivery 
time 

MTS     x x 

ATO  x  x x x 

MTO  x x x x x 

ETO x x x x x x 

 

Concluding, customer order lead-time heavily depends on the manufacturing strategy that is chosen, 
and the operations that follow after the last inventory keeping point, the CODP. Therefore, when 
aiming at reducing lead-time one has to consider multiple separate operations. For the MTS 
manufacturing strategy generally only distribution models need to be considered, however for ATO, 
MTO and ETO strategies, customer order lead-time will consist of the separate lead-times of all 
operations after the CODP. Moreover, special attention needs to be given to the waiting times in 
between the operations. Consequently we look into integrated models of separate operations. 

2.2.1 Lead-time control by integration of production and distribution  
As seen in the previous chapters, production and distribution operations are major components in 
the supply chain. Additionally we showed that customer order lead-time is heavily dependent on the 
placement of the customer order decoupling point and the successive operations. Hence especially in 
supply chains with make-to-order and time-sensitive products (for instance perishable or seasonal) 
lead-time is a crucial factor as the customer order decoupling point is far upstream and lies close to 
the supply source. There, at the CODP, the last inventory is placed, after which production and 
distribution need to take place. For these types of supply chains, as there is little inventory between 
production and delivery, an integrated approach connecting these operations is necessary, as these 
two make up the customer order lead-time. The intimate linking and jointly scheduling of production 
and distribution planning has a lot potential in reducing cost and improving customer service (Chen, 
2010). In this light, the research field of integration of the production and distribution has emerged 
over the past two decades, considering strategic and tactical planning levels. 

Early initiatives in this field of research, focusing on strategic and tactical planning levels are given, 
among others, by Bilgen and Ozkarahan (2004), and Chen (2004). However, integration on the 
detailed scheduling level only initiated in the past few years (Chen, 2010). The models focusing on 
the detailed level focus on the optimization of detailed order production sequences, where 
distribution is immediately connected to the production. Optimization is done over all relevant 
revenues, costs and customer service levels of the individual orders. Moreover, most models are 
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developed in a hierarchical way, first focusing on the aggregate product mix and strategy, aggregate 
production and distribution plans, capacity issues and their allocation to finally zoom in to order-by-
order detailed scheduling of production and distribution in a determined horizon. These models 
differ from the traditional operation plans in the fact that they incorporate the two operations into 
one production-delivery plan instead of making two sub-optimal separate plans. (Chen, 2010) 

Since long the focus has been on inventory reduction in the supply chain (e.g. the JIT-strategy), and 
inventory levels have been increasingly reduced. This leads to a situation where the inventory of 
finished products between production and delivery is reduced, taking away the risk and time buffer, 
even stronger connecting the operation of production and distribution. Recent research is limited, 
but endorses the importance of integrated models especially in make-to-order and time-sensitive 
environments. Clearly this draws close to the production environment to be studied in the Master’s 
thesis, therefor we first state notation and classification for the production/delivery problem and 
thereafter explore the most recent studies in this field. 

2.3 IPODS 
In essence the Master Production and Delivery schedule that we want to create, consists of an 
amount of weekdays during a month, at which transaction transcripts can be generated to arrive at 
the Mailingcentrum. This closely resembles the models in the literature on integrations of production 
and outbound delivery systems (IPODS) (Chen, 2010). 

Chen (2010), structures and categorizes the models on integrations of production and outbound 
delivery systems (IPODS) based on their characteristics. Using his formulation, the general IPODS can 
be described by a set of n orders N = {1,2,…,n} from k (k >= 1) customers located at different 
locations. Then each order has to be processed first and then delivered to the according customer by 
a fleet of v vehicles (v >= 1). All orders have their own production requirements on one or multiple 
machines with processing times 𝑝𝑗  given per job or specifically for each job and all machines 

necessary. Furthermore all orders have a release date 𝑟𝑖, a delivery due date 𝑑𝑖  and a fixed delivery 
time 𝑓𝑑𝑖, the time needed for transportation to the customer. Then a deadline 𝑑𝑙𝑖  can be imposed as 
the ultimate moment at which the order has to arrive at the customer. Besides this, orders have a 
size 𝑞𝑖 and a revenue 𝑅𝑖 if the order is delivered correctly. Furthermore orders can have a weight 𝑤𝑗, 

to signify their importance. 

The solution to this problem contains a production and a delivery schedule. Important measures of 
the schedule are given by (Chen, 2010): 

Definitions Time based performance measures 

𝐶𝑗 = 𝑐𝑜𝑚𝑝𝑙𝑒𝑡𝑖𝑜𝑛 𝑡𝑖𝑚𝑒 𝑜𝑓 𝑜𝑟𝑑𝑒𝑟 𝑗  𝐷𝑚𝑎𝑥 = 𝑚𝑎𝑥𝑖𝑚𝑢𝑚 𝑑𝑒𝑙𝑖𝑣𝑒𝑟𝑦 𝑡𝑖𝑚𝑒 𝑜𝑓 𝑜𝑟𝑑𝑒𝑟𝑠 𝑖. 𝑒. max{𝐷𝑗|𝑗  ∈

𝑁}  
𝑆𝑗 = 𝑑𝑒𝑝𝑎𝑟𝑡𝑢𝑟𝑒 𝑡𝑖𝑚𝑒 𝑜𝑓 𝑜𝑟𝑑𝑒𝑟 𝑗  ∑ 𝐷𝑗 = 𝑡𝑜𝑡𝑎𝑙 𝑑𝑒𝑙𝑖𝑣𝑒𝑟𝑦 𝑡𝑖𝑚𝑒 𝑜𝑓 𝑜𝑟𝑑𝑒𝑟𝑠  

𝐷𝑗 = 𝑑𝑒𝑙𝑖𝑣𝑒𝑟𝑦 𝑡𝑖𝑚𝑒 𝑜𝑓 𝑜𝑟𝑑𝑒𝑟 𝑗  ∑(𝑤𝑗)𝐷𝑗 = 𝑡𝑜𝑡𝑎𝑙 𝑤𝑒𝑖𝑔ℎ𝑡𝑒𝑑 𝑑𝑒𝑙𝑖𝑣𝑒𝑟𝑦 𝑡𝑖𝑚𝑒 𝑜𝑓 𝑜𝑟𝑑𝑒𝑟𝑠  

𝐿𝑗 = 𝐷𝑗 − 𝑑𝑗 , 𝑑𝑒𝑙𝑖𝑣𝑒𝑟𝑦 𝑙𝑎𝑡𝑒𝑛𝑒𝑠𝑠 𝑜𝑓 𝑜𝑟𝑑𝑒𝑟 𝑗  𝐿𝑚𝑎𝑥 = 𝑚𝑎𝑥𝑖𝑚𝑢𝑚 𝑑𝑒𝑙𝑖𝑣𝑒𝑟𝑦 𝑙𝑎𝑡𝑒𝑛𝑒𝑠𝑠 𝑜𝑓 𝑜𝑟𝑑𝑒𝑟𝑠, max{𝐿𝑗|𝑗  ∈

𝑁}  

𝑇𝑗 = max {0, 𝐷𝑗 − 𝑑𝑗} , 𝑑𝑒𝑙𝑖𝑣𝑒𝑟𝑦 𝑡𝑎𝑟𝑑𝑖𝑛𝑒𝑠𝑠 𝑜𝑟𝑑𝑒𝑟 𝑗  ∑(𝑤𝑗)𝑇𝑗 = 𝑡𝑜𝑡𝑎𝑙 𝑤𝑒𝑖𝑔ℎ𝑡𝑒𝑑 𝑑𝑒𝑙𝑖𝑣𝑒𝑟𝑦 𝑡𝑎𝑟𝑑𝑖𝑛𝑒𝑠𝑠,   

𝐸𝑗 = max  {0, 𝐷𝑗 − 𝐶𝑗} 𝑐𝑜𝑚𝑝𝑙𝑒𝑡𝑖𝑜𝑛 𝑡𝑎𝑟𝑑𝑖𝑛𝑒𝑠𝑠 𝑜𝑟𝑑𝑒𝑟 𝑗  ∑(𝑤𝑗)𝑈𝑗 = 𝑡𝑜𝑡𝑎𝑙 𝑤𝑒𝑖𝑔ℎ𝑡𝑒𝑑 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑙𝑎𝑡𝑒 𝑜𝑟𝑑𝑒𝑟𝑠  

𝑈𝑗 = 1 𝑖𝑓 𝐿𝑗 > 0 𝑎𝑛𝑑 0 𝑖𝑓 𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒  ∑(𝑤𝑗)𝐸𝑗 = 𝑡𝑜𝑡𝑎𝑙 𝑤𝑒𝑖𝑔ℎ𝑡𝑒𝑑 𝑒𝑎𝑟𝑙𝑖𝑛𝑒𝑠𝑠 𝑜𝑓 𝑜𝑟𝑑𝑒𝑟𝑠  

 

Then there are performance measures that take into account cost: 

Cost/revenue performance measures 
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TC = total transportation cost on trip base (the sum of the costs for each individual delivery trip, 
based on a fixed cost per trip and a variable cost per trip based on variable like total distance or 
number of orders in the shipment) 

VC = total transportation cost for vehicles (for models where a fixed cost per vehicle is incurred) 

PC = total production cost of orders (if production cost varies with the production schedule) 
∑ 𝑅𝑗𝑗∈𝐴 = 𝑡𝑜𝑡𝑎𝑙 𝑟𝑒𝑣𝑒𝑛𝑢𝑒 𝑜𝑓 𝑡ℎ𝑒 𝑝𝑟𝑜𝑐𝑒𝑠𝑠𝑒𝑑 𝑎𝑛𝑑 𝑑𝑖𝑠𝑡𝑟𝑖𝑏𝑢𝑡𝑒𝑑 𝑜𝑟𝑑𝑒𝑟𝑠 (when only a set A of orders j can be 
proccessed and delivered in a constrained environment by f.i.capacity or vehicle utilization or 

 

Then for the IPODS models Chen (2010) sets the notation being 𝛼 | 𝛽 | 𝜋| 𝛿 | 𝛾, building on the 
𝛼 | 𝛽 | 𝛾 used in traditional scheduling models in the literature. Here 𝛼 signifies the machine 
configuration, 𝛽 is used for restrictions and constraints associated with the orders and 𝛾 describes 
the objective function. 𝜋 and 𝛿 are added to the notation to specify the delivery process features and 
the number of customers respectively. A brief explanation of these parameters is given here, for a 
detailed overview however we refer to Chen (2010) and Pinedo (2002) 

Machine configuration: in the IPODS problems most of the times only one production site is 
considered. For the production site the notation by Pinedo (2002) can be used to give the machine 
setup. This can vary from 1 machine configuration to flow shop or job shop configuration. 

Restrictions and constraints on order parameters: orders can have individual constraints or common 
constraints e.g. 𝑟𝑗 signifies all orders have a different release date and 𝑓𝑑𝑗 is used for individual fixed 

delivery times 𝑑𝑗 ≡ 𝑑 however signifies that all orders have the same deadline 𝑑. Other widely used 

constraints are ∑ 𝐷𝑗 ≤ 𝐷0or 𝐷𝑚𝑎𝑥 ≤ 𝐷0to specify that the total sum of or the maximum delivery 

time may not exceed a certain boundary 𝐷0. More types of constraints can be found in Pinedo 
(2002). 

Delivery characteristics: Chen (2010) is one of the first to include delivery characteristics in 
scheduling models. First the fleet characteristics are given by V(x, y) where 𝑥defines the number of 
vehicles and 𝑦 their capacity. Then the delivery and shipment structure is specified. Here Chen (2010) 
distinguishes between individual and immediate delivery, batch delivery (of all product to a 
customer) by direct shipping, batch delivery with routing (orders to different customers combined in 
a routing), or shipping with fixed delivery departure dates (when delivery vehicles only leave at exact 
fixed times from the plant) and splittable delivery (used when an order for one customer can be split 
up in multiple delivery batches). 

Number of customers: The number of customers can vary from 1 to n. Here 1 off course means there 
is only one customer. Furthermore 𝑘 (𝑘 ≥ 2) is used for the situation where multiple customers 
have orders and 𝑛 is used when all orders go to different customers. 

Objective function: The objective function is a combination of “three performance measures: 
customer service level, total cost and total revenue” (Chen, 2010). Off course when considering 
customer value, maximization is needed and when considering costs a minimization is needed. 
Usually the objective function is given as a combination of terms PC, TC and RC. 

2.4 Modeling perishability in the production/distribution model 
A we have seen in the last chapter, literature related to customer order lead-time, does not focus on 
lead-time itself as a goal, but includes it as a constraint or in the mostly in the objective as a cost 
factor. In the presented studies, it is incorporated in the concept of perishability. As the information 
that is produced and distributed in the Master’s thesis project’s company, also decreases in value 
over time, in this part we concentrate on the modeling of perishability and provide the most recent 
perspectives. However, we limit ourselves to the representation of perishability in production and 



15 
 

distribution models, and refer to Karaesmen et al.(2011) for a complete study on perishable products 
(e.g. inventory planning). 

In 2005, Lütke Entrup et al. note that perishability until then mostly appeared in inventory and lot 
sizing problems and seldom in production and delivery scheduling. As they study a yoghurt company 
they see the need to address this problem. Hence, they are among the first that investigate shelf life 
for individual products, integrating it in the objective functions in the MILP models’ they use for 
production planning and scheduling. They use a function that linearly decreases product value from 
production day to a certain best before day. 

Amorim et al. (2012) develop the methods for perishable goods further and are the first to 
incorporate the time dimension separately in a multi objective mixed-integer model. The first 
objective in their model is the overall cost function, consisting of production costs, transportation 
costs and spoilage costs, while the second objective explicitly maximizes freshness. They give a 
directional view on the modeling of freshness and generate four methods to incorporate this into the 
model: 

 Use a make-to-order strategy, to ensure the product is as fresh as possible when a 
customer order arrives and hence the time for spoilage is minimized 

 Create a deadline for each product until when it may be kept in stock. Then take into 
account and minimize the amount of products spoiled in the objective function. 

 Create shelf life dependent holding cost for each product. In this case a higher holding 
cost should be charged for products with shorter shelf-time. This would ensure the most 
perishable products are kept shortest. 

 Let the product’s price, value or demand for the product depend on its age or remaining 
shelf life, decreasing as the product gets older. 

For measuring freshness Lütke Entrup et al. (2005) introduce the mean fractional remaining shelf life 
of products to measure freshness. Perishable goods in their models can either have a fixed (a best 
before date) or a loose shelf life (no best before date, but slowly deteriorating). Having a fixed shelf 
life In the special case with loose-shelf life the remaining shelf life of a product is expressed by a 
products completion time t, the additional shelf life-time u, minus d, the delivery time of that order. 
In order to normalize this parameter over the wide variety of products that have different lifetimes, 
the remaining shelf life is divided by the initial shelf life. In the final freshness objective, these values 
for individual products are multiplied by this product’s fraction of demand that period to give a total 
weighted quantity of perishability. 
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3 Current Situation Analysis 
This chapter describes the current state of the production scheduling and distribution choices for the 
transaction transcripts. In the first section a total overview of all the types of transaction transcripts 
is given and the demand volumes are considered from January 2014 to April 2015. Here both 
plannable and non-plannable transaction transcripts are discussed, as both need to be analyzed for 
the total capacity usage. Then the scheduling, production and distribution process of the transcripts 
is addressed. Using this, the current capacity usage is presented and the lead-time performance 
based on the schedules is analyzed. 

3.1 Transaction transcripts 
As mentioned previously, in general the transaction transcripts are periodically sent letters that 
contain an update or overview of the status of the customer’s product.  Although the focus of this 
research is on the plannable transaction transcripts, a complete understanding of all types of 
transaction transcript is given here. This is done because all the types of transaction transcripts (with 
some exceptions) use the same capacity and therefore need to be taken into account in the capacity 
usage analysis and the capacity allocation to the model. 

Figure 8 and table 2 show the total volumes for all types of transaction transcripts per month from 
January 2014 to April 2015. The transaction transcripts are divided into four main categories based 
on whether they are plannable or not and what origin they have. The plannable bank accounts 
transaction transcripts (TT) are frequent transcripts belonging to bank accounts of which the 
generation is scheduled by service level agreements (SLAs). The not plannable daily bank account 
transaction transcripts are from the same kind, but are not planned in the SLAs as they are scheduled 
daily. Then the annual reports are a collection of transcripts, reports and overviews that are sent only 
yearly, in January and February. The fourth type is a collection of all other periodical mail that is not 
plannable per batch. 

 

Figure 6: monthly transaction transcripts volume over 2014 

Table 2: total volume of transaction transcripts in million addresses over 2014 
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Most remarkable are the high representation of the plannable streams of the bank accounts TTs 
(72%), the quarterly peaks in the plannable bank account TTs, the constant stream of not plannable 
daily bank accounts TTs and the peaks in the not plannable other periodical mail. These peaks 
however have been decreasing by digitalizing the subordinate streams of mail. 

3.2 Scheduling, production and distribution 
The supply chain (excluding raw materials) for the transaction transcripts is presented in figure 8. As 
already explained, for 72% of the total amount of transaction transcripts, the generation and release 
of batches transcripts is scheduled in an SLA agreement. The daily transaction transcripts and the 
other periodical mail (25%) are generated automatically by the IT-system, without being planned. 
Some quarterly batches and annual mailings are treated completely outside the scope of the service 
level agreements, as they have lower priority and their production just fills up the holes in the other 
schedules. The production then takes place at the Mailingcentrum and consists of printing and 
mechanical enveloping. After production the mail is offered for delivery to either PostNL or SandD to 
eventually arrive at the customer. A more detailed description of the production steps follows in the 
following paragraphs. 

  

Figure 7: production process of transaction transcripts 

3.2.1 Scheduling / generation 
 

Scheduling mail batches in service level agreements (SLAs) 

In the current situation there are five different service level agreements (SLAs). For each type of bank 
accounts there is a separate one. Each SLA is agreed between the order manager from DM and the 
product manager from the business partner managing the type of bank account. The SLAs contain 
the schedules for each month and control the mail batch generation, the start and end dates for 
production and pickup and delivery dates for distribution. Therefore the SLAs decide on the lead-
times for the plannable transaction transcripts. The SLAs differ only slightly between months (mostly 
in forecasted volume), as the regularity of sending transaction transcripts is valued high. As an 
example, the five separate SLAs for November and December are shown in Appendix D – Appendix H. 
Table 6 gives a summary of the types of bank accounts managed by SLA. First it denotes the five 
types of bank accounts, then the different batches and their frequencies, the number of batches per 
month, decisions about the production lead-time and 3PL postal company chosen. The last column 
shows whether the generation and arrival of the batches is actually plannable or not. If not, it is 
connected to an internal process such as the credit card rebalancing, monthly accumulation of 
interest or rebalancing of investment portfolios. The volumes for each type of batch are based on 
forecasts and vary per month. A further analysis on the volumes and the lead-times resulting from 
these SLAs follows in the performance section. 
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Table 3: Overview of transcript batches and frequencies contained in SLAs 

 

As can be seen from table 3, the retail payment accounts, commercial payment accounts and the 
savings accounts have regular frequent batches. For these the query is run based on the last number 
of the accounts. Hence for weekly transcripts ten batches (last numbers 0-9) are scheduled each 
week, regularly totaling 40 batches a month. Analogously 2-weekly and monthly have 20 and 10 
batches a month. For these the arrivals of batches can be planned over the weeks. The other types of 
transcripts cannot be scheduled due to their connection to an internal process. Clearly all these types 
are sent with SandD. 

Automatic mail batch generation 

The daily transaction transcripts and the other periodical mail are generated automatically by the IT-
system, without being planned. For completeness, production and distribution decisions are given in 
table 4. 

Table 4: production and distriution decisions for non-SLA scheduled transcripts 

 

The retail and commercial payment accounts arrive every day, are produced within the same day (0-
day lead-time) and are sent with PostNL 24hr service. The other periodical mail has regular daily 
arrivals and 1 monthly peak. They are produced within 2 days and sent with PostNL 48 hr service. 

Mail batch generation by schedule 

To generate a batch of transaction transcripts for a certain type of account, the IT systems to run a 
query during the night, collecting all the transactions made and the current account balances of the 
bank account scheduled. These are collected and transformed into printable pieces of mail called the 
transaction transcripts. The IT-systems are programmed to make a distinction between lightweight 
and heavy weight transcripts. Lightweight transaction transcript can be printed on such a number of 
pages that the envelope is still up to 35 grams. Heavy weight transcripts contain more transactions or 
other information and are printed on such a number of pages that they will weigh more than 35 
grams. Then per type of bank account scheduled, two files containing the light and heavy weight 

Frequency
Batches/- 

month

Lead-time 

production 

(days)

3PL postal 

company

Plannable 

arrival

Retail payment accounts Weekly 40 In SLA SandD Yes

2-weekly 20 In SLA SandD Yes

Monthly 10 In SLA SandD Yes

Commercial payment accountsWeekly 40 In SLA SandD Yes

2-weekly 20 In SLA SandD Yes

Monthly 10 In SLA SandD Yes

Savings accounts Monthly 10 In SLA SandD Yes

Groei (monthly) 1 In SLA SandD No

Pensioensparen (monthly) 1 In SLA SandD No

Levensloop (quarterly) 0,33 In SLA SandD No

Groei Groter (quarterly) 0,33 In SLA SandD No

Spaarloon (quarterly) 0,33 In SLA SandD No

Credit card accounts Creditcards (monthly) 1 In SLA SandD No

Platinumcards (monthly) 1 In SLA SandD No

Investment accounts Hypotheken (monthly) 1 In SLA SandD No

Rente (monthly) 2 In SLA SandD No

Frequency
Arrivals/- 

month

Lead-time 

production 

(days)

3PL postal 

company

Plannalbe 

arrival

Retail payment accounts Daily 20 0 PostNL (24 hr) No

Commercial payment accounts Daily 20 0 PostNL (24 hr) No

Other periodical mail Daily arrivals 20 1 PostNL (48 hr) No

Monthly peak 1 1 PostNL (48 hr) No
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scheduled batches and frequencies of transaction transcripts arrive in the print queue at the 
Mailingcentrum in the morning around 6:00. Now the production in the Mailingcentrum can start 
with printing the batches in the morning. The planning department at the Mailingcentrum makes 
sure the batches are produced within the service level agreements (SLA). They have an 
approximation of the volumes of batches for the different accounts, and in combination with the 
production norms they allocate the timeslots needed for a job on the appropriate machines. 

3.2.2 Production 
The production consists of two stations: printing and enveloping. There are two high-speed printers 
and 4 high-speed enveloping machines. Figure 8 shows the machine setup, as well as detailed 
scheduling decisions for the different types of transaction transcripts. 

Printing Mechanical Enveloping

High speed chain 
printer

High speed chain 
printer

MPS enveloping 
machine

MPS enveloping 
machine

MPS enveloping 
machine

MPS enveloping 
machine

 

Figure 8: production setup of two printers and four enveloping machines with scheduling decisions of the transcripts 

All transaction transcripts are printed on two high-speed chain printers intended for printing of high 
volume print jobs. The transaction transcripts are the only types of mail that use these printers. In 
the morning the daily transcripts are started, then the other SLA scheduled transcripts are done and 
in the evening the other periodical mail is done. For enveloping 4 MPS high-speed enveloping 
machines are available. One of these is reserved to start producing the daily transaction transcripts 
as soon as possible in the morning. The leftover capacity on this one is reserved for emergency 
(commercial) mailings and the other periodical mail. The other three MPS machines are used to 
produce the SLA scheduled transaction transcripts that belong to the bank accounts. In the capacity 
usage analysis this setup is further analyzed. 

As said earlier, some quarterly batches and annual mail have not been mentioned yet; the reason for 
this is that the annual mail batches have lower priorities than all of the other daily arriving types and 
are used to fill up the gaps in the schedules. 

Production step 1: Printing 

Print jobs are managed in the print managing software, where they arrive in the print queue. All files 
containing batches of transaction transcripts are generated in the night and are ready to print at 6:00 
in the morning. From here print managers start the jobs, according to a daily schedule made by the 
MC’s planning department. This means that all daily transaction transcripts are printed in the first 1,5 
hour, after which the SLA scheduled transcripts are produced and lastly the other periodical mail. 

The printers’ speed only depends on the speed the band of paper that goes through the printer. The 
Mailingcentrum’s planners use a net printing speed of 80% of the maximum speed, being 80% x 
26.400 = 21.120 A4s per hour or 42.240 A5s per hour. This net speed includes all setup and paper 
changeover times. The printing rates per type of transcripts are given in Appendix I. 



20 
 

Printing is done every day in the week from Monday to Friday and regularly starts at 6:15 and ends at 
23:00. There are two shifts of 8:30 hours, from 6:15 to 14:45 and 14:30 to 23:00, both with two small 
breaks of 15 minutes and one big break of 30 minutes per shift. The shifts overlap each other by 15 
minutes to hand over the work in progress correctly to the next shift. In total this provides 14 hours 
productive hours per day per machine. One print operator attends two printers. 

The capacity can be extended by adding nightshifts, which would consist of 6:15 hours extra 
production time, while 7:15 hours are to be paid 150% of standard wage. Furthermore capacity can 
also be extended with extra high-speed printing machines which would cost €600.000 per machine 
including all installation activities. 

Production step 2: Enveloping 

The last step of the production is the enveloping of printed material. Enveloping machines collect 
input prom a package or roll of paper. They cut loose and collect the right number of pages, and 
enclose them in an envelope. Given the number of pages per envelope, the rate is constant: 4000 A4 
or 10000 A5 single page envelopes for mechanical enveloping. The speed decreases as more or larger 
pages need to be collected per envelope and it varies greatly per type of transaction transcript. For 
the planning, the Mailingcentrum’s planners use the average enveloping rates as registered in the 
employees’ work-hour registration. The enveloping speeds per type of transcripts are given in 
Appendix I. 

For the enveloping step the same work shifts as for printing apply, i.e. two shifts a day covering from 
6:15 to 23:00. Deducting 2 small 15-minute breaks, 1 large 30-minute break per shift and a 15-
minute overlap of the shifts, in total this provides 14 hours productive hours per day per machine. 
One machine operator attends each enveloping machine. The capacity can be extended by adding 
nightshifts, which would consist of 6:15 hours extra production time, while 7:15 hours are to be paid 
150% of standard wage. Furthermore capacity can also be extended with extra enveloping machines 
which would cost €500.000 per machine including all installation activities. 

3.2.3 Delivery 
The distribution of the transaction transcripts is the last part of the production chain and also 
contributes to the total lead-time incurred by pieces of mail. This depends on the third party logistics 
(3PL) postal company chosen: PostNL and SandD. As mentioned earlier the daily transaction 
transcripts are sent with PostNL’s 24 hr. service, the other periodical mail with the 48 hr. service and 
all other transaction transcripts with SandD. Logically PostNL is the more expensive of the two. Costs 
are given in table 5. 

PostNL delivers mail five times a week, excluding Sundays and Mondays. SandD on the other hand is 
less expensive but offers longer led-times. SandD collects the mail every day at the Mailingcentrum 
as well, but only delivers two times a week, on Tuesdays and Fridays. All mail collected before 
Tuesday 17:00 is delivered on the next Friday and all mail collected before Thursday 17:00 is 
delivered on the next Tuesday. This is shown in figure 12 and 13. If necessary it is possible to request 
SandD to come the next morning at 8:00, however in the contract it is stated that these request can 
only be highly exceptional. 
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Figure 12 shows that all mail that is produced before 18:00 and then sent with the daily 24h delivery 
by PostNL has an effective time of 1 day, independent of the day in the week. Delivery lead-times for 
mail sent with SandD depend on the day in the week, due to the fact that finished mail on Monday, 
Wednesday and Friday first has to wait for the next SandD delivery moment.  This explicitly holds for 
finishing the production on Tuesday and Thursday after 17h. SandD’s schedule results in Tuesday 
having the shortest lead-time of three days and Friday the worst lead-time. 

Both distributors are contracted based on a total yearly volume of offered mail pieces. In the current 
situation SandD delivers all the transaction transcripts except the daily ones. However, one of the 
research questions is what the minimum lead-time possible is and what it costs. In order to answer 
this, PostNL’s 24 hr. delivery service and its costs need to be taken into account. 

3.3 Performance 
In this section the performance of the current situation is discussed. This starts of with an overall 
capacity utilization analysis to analyze the claim of fluctuating workloads. Then the lead-time 
performance is estimated using the current production and distribution decisions. For the plannable 
transaction transcripts belonging to the bank accounts these are deducted from the SLAs, for the 
other types their general rules are applied. The last section of the performance analysis investigates 
the SLAs’ scheduling and forecasting accuracy, as accurate scheduling and forecasting are 
preconditions for a scheduling model. 

3.3.1 Overall capacity utilization 

Figure 10a: Delivery scheme and resulting 
delivery lead-times with PostNL 

Figure 10b: Delivery scheme and resulting delivery lead-times with 
SandD 
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As mentioned in the problem statement, the Mailingcentrum is said to deal with great capacity 
fluctuations, which causes waiting time in the production chain, leading to unnecessary long lead-

times. As there are no exact machine logs and no information on production such as start and end 
times, the analysis is based on arrival data, standardized by production rates from the employees’ 
work-hour registration. The actual arrivals and rates can be found in Appendix J. Figure 11 shows the 
capacity analyses. Capacity of both workstations is shown with a horizontal red bar. Capacity was 
calculated by multiplying the number of machines (2 and 4) with the work hours per day (both 14). 
The normalized workload is shown in blue. From figure 11 it is apparent that indeed in the beginning 
of the month and at the end of the month, a peak in workload exists. The only exception is the 
month March. Furthermore the month January is shows the most workload peaks. This is due to the 
fact that the regular bank account batches are bigger in January and off course because the most 
annual transaction transcripts arrive in January. We omit here the utilization graphs in percentages, 
as these would not show any additional information, except relative information. 

The peaks in workload mean that ING’s target of TiTo production cannot be achieved, as production 
cannot be finished the same day (as all products arrive in the morning at 6:00). Jobs therefore incur 
waiting time. For both printing and enveloping there are 20 days that arrival are higher than the daily 
capacity. And on the other hand there are 24 days with less than 20% of capacity for printing and 8 
for enveloping. It must be remarked that this is an underestimation, as in reality the assumption of 
100% production time in available machine time usually does not hold, due to setups, breakdowns. 

Table 5: average and maximum capacity utilization 

 

 nov-14 dec-14 jan-15 feb-15 mrt-15 apr-15 

Days 20 21 21 20 22 20 

Printing (hr.) 326,3 351,3 500,7 361,8 348,7 370,9 

Printing cap (hr.) 560 588 588 560 616 560 

Printing utilization (%) 58% 60% 85% 65% 57% 66% 

Min/Max utilization 6%/133% 6%/118% 15%/160% 14%/145% 10%/105% 0%/145% 

Enveloping (hr.) 688,1 730,9 1104,2 821,4 699,6 754,2 

Enveloping cap (hr.) 1120 1176 1176 1120 1232 1120 

Enveloping utilization (%) 61% 62% 94% 73% 57% 67% 

Min/Max utilization 13%/129% 8%/105% 28%/215% 35%/140% 30%/102% 0%/152% 
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Figure 11: overall capacity usage printing and enveloping Nov. 2014 - Jan. 2015. 
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Table 6 shows the average utilization rates over the months November 2014 until April 2015. Clearly 
there is no overall capacity issue, as monthly utilization for printing and enveloping are at maximum 
85% and 95% in January. The highest peaks in January contain 166% and 215% of capacity for 
printing and enveloping. Analyzing the peaks’ data in Appendix J it can be concluded that all peaks, 
except for the ones in January, are caused by the scheduled transcripts and hence can be resolved by 
adjusting the schedule. 

3.3.2 Overall lead-time performance 
In this section we will evaluate the customer lead-time performance for the transaction transcripts. 
Again the analysis covers two parts: the plannable bank accounts’ transcripts contained in SLAs and 
the daily transcripts with the other periodical mail that are not scheduled. Led-time is measured from 
moment of generation to moment of delivery. However as there are no records or logs available that 
contain starting and finishing dates of the production and neither records or logs about the day of 
offering to the 3PL postal companies, the lead-time performance is deduced from production and 
distribution decisions and the service level agreements (SLAs). For the current situation this is the 
best indicator for lead-time performance and provides the best base to compare future schedules. 
Additionally, violations on the SLAs have always been recorded and the logs were checked to show 
no great violations. 

Table 7 and 8 show the lead-time performances for the different types of transcripts. Here the lead-
time performance is stated in general (not month specific), as the SLAs and production/distribution 
decisions are constant from month to month. Comparing the SLAs for November and December in 
Appendix D-H can check this. The only difference is the quarterly batches and the forecasted 
amounts. The same holds for the SLAs up to April. Therefore table 7 gives a general representative 
lead-time performance for the bank account transcripts, scheduled by SLA. Table 8 gives the general 
lead-time performance for the other two main types of mail, the daily batches and the other 
periodical mail. 

 

The lead-time performance analysis in table 7 shows that the total lead-times from generation (and 
thus arrival at the MC) until delivery at the customer range from minimum 3 to maximum 12 days for 
the scheduled transaction transcripts as they are distributed with SandD. Furthermore it can be seen 
that the commercial payments transcripts seem to have the highest priority, followed by the retail 
payment accounts. Savings accounts have the highest average lead-times of around 10 days, which 
means they generally miss one or more pickup moments. Like most savings batches, the credit card 
and investment account batches also arrive at fixed moments in the month, but have a slightly 

Table 6: SLA scheduled lead-times for plannable transaction transcripts 

Frequency
Batches/- 

month

Lead-time 

production 

(days)

3PL postal 

company

Plannable 

arrival

Average lead-

time (days)

Min lead-

time (days)

Max lead-time 

(days)

Retail payment accounts Weekly 40 In SLA SandD Yes 4,6 4 5

2-weekly 20 In SLA SandD Yes 4,8 4 6

Monthly 10 In SLA SandD Yes 6,16 4 7

Commercial payment accounts Weekly 40 In SLA SandD Yes 4,2 3 5

2-weekly 20 In SLA SandD Yes 3 3 3

Monthly 10 In SLA SandD Yes 4,2 3 5

Savings accounts Monthly 10 In SLA SandD Yes 9,4 6 12

Groei (monthly) 1 In SLA SandD No 10 10 10

Pensioensparen (monthly) 1 In SLA SandD No 7,5 6 9

Levensloop (quarterly) 0,33 In SLA SandD No 10 10 10

Groei Groter (quarterly) 0,33 In SLA SandD No 10 10 10

Spaarloon (quarterly) 0,33 In SLA SandD No 10 10 10

Credit card accounts Creditcards (monthly) 1 In SLA SandD No 6 4 8

Platinumcards (monthly) 1 In SLA SandD No 6 4 8

Investment accounts Hypotheken (monthly) 1 In SLA SandD No 6,5 6 7

Rente (monthly) 2 In SLA SandD No 4 4 4
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tighter schedule. It is remarkable that the 2-weekly commercial payment transcripts have the lowest 
average and minimum lead-times, even lower than the weekly ones. Here priority is given to the 
overall type of the transaction transcript, being commercial payments, while the frequency is passed 
over.   

 

 

 

For completeness table 8 shows the lead-time performance for the other transaction transcript 
types, although they are not schedulable and are produced on a different enveloping machine. Due 
to the same-day or next-day production in combination with PostNL, the lead-times are rather lower. 
As these are not schedulable and run on a different machine they will not be included affected by the 
model. 

3.3.3 SLA and forecast accuracy 
The general lead-time performance, independent of the month in question, was already derived 
from the SLAs and as there are no violations of the SLAs they can be trusted. Now this section checks 
the SLAs’ and forecasts’ accuracy to inspect whether any future schedule can be trusted in terms of 
arrival date and forecasted amount. Notice that this analysis only concerns the transcripts from bank 
accounts that are contained in SLAs. The analysis is shown in figure 12. This figure shows the total the 
forecasted and actual arriving amount of addresses for all plannable transaction transcripts. This 
figure indicates that the arrivals are according to schedule and that the actual amount of arrivals is 
well forecasted. 

In table 9, the analysis of SLA accuracy is further deepened out to the level of bank accounts. This is 
the most detailed level, as the arrivals per day per bank account type arrive together in either 
lightweight or heavy weight batches. Therefore the arrivals cannot be distinguished into the different 
types of batches and compared to the forecasts. 
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Figure 12: SLA forecast accuracy bank accounts transcripts 

Table 7: Not SLA scheduled lead-times for daily and other transaction transcripts 

Frequency
Arrivals/- 

month

Lead-time 

production 

(days)

3PL postal 

company

Average 

lead-time 

(days)

Min lead-

time (days)

Max lead-

time (days)

Retail payment accounts Daily 20 0 PostNL (24 hr) 1,00 1 2

Commercial payment accountsDaily 20 0 PostNL (24 hr) 1,00 1 2

Other periodical mail Daily arrivals, (including various frequencies)20 1 PostNL (48 hr) 3,00 2 4

Monthly peak 1 1 PostNL (48 hr) 3,00 2 4
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Table 8: Forecast accuracy per type of bank account (Nov 2014 - April 2015) 

Statistic Retail Commercial Savings Credit cards Investments 

Relative absolute error 7% 12% 28% 54% 54% 

Mean absolute error (Addr.) 9.309 1.959 8.658 25.297 5.047 

Average batch size (Addr.) 130.989 16.876 34.073 58.843 9.508 

Total relative forecast deviation -6% -3% 3% 29% 7% 

 

Table 9 shows the total relative absolute error and the mean absolute error as statistics to measure 
forecast accuracy. The total relative absolute error is a measure of the individual forecasts relative to 
the total amount. The mean absolute error show the mean deviation per forecast. The calculation of 
the statistics is described in Appendix K. The analysis shows that both the retail and commercial 
forecasts are very accurate as their total forecasted amounts are close to the real arrivals and the 
relative absolute errors are small as well. However there are higher deviations in the forecasts of the 
savings accounts and credit cards, which are mostly due to deviations in the scheduling from day to 
day, meaning a batch arriving a day earlier or later. This can is clearly shown in figure 13 showing the 
total absolute deviations of the forecasts from the actual amount of addresses. 

 

In table 13, the high peaks up immediately followed by a high down, or vice versa, show that batches 
arrived a day earlier or later than scheduled. A few of these scheduling errors result in the highest 
deviations. It can be concluded that this is the main reason for the scheduling errors in table 9. This 
scheduling error occurs especially in January. For November, December, February and April the 
forecasts were very accurate.  

Based on this analysis, it is assumed that overall the scheduling is very accurate. However there still is 
room for improvement: especially improving the exact day a batch arrives would improve the 
forecasts and therefore make the scheduling more reliable. 

3.4 Base situation 
To be able to compare the schedules made by the model to the current situation, a reference must 
be chosen. As the model’s objective is to optimize the scheduling with respect to the total customer 
lead-times, the best available references are the SLAs containing the current achieved lead-times.  
Furthermore it is needed to choose representative periods to compare the model to the current 
situation. Based on the previous analyses the busiest month of the year, January and a normal 
month, November, were chosen as base scenarios. If the model improves the busiest month, it can 
be assumed to be able to deal well with all the other months. The normal month will then give a 
more accurate estimation of expected improvement for the rest of the year’s months. Because only 
some types of transaction transcripts belonging to the retail, commercial and savings accounts can be 
rescheduled, especially their lead-times are used as a reference. The lead-times of the current SLAs 
can be found in table 7. 
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Figure 13: Total absolute deviation of forecast from actual amount of plannable bank account transcripts 
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Because the model will schedule only these types, it needs to consider only the capacities of the 
machines these types are produced on and take into account the other transcripts produced on 
these machines. In this light the model considers both the high-speed printers, and will only use the 
capacity left after deducting the 4 hours for printing of the daily transaction transcripts and 
periodical mail. Furthermore the model will schedule only on three enveloping machines, as the 
fourth is primarily reserved for other higher priority mail streams such as the daily transcripts and 
emergency mailings. This means that 2 x 14 – 4 = 24 hours of printing are available each day. For 
enveloping this means that 3 x 14 = 42 hours of enveloping are available each day.  

To establish the rest of the parameters for the basis scenarios, the lead-times from table 7 were 
weighted over the forecasted amounts to provide the weighted average lead-times shown in table 
10. 

Table 9: average weighted lead-time November and January 

 November January 

Days 20 21 

Average weighted lead-time 6,04 6,28 

 

Furthermore from the SLAs the forecasted amounts of addresses were retrieved per type of bank 
accounts and per individual type of batch. Additionally the actual number of addresses was retrieved 
from the input logs. The aggregated total forecasts and actuals for November and January are shown 
in table 11, while the detailed data can be found in Appendix L. To calculate the capacity usage of the 
forecasts and actuals, the detailed data from Appendix L were normalized with the production rates 
per type of transcript. The aggregated total forecasted and actual normalized capacity utilizations are 
also presented in table 11. The printing and enveloping utilization were calculated to investigate 
initial feasibility. They were calculated based on the two printers and the three enveloping machines 
allocated to the production of the set of transcripts from bank accounts scheduled in SLAs. 

 

Table 11 shows that in both months the actual arrivals were higher than the forecasts, 7% higher in 
November and 18% higher in January. Consequently the capacity utilization rates for both stations 
are higher, though they do not linearly scale because of the different underlying amounts of 
addresses. Furthermore it is clear that January is a more critical month, as the utilization rates for the 
available capacity are higher. Important, however is to notice that production seems feasible under 
all inputs, as all utilization rates are under 100%. 

3.5 Summary of current situation analysis 
To give an analysis of the current situation this chapter first provided insight in the main types of 
transaction transcripts and their volumes over the year. A distinction was made between four types 
of transcripts: daily bank account transcripts, less frequent bank account transcripts scheduled in 
service level agreements (SLAs), annual transcripts and other periodical mail. Then the scheduling, 
production and distribution were discussed. It can be concluded that 72% of workload is contained in 

Forecast Actual % Forecast Actual %

Total volume 3.579.000 3.847.366 107% 4.067.320 4.807.713 118%

Used printing time 238,31 265,88 112% 269,09 313,05 118%

Available printing time 480 480 504 504

Printing Utilization 50% 55% 53% 62%

Used Enveloping time 594 655 113% 681 788 120%

Available Enveloping time 840 840 882 882

Enveloping Utilization 71% 78% 77% 89%

November January

Table 10: aggregated production data for basis scenarios (time in hours, volume in addresses) 
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the SLAs and therefore more or less schedulable. The overall capacity analysis showed the claims of 
fluctuating capacity to be true, with the highest peaks being 160% of daily print capacity and 210% of 
daily enveloping capacity. Then an analysis on the scheduled lead-times was carried out. In the 
current situation all daily transcripts and other periodical mail are produced with priority and sent 
with PostNL, so these have small lead-times ranging from 1 to 4 days. The less frequent bank account 
transcripts in the SLAs are sent with SandD and therefore have longer lead-times, ranging from 3 to 
12 days. The lead-times from the SLAs are considered to be the lead-times in general as the SLAs are 
the same month after month except for the forecasted volumes. This assumption was backed as no 
violations on the SLAs were found in the logs as well as the high scheduling accuracy of the SLAs. 

The focus is put on all the types of transaction transcripts contained in the SLAs as most of them are 
plannable and they share the same capacity. The current situation analysis showed that out of these 
only the retail payments, commercial payments and the regular savings accounts batches can be 
scheduled. The other savings accounts batches, credit card account batches and investment account 
batches have fixed arrival days. The shared machine group that is to be analyzed consists of the two 
high-speed printers (after deducting capacity needed for higher prioritized mail) in combination with 
three of the MPS enveloping machines.  

Based on this focus, two months were chosen as base scenarios to be able to compare the model to 
the current situation. November was chosen as regular month and January was chosen as most 
critical month. Assuming the general SLA lead-times for both of these months the average weighted 
lead-times are 6,04 and 6,28 days for November and January. This is the simplest number for 
comparison with schedules proposed by the model. 
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4 The model 
As was stated in the research assignment and scope in the first chapter of this paper, to fullfill the 
research assignment, a model is to be created to optimize integrated Master Production and Delivery 
Schedule for the plannable transaction transcripts, minimizing customer lead-time. The model should 
be able to take into account capacity usage, distributor selector and prioritization based on the 
frequency. This chapter models the situation at ING in a mathematical way. We will classify the 
characteristics of the model according to the literature. After that, the mathematical model is stated 
and explained in section 4.2. Section 4.3 will then discuss the model input and outputs and section 
4.4. 

4.1 Model characteristics 
This chapter outlines the model requirements and connects them to literature on lead-time 
reduction and integrated production and outbound distribution scheduling. 

Capacity 

On the scenario level capacity should be a variable parameter, so that the model is able represent 
the effects of different machine and work shift choices. On the modeling level first of all capacity 
usage is an overall constraints over the whole time horizon, as enough capacity needs to be available 
to produce all the scheduled transaction transcripts. Secondly, capacity is also a daily constraint, to 
prevent the scheduling of more workload than the daily capacity. As we have seen in the analysis of 
the current situation, this inherently creates unnecessary waiting time. 

Delivery choice 

On the scenario level we must be able to incorporate which 3PL postal company is chosen for 
delivery. Based on the schedule implied by the chosen 3PL postal company, the parameters on the 
model level must be adjustable. 

Machine configuration 

In the IPODS problems described in the literature review (Ganzeboom, 2015), usually only one 
production site is considered. In our model this is also the case, as production only takes place at the 
Mailingcentrum. Furthermore the machine setup consists of a flow shop environment, where we 
allocate two high-speed printers in the first production step and three high-speed MPS enveloping 
machines to the second step. 

Restrictions and constraints on order parameters 

Orders can have individual constraints or common constraints. For different types of constraints we 
refer to Pinedo (2002). In our models the orders have a different release date, but this is not a 
constraint. In fact, order release is the main variable. Using Pinedo’s notation 𝑟𝑗 signifies different 

release times of the orders. Therefore we would suggest the notation 𝑟(𝑥𝑗)as the release that here 

depends on the decision variable 𝑥𝑗. Usually 𝑓𝑑𝑗 is used for individual fixed delivery times. In our 

model delivery times are also dependent on the day of production, hence we would suggest 𝑓𝑑(𝑥𝑗). 

Lastly we would introduce the constraint on periodicity of the transaction transcripts, denoting that 
all 10 batches of a periodical transcript have to be produced that same period. We would denote this 

by ∑ 𝑥𝑖𝑗
𝑝∗𝑃𝑖
𝑗=𝑝 = 𝑄𝑖, where p signifies a period and Q a number of batches. 

Delivery characteristics 

Chen (2010) was one of the first to introduce delivery characteristics to scheduling problems. In his 
notation, the fleet characteristics are given by V(x, y) where 𝑥 defines the number of vehicles and 𝑦 
their capacity. Then the delivery and shipment structure is specified. Based on Chen (2010) the in the 
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current situation described delivery choices can be described as V(∞, ∞), as in our model no capacity 
and routing restriction are implied by the choice of 3PL postal company. Furthermore, the delivery 
and shipment structure can be described as fixed delivery departure dates (when delivery vehicles 
only leave at exact fixed times from the plant). 

Number of customers 

In the standard IPODS, the number of customers can vary from 1 to n. Here 1 off course means there 
is only one customer. In our model the number of customers where delivery has to take place does 
not matter, as the delivery lead-times form the 3PL postal companies are deterministic and only 
depend on the day of pickup for delivery. 

Objective function 

The objective function is a combination of “three performance measures: customer service level, total 
cost and total revenue” (Chen, 2010). Using our model however, we want to calculate the cost only 
per different scenario, based on the scenario’s parameters like capacity choices and distribution 
choices. Within each given scenario, we aim to find the optimal prioritized lead-times for the 
different transaction transcripts. Using Chen’s notation (2010) we could formulate this as ∑ 𝑤𝑗(𝐷𝑗 −

𝑟𝑗), or the weighted sum of delivery times minus release times. 

Perishability of information 

Based on the literature study, Lütke Entrup et al. (2005) and Amorim et al. (2012) provide methods to 
model perishability of products in integrated production and distribution models. Lütke Entrup et al. 
(2005) integrate perishability in the objective function in the MILP, linearly decreasing product value 
from production day to a certain best before day. Amorim et al. (2012) add the possibilities to use a 
make-to-order strategy to minimize lead-time and introduce the mean fractional remaining shelf life 
of products to measure freshness. This relates extra-incurred lead-time to the fixed shelf life of the 
product. In our situation the transaction transcripts have different periods, which we can be consider 
as a measure for fixed shelf life. Therefore we want to be able to prioritize transaction transcripts 
with a shorter lifetime (or higher frequency) above the ones with a longer lifetime. The model should 
incorporate this by giving weights to the batches of transaction transcripts (linearly) scaling with their 
frequency. 

4.2 Mathematical model 
This section formulates the mathematical model that is used to schedule the batches of plannable 
transaction transcripts. Because only whole batches of products can be scheduled each day, it is 
formulated as an integer linear programming model (ILP). First, the assumptions are stated, then the 
model is stated and lastly an explanation of the model and input parameters is given. 

Assumptions 

 The assignment of batches is done every month, based on forecasts on volumes. 
 The model only considers plannable products; not-plannable products are subtracted from 

the capacity before setting up the model. 
 All products have an exact number of batches to be produced during a certain period. We 

refer to this as a products frequency or periodicity. 
 Only products with a period equal or less than the considered time span are taken into 

account. 
 Product batch sizes (in number of pages and addresses) are deterministic and known in 

advance. 
 Production rates for each production step (printing and mechanical enveloping) for each type 

of product are constant. 
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 For each period, the total required production time for batches of products that are bound to 
that period does not exceed the available capacity during that period. 

 For each day, the total required production time for batches of products that are scheduled 
that day does not exceed the available capacity. 

 All scheduled product batches arrive at 6:00 am exactly. 
 Setup and changeover times are relatively small compared to production times and are 

incorporated in the production rates. 
 Total lead-time consists of production time (measured from day of arrival) and delivery lead-

time. 
 Due to capacity constraint each day and a flow shop production line, production times for 

products are maximized to be one day. 
 Delivery lead-time is deterministic and only depends on the decision which 3PL postal 

company does the distribution and which service is chosen. 
 The deterministic delivery lead-times depend on the day when the product if offered to the 

3PL postal company 
 The deterministic delivery times take different values based on the day the mail is offered to 

the 3PL postal company (otherwise we cannot minimize lead-time). 
 Costs for the model are not integrated, as they do not depend on the actual schedule, but 

only depend on the setting of the parameters (capacity expansion and 3PL postal company).  
Index:  

𝒊 Index used for products 
𝒋 Index used for days 
𝒌 Index used for production steps 
𝒑 Index used for periods 

  
Sets:  

𝑵 Set of periodical products of which a number of batches need to be produced 
𝑻 Set of days spanning the total planning horizon 
𝑲 Set of production steps 
𝑷 Set of possible unique periods for all periodical products 

  
Parameters:  

𝑸𝒊 Number of batches to be produced during each period of a product 𝑖 
𝑷𝒊 The periodicity of a product 𝑖 

𝑪𝒂𝒑𝒋𝒌 Capacity of production step 𝑘 on day 𝑗 

𝒘𝒊 Weight for a specific product, signifying its importance for short lead-times 
𝒂𝒊𝒌 Processing times of batches from product 𝑖 in production step 𝑘 
𝒗𝒊𝒌 Volume of a batch from product 𝑖, measures in units for production step 𝑘 
𝒓𝒊𝒌 Processing rate of a batch from product 𝑖 in production step 𝑘 
𝑳𝑻𝒋 Total lead-time from arrival at the production site to delivery at the customer 

depending on arrival day 𝑗 
  
Variables:  

𝒙𝒊𝒋 Variable to assign the number of batches of product 𝑖 to day 𝑗 

 

𝑀𝑖𝑛𝑖𝑚𝑖𝑧𝑒   
 

𝑍 = ∑ ∑ 𝐿𝑇𝑗 ∗ 𝑥𝑖𝑗 ∗ 𝑤𝑖

𝑖∈𝑁𝑗∈𝑇

∗ 𝑣𝑖2 (1) 
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𝑠𝑢𝑏𝑗𝑒𝑐𝑡 𝑡𝑜 

Maximum on daily capacity use: 

 
∑ 𝑎𝑖𝑘 ∗ 𝑥𝑖𝑗

𝑖∈𝑁

≤ 𝐶𝑎𝑝𝑗𝑘                                ∀𝑗 ∈ 𝑇;  ∀𝑘 ∈ 𝐾 (2) 

 

Exact amount of 𝑄𝑖  batches per product in each subsequent period of 𝑃𝑖 days in 𝑇: 

 

∑ 𝑥𝑖𝑗

𝑝∗𝑃𝑖

𝑗=𝑝

= 𝑄𝑖                               ∀𝑝 ∈ {1, … ,
𝑇

𝑃𝑖
}; ∀𝑖 ∈ 𝑁;  (3) 

 

Not plannable constraints: 

 𝑥𝑖𝑗 = 𝑡 (4) 

 

Positivity and integrity: 

 𝑥𝑖𝑗 ≥ 0,  𝑥𝑖𝑗  𝑖𝑛𝑡𝑒𝑔𝑒𝑟                                         ∀𝑖 ∈ 𝑁; ∀𝑗 ∈ 𝑇 (5) 

 

The model is an integer linear programming model, with an objective function (1) that minimizes the 
total weighted sum of lead-times resulting from the decision variable 𝒙𝒊𝒋, the number of batches to 

be produced of product 𝑖 on day 𝑗. Weights are given in two ways: first the batches are weighted 
over the number of addresses they contain, i.e. 𝑣𝑖2, where secondly the batches are weighted over a 
weighting factor 𝑤𝑖. When this function is divided by the constant total number of addresses sent 
over time horizon 𝑇, we get the total weighted average lead-time for the mail, which we want to 
minimize. Then as the names of the constraints already explain, constraint (2) makes sure that no 
more batches are scheduled, as the daily capacity of a production step would allow. This constraint 
prevents an overload in daily capacity, which would inherently lead to extra-incurred lead-time as 
the overload of products leads to an unnecessary day of waiting time. Then constraint (3) makes sure 
that all periodicity of each product is met. For each product it takes the period 𝑃𝑖 and generates 

constraints that exactly 𝑄𝑖  batches are produced during that period. This is done for all 
𝑇

𝑃𝑖
 subsequent 

periods. Then, constraint (4) forces all variables to be positive and integers, as only a positive integer 
amount of batches can be produced on any day. Constraint (5) is included as some batches of the 
products can only be scheduled on certain days in the month because their generation is connected 
to an intern process, for instance the rebalancing of the credit cards. 

The scheduling problem has to decide on the number of batches per product to arrive on which day 
over a constant time horizon of 𝑇 =  {1,2, … , 𝑡} days. Here horizon 𝑇 is at least as long as the 
smallest period 𝑃𝑖 of the products and furthermore is an exact multiple of each possible period for a 
product. The decision variable 𝑥𝑖𝑗   (𝑖 ∈ 𝑁, 𝑗 ∈ 𝑇) denotes the number of batches per product per 

day. 

Following these two, the total number of batches per product over the whole horizon 𝑇 is calculated 

by 
𝑇

𝑃𝑖
∗ 𝑄𝑖 and the total number of batches of all products is the sum over all products: 
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∑ [

𝑇

𝑃𝑖
∗ 𝑄𝑖]

𝑖

 (6) 

 

The production takes place in multiple production steps 𝐾 =  {1,2, … , 𝑘} each with a given number 
of machines and production shifts. This creates a daily-capacitated production environment. Due to 
changes in workforce, batches and time slots, capacity can vary per day and is a parameter of 
available machine hours per day per production step indicated by 𝐶𝑎𝑝𝑗𝑘  (𝑗 ∈ 𝑇, 𝑘 ∈ 𝐾). 

Each product’s batches have the same deterministic constant processing times for each production 
step 𝐾 =  {1,2, … , 𝑘}, denoted by 𝑎𝑖𝑘. This processing time results from a constant volume 𝑣𝑖𝑘 of a 
batch of a product, divided by a constant production rate 𝑟𝑖𝑘. We assume that production times of all 
batches for all products are shorter than the daily capacity in machine hours. Hence processing times 
per batch are denoted by: 

 𝑎𝑖𝑘 =  
𝑣𝑖𝑘

𝑟𝑖𝑘
  

 
(7) 

It follows that total time consumed for production per product is given by: 

 
∑ [

𝑇

𝑃𝑖
∗ 𝑄𝑖 ∗ 𝑎𝑖𝑘]

𝑘

 

 

(8) 

And that total time consumed by production is the sum over all products: 

 
∑ ∑ [

𝑇

𝑃𝑖
∗ 𝑄𝑖 ∗  𝑎𝑖𝑘]

𝑘∈𝐾𝑖∈𝑁

 

 

(9) 

As mentioned before, when the production is finished, batches wait for the next pickup moment of 
the 3PL postal company and are then delivered to the customer. We assume that production times of 
the batches are deterministic. Furthermore for all products the size of the batches is limited, so that 
their production can be finished within one day.  Hence by setting a daily capacity constraint on total 
production time of arriving batches, we assure that production of batches takes place the same day. 
In the case of a pickup for delivery before the end of the day, the daily capacity will be limited as 
well, so that batches will always be picked up for delivery the next pick up moment. This results in a 
deterministic, constant lead-time, which only depends on the day of arrival of the batches. This lead-
time consists of the time between release and delivery at the customer with the first delivery option, 
incorporating production lead-time, waiting time before pickup and delivery lead-time in between. 
We denote it the lead-time depending on production day with 𝐿𝑇𝑗 (𝑗 ∈ 𝑇). 

For feasibility reasons, the total production time demanded for each production step should never 
exceed the total available capacity of the production step per period. Now as horizon 𝑇 is an exact 
multiple of all possible periods 𝑝 ∈ 𝑃, checking capacity over the whole timespan 𝑇 is the same as 
checking per period p. 

 
∑ [

𝑇

𝑃𝑖
𝑄𝑖 ∗ 𝑎𝑖𝑘]

𝑖∈𝑁

≤ ∑ 𝐶𝑎𝑝𝑗𝑘

𝑗∈𝑇

                     ∀𝑘 ∈ 𝐾; ∀𝑝 ∈ 𝑃  (10) 

 However this does not guarantee that there exists a feasible solution, because when the total 
production time for all the batches comes too close to the total capacity, the influence of the size of 
the batches increases. The lower the number of batches and the larger production time of batches, 
compared to daily capacity, the harder to find a solution. This is similar to the classical bin packing 
problem, where the minimal number of bins to fit all items rises when the individual size of items 
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increases, while total size would stay the same. In this case, this means that not all batches can fit 
into days 𝑗 ∈ 𝑇. 

4.3 Model inputs and outputs 
In this section we outline the input and output requirements of the model. 

4.3.1 Input 

Overall 

Time horizon (days) 

 

Product 

Plannable transaction transcripts each with a periodical demand 

Number of batches per product per period 

Volume (pages per batch of product) 

Volume (addresses per batch per product) 

Production rates per batch per workstation (volume/hour) 

 

Production Capacity 

Number of available (allocated) machines per production step 

Work hours per day according to shift schedules (hours/day) 

Processing stations 

 

Delivery 

Delivery schedule PostNL (Lead-time/offering day) 

Delivery schedule SandD (Lead-time/offering day) 

Cost of delivery with PostNL 

Cost of delivery with SandD 

Cost of extra capacity machines (€ /machine) 

Costs of extra capacity worker hours (€/hour) 

 

4.3.2 Output 

Assignment 

Assignment of release of number of batches per product per day 

 

Design output 

Minimum lead-time for each combination of transaction transcript and periodicity 

Maximum lead-time for each combination of transaction transcript and periodicity 

Average lead-time for each combination of transaction transcript and periodicity 

Average weighted lead-time all transcripts 

Capacity use on daily basis (used capacity/available capacity) 

Average capacity utilization (used capacity/available capacity) 

Incurred cost for extra capacity (€) 

Incurred cost for delivery (€) 

 

4.4 Solving the model 
In this section we describe the procedure we followed to solve the formulated mathematical 
problem. This consists of a classification of the problem and search for algorithms and heuristics, a 
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description of the program choice and solving station setup and a description of the final algorithm 
we used to solve the model. 

4.4.1 Model classification 
The linear programming model that we outlined belongs to the class of integer linear programming 
(ILP) models. Integer Programming models are a widely used technique to deal with problems that 
arise in fields such as capital budgeting, production planning, capacity planning, scheduling and 
engineering (Tsai et al., 2008). More specifically our problem may be viewed as a bin-packing 
problem, where batches of products have to be packed into a number of bins, representing the days. 
Our problem additionally introduces weights or valuation to the available bins, depending on both 
the type of the bin (or a day our schedule), and the item to be packed (some batches of products are 
given more priority). Like the general ILP problem, the bin-packing problem is also considered as NP-
hard in the literature (Garey & Johnson, 1979). Moreover our problem extends the bin-packing 
problem with additional constraints to ensure periodicity of the products is met, which makes it even 
more complicated. 

To optimally solve integer linear programs, heuristics and algorithms have been developed in the 
past research. Biegler and Grossmann (2004) give a comprehensive overview of deterministic 
methods including the branch and bound method, described by Dakin (1965), branch-and-cut 
(Caprara and Fischetti, 1997) and branch-and-price methods (Barnhart et al., 1998). All of these the 
total solution space as a tree of smaller candidate solutions, where each branch from the root 
deviates in a small way from the root or branch that it splits from. Solutions are found by tracing the 
branches that attribute the most to the specified selection criterion. Other heuristics are the 
Generalized Benders Decomposition (GBD) method where the total solution to a linear programming 
problem is considered a combination of solutions to several smaller blocks of linear programming 
problems. (Geoffrion, 1972), the Outer-Approximation (OA) method (Quesada and Grossmann, 1992) 
and Extended Cutting Plane Method (ECP) (Westerlund and Pettersson, 1995), which starts with the 
solution to the linear relaxation of the problem, and iteratively tries to refine this into an integer 
solution.  

4.4.2 Program choice and computer setup 
The scope of this thesis is to find optimal solutions to the presented scheduling problem and create a 
tool by which Document Management and the planners at the Mailingcentrum can improve their 
scheduling. Therefore we created a manual scheduling tool in excel, incorporating all the 
components of the linear programming model and tried excel extensions to solve it. Unfortunately 
the proposed problem consists of 9 products over 20 days, which creates 180 variables that in 
combination with the complexity of the integrity of the variables cannot efficiently be solved by open 
source Excel extensions such as Solver and Opensolver. Therefore it was decided to use the excel tool 
to manually solve the problem and use Matlab to search for optimal solutions. The first could then be 
used in practice, while the latter would investigate the added value of a scheduling program. 

To solve the model we used Matlab’s Integer Linear Prorgam solver. Matlab is a widely used scientific 
program by Mathworks, with many built-in functions for solving a wide variety of scientific and 
mathematical problems. Matlab requires setting up the problem using specific functions and input 
matrices created by coding. This makes it versatile and adjustable to solve many problems with many 
algorithms and heuristics. The major downside though is its difficulty of using it for non-
programmers. To solve the program, we used Matlab’s intlinprog function with the default settings 
for heuristics which can be found on Mathworks website (Mathworks.com, 2015). Matlab then 
searches for an Integer solution combining the Branch and Bound and Basic Cut Generation 
heuristics. The model is run on a 2.4 Ghz Intel Core 2 Duo, 4GB DDR2 RAM computer under the Mac 
OS X 10.7.5 operating system. The model runs within 1 to 2 minutes and returns the optimal solution. 
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5 Model application 
This chapter investigates the performance of the model and compares it with the base scenarios 
chosen in the current situation analysis. The model considers the scheduling of all transaction 
transcripts contained in the SLAs. For comparison two base scenarios are chosen: a normal month, 
November, and the most critical month January. For a good comparison, initially all parameters were 
set to match the current situation as closely as possible.  

The model was then created in Matlab to optimize the scheduling of the transaction transcripts 
under these circumstances. For all plannable transaction transcripts the model returns the exact 
monthly planning of which batch of transaction transcripts is scheduled on which day. Furthermore 
the lead-time per type of transaction transcripts and frequency is taken as the performance output. 
To analyze further possible changes in the supply chain a sensitivity analysis is carried out on the 
prioritization weights, adjustment of available capacity (scheduled work hours and available 
machines) and the change of 3L postal company. These are carried out on the month November; as 
this month is believed to most represent the future months in 2015 and 2016. 

5.1 Parameter settings 
This section introduces the parameter exact parameter settings for the model. This concerns the 
adjustment of the capacity allocated for scheduling. This is adjusted to create production windows 
that are most efficient towards the distribution pickup moments. Furthermore weighting factors are 
introduced to prioritize the types of bank accounts and their frequencies in terms of lead-time 
reduction. 

5.1.1 Capacity 
The capacity in the model is given by an array with for each day the number of productive hours 
available to schedule. There are two arrays as there are two machine stations. As our model only 
considers the bank account transaction transcripts, the model needs allocated capacity taking to take 
into account the other types of transaction transcripts. Furthermore the model should incorporate 
the pickup moments of the delivery company, at those days the production has to be finished at least 
half an hour before the 3PL postal company comes to pick up the mail. Figure 15 gives an overview of 
the capacity allocation to the model.  

 

Figure 14: scheduling capacity taking into account SandD’s pickup schedule 

For printing both fast speed chain printers are used 14 work hours per day. To produce the daily 
transaction transcripts and the other periodical mail (not considered in the model) 4 hours are 
deducted every day. The daily capacity therefore is 24 machine hours for printing. Furthermore three 
MPS enveloping machines are allocated to the model, providing a capacity of 3 x 14 = 42 machine 
hours for enveloping.  
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To incorporate decisions regarding the 3PL choice we incorporate their pickup times in the schedule, 
as on the day of pickup all production has to be finished half an hour before pickup. We don’t want 
to schedule more production, because that inherently incurs waiting time until the next pickup 
moment. As a basis the model incorporates SandD’s pickup and delivery schedule, as this is the 
current standard. In the sensitivity analysis following this chapter, also the influence and cost of 
PostNL as 3PL postal company will be considered.  

If SandD is chosen for delivery, the available capacity for scheduling on Tuesdays and Thursdays is 
therefore adjusted to force the scheduled production to fit into the time starting after printing and 
until pickup at 17:00 (see section 3.3). An overview of this particular scheduling is shown in figure 17. 

On Tuesdays and Thursdays the production capacity is 7 machine hours per machine, due to the 
pickup moments of SandD (from 6:30 to 16:30, minus two hours waiting for printing and one hour of 
breaks). For Mondays and Wednesdays capacity available for scheduling is 14 hours per machine as 
on Mondays and Wednesdays the machines also have to wait for printing but can produce until the 
end of the day and even include the mornings of Tuesday and Thursday (until the new workload 
arrives after its printed), without incurring extra lead-time. In this way, on Tuesday and Thursday 
morning, enveloping can still start at 6:30, but only with work that already arrived on Monday or 
Tuesday. On Fridays 11,5 hour per machine can be scheduled, only having to wait for printing in the 
morning 

This results in the capacity allocation to the model as shown in table 7. This allocation forces all 
production between pickup moment from SandD and being able to minimize lead-time by still 
considering the days of arrival separately. 

Table 11: 3PL distributor integration into capacity and lead-time 

 3PL postal 
company 

Model parameters Mon- 
day 

Tues- 
day 

Wednes- 
day 

Thurs- 
day 

Fri- 
day 

Satur- 
day 

Sun- 
day 

SandD Printing hours/machine 12 7 12 7 12   
 Enveloping hours/machine 14 7 14 7 14 - - 
 Lead-time (days) 4 3 6 5 7 - - 

 

5.1.2 Weighting factors for prioritization 
In the model three major types of transcripts need to be scheduled: retail payments account 
transcripts, commercial payment account transcripts and savings account transcripts. The first two of 
these have multiple frequencies consisting of weekly, 2-weekly to monthly. As shown in section 3.4, 
in the current situation, there is only little prioritization of the more frequent transcripts. By using 
weighting factors in our model the perishability of the product is taken into account, modeling the 
decrease in value of past information. The weighting factors were established in accordance with ING 
operations managers and are given in table 8.  

Frequency Weight

Reta i l  payment accountsWeekly 400

2-weekly 200

Monthly 100

Commercia l  payment accountsWeekly 800

2-weekly 400

Monthly 200

Savings  accountsMonthly 1

Table 12: prioritization weights 
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Following the modeling of perishability by Lütke Entrup et al. (2005), in our model the periodicity of 
the product is treated as the fixed shelf life and a day in lead-time reduction is nominated against this 
period. Therefor the weights of the weekly transcripts are four times the weights of the monthly 
transcripts, as can be seen in table 8. Furthermore extra valuation to lead-time reduction was given 
per product. Commercial payments have a priority 2 times higher than the retail payments accounts, 
which in turn are valued 100 times higher than savings accounts. In the current situation the savings 
accounts aren’t even produced in the timeframes before the next pickup by SandD. 

5.2 Scenarios 
Now the model is developed and the input parameters are established, the model is used as a tool to 
produce a master production schedule for the months November and January, coordinating the 
generation and release to the Mailingcentrum of all plannable transaction transcripts. In order to 
assess the improvement and efficiency of our model, for both months the current schedule is 
presented first, followed by the initial optimal solution that the model creates. All the scenarios 
assume the same parameters as explained in the previous section. The only difference is the size of 
the batches and the scheduling. The size depends on being the scheduled size or actual arrivals and 
the scheduling being either the current SLA or an optimized schedule resulting from the 
mathematical model. 

For clarity reasons, only the outputs affected by the model are shown in the analysis. After the 
comparison of the models to the base scenarios, the influence of the parameter settings for 
prioritization, capacity and 3PL choice and the costs for changing them will be investigated for the 
month November. To present the scheduled situations in a clear way, it is chosen to show the 
scheduled arriving batches in a graph over the month. Each type of bank account transcript is 
represented by a color, as can be found in the graphs legend. The different frequencies are 
represented by lighter tints for the more frequent batches of transaction transcripts. Lastly the 
available capacity before SandD’s pickup for enveloping is shown as a yellow-toothed line. The teeth 
are the results from the pickup moments by SandD, as on Tuesday and Thursday production for 
SandD needs to finish before 16:30. Everything under the line will be sent the next pickup moment, 
the rest is sent with one later. 

5.2.1 Current scheduled situation November 
The current scheduled situation November is the situation that is scheduled in the current service 
level agreements (SLAs) by the order managers of Document Management and the ING internal 
business partners belonging to the types of bank account that have scheduled transcripts. The SLAs 
can be found in Appendix D-H. The schedules were made following the description in section 3.3. As 
described there, the current situation is measured based on the SLAs because there are no actual 
measures of lead-time on the batch level. By study of the SLA violations log and the actual arrivals 
versus the scheduled (see section 3.3. or Appendix for more detail) the reliability of the SLAs is 
confirmed.  

Figure 15 shows the arrivals in the current situation. This graph shows a clear picture of the main 
findings about the current analysis already presented in section 3.3 and 3.4. Clearly in the beginning 
of the month there are more scheduled batches than production capacity would allow. Furthermore 
the highly frequent batches are scheduled on Mondays and Thursday, which is safe to be produced 
before the next pickup moment, but is not optimal in terms of lead-time. 
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Figure 15: current scheduled situation 

In the current situation November we see the highest peak of input on November 4th. The 
standardized input that day was 63,04 hours of enveloping, while available capacity before SandD’s 
pickup is only 21 hours. Therefore under the current schedule achieving ING’s goal of TiTo production 
with this overload of over 300%, would require about three times the current number of machines. 
On the other hand, on November 14th there is no arrival scheduled at all. 

5.2.2 Optimal scheduled situation November 
The optimal scheduled situation November shows the results obtained from running the 
mathematical model, as described in chapter 5, in Matlab and implementing the outcomes in Excel to 
calculate the effects on the lead-times for the scheduled transcripts batches and additional capacity 
measures. The input of the forecasted batch sizes from the SLAs were used, as these do present 
measures of lead-times on individual batch and frequency levels, while the actual arrive in larger 
batches only per type of accounts and lack that level of detail. The model minimizes the total 
weighted lead-times and hence the total average weighted lead-times. The weighting is done on the 
basis of the total forecasted amount of transcripts sent per type and per frequency and an extra 
weighting factor to incorporate prioritization of more frequent transcripts and ING’s preferences per 
type. The exact inputs to the model are the same as in the current scheduled situation.  

Figure 16 shows the resulting batch schedule from the mathematical model, where the amount of 
batches per day is given by their colors and the length represents their use of the bottleneck capacity 
of enveloping. It is clear that the model takes into account the available capacity per day based on 
SandD’s pickup moments on Tuesday and Thursday. The model also proves to handle the frequency 
constraints well, as each frequency is represented by the appropriate amount of batches each 
period. Furthermore using the weighting factors the model prioritizes the more frequent batches of 
transcripts. They are mainly scheduled on the best days, being the Monday and the Tuesday. The 
least priority was given to the savings accounts, and the model allocates them to the worst days, 
Wednesday and Friday. Lastly it is worth mentioning that the model does not only force the 
production into time frames optimized for SandD’s pickup schedule, but collaterally forces the 
arrivals to be leveled over the month. 
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Figure 16: optimal scheduled situation 

5.2.3 Comparison November 
The total results in terms of lead-times per type of transcripts are given in table 14. Clearly the model 
minimizes the total weighted average lead-time. This is reduced from 6,04 to 5,07, which is a 
reduction of 16%. Most of the other types of batches have improved average lead-times and 
maximum lead-times as well, although it seems at the cost of the weekly and 2-weekly commercial 
payments transcripts. This is the result using the priority weighting factors as shown in table 13. In 
the sensitivity analyses, the weighting factors are adjusted. 

Table 13: lead-time performance current situation and scheduled situation November 

 

5.2.4 Current scheduled situation January 
The current scheduled situation in January is like the current situation in November, except for the 
forecasted amounts and two types of savings account batches. Figure 17 shows the arrivals in the 
current situation. 

Frequency Average lead-

time (days)
Min lead-

time (days)

Max lead-

time (days)

Average lead-

time (days)
Min lead-

time (days)

Max lead-

time (days)

Weekly 4,6 4 5 3,05 3                   4                   

2-weekly 4,8 4 6 4,2 4                   5                   

Monthly 6,16 4 7 6 4                   7                   

Weekly 4,2 3 5 3,35 3                   5                   

2-weekly 3 3 3 4,3 3                   5                   

Monthly 4,2 3 5 5,3 5                   6                   

Monthly 9,4 6 12 6,2 6                   7                   

Groei  (monthly) 10 10 10 8 8                   8                   

Pens ioensparen (monthly) 7,5 10 10 8 8                   8                   

Levens loop (quarterly) 10 10 10 8 8                   8                   

Groei  Groter (quarterly) 0 0 0 0 -                -                

Spaarloon (quarterly) 0 0 0 0 -                -                

Creditcards  (monthly) 6 4 8 5 5                   5                   

Platinumcards  (monthly) 6 4 8 5 5                   5                   

Hypotheken (monthly) 6,5 6 7 6 6                   6                   

Rente (monthly) 4 4 4 4 4                   4                   

Total 6,04 5,07

Savings 

accounts

Credit card 

accounts

Investment 

accounts

Current scheduled situation November Optimal scheduled situation November

Retail 

payment 

accounts

Commercial 

payment 

accounts
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Figure 17: current scheduled situation 

Again there are heavy peaks in the beginning of the month. These peaks are even higher than in 
November, as the forecasted amount of addresses is higher in January.  

5.2.5 Optimal scheduled situation January 
The optimal scheduled situation January again shows the results obtained from running the 
mathematical model, in Matlab and implementing the outcomes in Excel to calculate the effects on 
the lead-times. Figure 20 shows the resulting batch schedule from the mathematical model, where 
the amount of batches per day is given by their colors and the length represents their use of the 
bottleneck capacity of enveloping. 

 

 

Figure 18: optimal scheduled situation 

It is clear from this graph that it is impossible to schedule all the forecasted batches within the 
boundaries set by SandD’s delivery schedule. This is due to the high utilization rate of the enveloping 
capacity being 77% while the time within the boundaries of SandD only spans 80% of the total 
capacity. As a result, on January 6th and January 13th the investment accounts batches are scheduled 
in the evening and on January 29th the credit cards batches were scheduled in the evening as well. 
Therefore these batches have longer lead-times. 

5.2.6 Comparison January 
The results in terms of lead-times per type of transcripts between the optimal situation in January 
and the current scheduled situation in January are given in table 15. For January the model also 
minimizes the total weighted lead-time and it is reduced from 6,28 to 5,41, which is a reduction of 
14%. Most of the other types of batches have improved average lead-times and maximum lead-times 
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as well. The highest reduction is among the regular monthly savings accounts batches of which the 
average lead-time is reduced from 9,4 to 6,2 days, which is 34%. Second best are the weekly 
transaction transcripts with a reduction of 33% from 4,6 to 3,1 days lead-time. Again this comes at 
the cost of the weekly and 2-weekly commercial payments transcripts that have an increase of 33% 
and 24% respectively. Analogously to the optimal scheduled situation for November, this is due to 
the weighting factors shown in table 13. In the sensitivity analyses, the weighting factors are adjusted 
and are tested for November. January’s scheduling is expected to change in the same way, as most 
parameters are kept the same level. For now, the analysis for the month January has proven that the 
model works in the most critical month. Therefore it is expected to work for the rest of the year. 

Table 14: lead-time performance current situation and scheduled situation January 

 

5.3 Sensitivity analysis 
In order to investigate the sensitivity of the model and answer the research questions, the user 
chosen input parameters are changed and the model is run to find the optimal solution under the 
new circumstances. As a basis scenario, the month November was used, as January is an exceptional 
critical month and November is considered more representative of the rest of 2015.  

The user input variables that are changed are the prioritization weights of the type of transcripts and 
their frequencies, the total available capacity and the chosen 3PL postal company for distribution. To 
be able to make a good comparison between the optimized results from the different alternative 
settings, the current scheduling and the initial optimization, the set of transcripts and their 
accompanying volumes to be optimized is kept constant. For this the forecasted amounts based on 
the current SLAs were chosen, and the optimal scheduled situation is used as the initial model. The 
alternative situations are compared to the initial model based on the weighted average lead-time 
from the model. This is the best single measure for comparison as it represents the average lead-
time of a single transaction transcript. The weighted average lead-time of the initial model is 5,05 
days, which is set to 100%. To provide further insight, the average lead-time is also given separated 

Frequency Average lead-

time (days)
Min lead-

time (days)

Max lead-

time (days)

Average lead-

time (days)
Min lead-

time (days)

Max lead-

time (days)

Weekly 4,6 4 5 3,1 3                   4                   

2-weekly 4,8 4 6 4,2 4                   5                   

Monthly 6,16 4 7 6 4                   7                   

Weekly 4,2 3 5 3,35 3                   5                   

2-weekly 3 3 3 4 4                   4                   

Monthly 4,2 3 5 5,2 5                   6                   

Monthly 9,4 6 12 6,2 5                   7                   

Groei  (monthly) 10 10 10 8 8                   8                   

Pens ioensparen (monthly) 7,5 10 10 8 8                   8                   

Levens loop (quarterly) 10 10 10 8 8                   8                   

Groei  Groter (quarterly) 10 10 10 8 8                   8                   

Spaarloon (quarterly) 10 10 10 8 8                   8                   

Creditcards  (monthly) 6 4 8 7 7                   7                   

Platinumcards  (monthly) 6 4 8 7 7                   7                   

Hypotheken (monthly) 6,5 6 7 8 8                   8                   

Rente (monthly) 4 4 4 7 7                   7                   

Total 6,28 5,41

Retail 

payment 

accounts

Commercial 

payment 

accounts

Savings 

accounts

Credit card 

accounts

Investment 

accounts

Current scheduled situation January Optimal scheduled situation January
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over each combination of the types of transcript and frequencies. Lastly, if existent, the difference in 
yearly costs of each alternative to the initial model is shown. 

5.3.1 Weights: prioritization factors and volume weights 
The mathematical model minimizes the objective function of the total weighted lead-times. The 
weight is twofold, namely on the amount of addresses contained per different type of batch of 
transcripts and a prioritization factor. Both of these influence the scheduling in the model and the 
resulting lead-times of transcripts per type and in total. For volume there are two options, either it is 
taken into account or not, while the prioritization factors can take any positive value. Therefore two 
main branches of alternatives are investigated. The first branch does not take the batches’ volumes 
into account and then considers different sets of prioritization factor. The second branch also 
investigates different sets of prioritization factors but does take the batches volumes into account. 
The initial model is also a part of this branch. 

 

This first branch of alternatives shows that when the volume of the batches is not incorporated in the 
model, the commercial batches are scheduled on the best day. This is a logical result as these batches 
have the lowest volumes and therefore would contribute the most to a not weighted total. The total 
weighted average lead-time, expectedly, is slightly higher than the initial model. So a random 
individual transaction transcript would on average benefit less. Individually none of these sets of 
prioritization weights would lead to a situation where the average lead-times for all types of 
transcripts are better than the current scheduled situation. Critical are the retail 2-weekly transcripts 

and commercial payments monthly (4,80 days and 4,20 days respectively in the current schedule). 
Remarkable is the fact that the retail payments batches are not affected by the prioritization. Its high 
volume, giving only a limited number of possible scheduling positions in the month, causes this. 
Lastly there is no difference between alternative 1.6 and 1.7. 

 

Alternative Priority weights
Volume 

weights

Retail 

weekly

Retail 2-

weekly

Retail 

monthly

Comm. 

weekly

Comm. 2-

weekly

Commer. 

monthly

Savings 

monthly

Unweighted 

average

Weighted 

average

Compared to 

initial model

1.1 1-1-1-1-1-1-1 no 3,30 4,90 6,00 3,00 3,00 4,30 5,70 4,31 5,08 101%

1.2 4-2-1-4-2-1-1 no 3,25 4,30 6,00 3,00 3,00 5,80 6,00 4,48 5,07 101%

1.3 40-20-10-40-20-10-1 no 3,25 4,30 6,00 3,00 3,00 5,50 6,40 4,49 5,13 102%

1.4 400-200-100-400-200-100-1 no 3,25 4,85 6,00 3,00 3,00 4,20 6,30 4,37 5,17 102%

1.5 4-2-1-8-4-2-1 no 3,25 4,85 6,00 3,00 3,00 4,20 6,30 4,37 5,17 102%

1.6 40-20-10-80-40-20-1 no 3,25 4,95 6,00 3,00 3,00 4,00 6,40 4,37 5,20 103%

1.7 400-200-100-800-400-200-1 no 3,25 4,95 6,00 3,00 3,00 4,00 6,40 4,37 5,20 103%

Table 15: sensitivity of the modeled lead-times in days to different sets of priority weights, excluding batch volume 

Alternative Priority weights
Volume 

weights

Retail 

weekly

Retail 2-

weekly

Retail 

monthly

Comm. 

weekly

Comm. 2-

weekly

Commer. 

monthly

Savings 

monthly

Unweighted 

average

Weighted 

average

Compared to 

initial model

2.1 1-1-1-1-1-1-1 yes 4,00 4,45 6,00 5,45 4,60 6,00 3,00 4,79 4,75 94%

2.2 4-2-1-4-2-1-1 yes 3,03 4,10 6,00 3,83 5,00 6,00 5,20 4,74 4,89 97%

2.3 40-20-10-40-20-10-1 yes 3,03 4,10 6,00 3,75 4,60 5,20 6,20 4,70 5,03 100%

2.4 400-200-100-400-200-100-1 yes 3,03 4,10 6,00 3,75 4,60 5,20 6,20 4,70 5,03 100%

2.5 4-2-1-8-4-2-1 yes 3,03 4,20 6,00 3,40 4,40 6,10 5,30 4,63 4,92 98%

2.6 40-20-10-80-40-20-1 yes 3,05 4,20 6,00 3,35 4,30 6,10 5,30 4,61 4,92 98%

Initial 400-200-100-800-400-200-1 yes 3,05 4,20 6,00 3,35 4,30 5,30 6,20 4,63 5,05 100%

2.7 4-2-1-800-400-200-1 yes 4,00 4,85 6,00 3,00 3,00 3,20 5,90 4,28 5,14 102%

2.8 40-20-10-800-400-200-1 yes 4,03 4,75 6,00 3,00 3,00 3,20 6,20 4,31 5,18 103%

Table 16: sensitivity of the modeled lead-times in days to different sets of priority weights, including batch volume 
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The second branch of alternative weight setting shows the impact of both the volume of the batches 
and the prioritization. Clearly the first things to see is that the initial chosen weights do not lead to 
the optimal schedule in terms of weighted average. Alternatives 2.1, 2.2, 2.4 and 2.5 show lower 
weighted averages. This is caused by a relatively lower difference in weight between the savings 
transcripts and the other, resulting in a better schedule for the savings accounts batches and an 
improved weighted average. Another thing that becomes clear is that only when the commercial 
payments accounts are assigned prioritization weights 20 times higher than the commercial 
payments accounts and even 200 times higher than the savings accounts, they are prioritized the 
most and are given the best production days in the optimized schedule. Lastly, remarkable is that 
only alternative 2.8 provides a solution where all the average lead-times per type of transcripts are 
lower than the current scheduling in the SLAs, but results in the highest weighted average of this 
series. Therefore it is understandable that for the implementation of the model ING would choose 
this prioritization, as all ING business partners would benefit from the schedule.  

5.3.2 Capacity: machines and nightshifts 
The main constraint to the scheduling is the daily capacity in which the production of the batches of 
transcripts has to fit. In this section we investigate the impact of the production capacity on the lead-
times for the transaction transcript. ING considers two options to change capacity: the expansion in 
number of printing and enveloping machines, or extending the daily work hours by adding a 
nightshift. These provide two branches of alternatives that will be examined. The model is set to run 
under the initial parameters and is compared to the initial model, based on the weighted average 
lead-time. Additionally the difference in yearly costs of each alternative to the initial model is shown. 

Additional machines 

As mentioned in section 6.1, the modeled daily capacity per machine is 14 hours on Mondays, 
Wednesdays and Fridays and 7 hours on Tuesdays and Thursdays. The difference between days is 
caused by SandD’s pickup moments on Tuesdays and Thursdays at 17:00 and the shift of workload to 
print the day in advance, so enveloping can start right away in the morning, instead of waiting two 
hours while the printers print higher prioritized mail first. This was shown in figure 17. Now simply 
adding machines would lead to more capacity on Mondays and Tuesdays and therefore lead to 
better lead-time performance both for individual types as overall. This effect and the other results 
are shown in table 13, which shows only the most efficient and hence noteworthy setups of 
machines. The increase in capacity for each extra printer and each enveloping machine is slightly 
more than the current hours per day, as after adding an extra printer the enveloping machines can 
start 2 hours earlier. Finally, to calculate the yearly cost a fixed costs for leasing a high speed printing 
machine or a MPS enveloping machine was taken in to account. For confidentiality reasons, this costs 
can be found in the disclosed addendum. A comparison between the scenarios is given in figure 19. 
An overview is presented in table 18. Exact costs are shown in the confidential addendum. 

 

Alternative
Printing 

machines

Enveloping 

machines

Retail 

weekly

Retail 2-

weekly

Retail 

monthly

Comm. 

weekly

Comm. 2-

weekly

Commer. 

monthly

Savings 

monthly

Unweighted 

average

Weighted 

average

Compared 

to initial 

model

Cost 

(€/year)

Initial 2 3 3,05 4,20 6,00 3,35 4,30 5,30 6,20 4,63 5,05 100%                   -   

3.1 3 3 3,10 3,85 6,00 3,18 3,60 5,10 6,70 4,50 5,04 100% 120.000

3.2 2 4 3,00 3,80 5,10 3,23 4,30 4,30 5,80 4,22 4,51 89% 100.000

3.3 3 4 3,00 3,60 5,00 3,23 3,80 4,50 6,00 4,16 4,47 89% 220.000

3.4 3 5 3,00 3,60 4,40 3,10 3,60 4,10 5,70 3,93 4,19 83% 320.000

3.5 3 6 3,00 3,40 4,10 3,00 3,20 4,00 4,80 3,64 3,86 76% 420.000

3.6 3 7 3,00 3,20 4,00 3,00 3,00 4,00 4,00 3,46 3,63 72% 520.000

3.7 4 10 3,00 3,00 4,00 3,00 3,00 3,00 3,90 3,27 3,50 69% 940.000

3.8 9 15 3,00 3,00 3,30 3,00 3,00 3,20 4,00 3,21 3,30 65% 2.040.000

3.9 11 20 3,00 3,00 3,00 3,00 3,00 3,00 3,00 3,00 3,00 59% 2.780.000

Table 17: sensitivity of the modeled lead-times in days to capacity variation in number of machines 
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Most notable alternative is 3.1 that shows that adding one printer to the current setup creates extra 
time slots on Tuesday and Thursdays and improves lead-time averages for most of the types of 
transcripts, though at the expense of the savings accounts average lead-times. Furthermore 
alternative 3.6 is noteworthy as in that situation all transaction transcripts have lower lead-times that 
4 days, meaning arrival and production happen only on Monday and Tuesday. Then alternative 3.9 
shows the situation where all the plannable transaction transcripts are scheduled on Tuesday. This 
alternative answers ING’s question what the most optimal schedule for SandD would be. 

Additional machines, combined with nightshifts 

In addition to adding a number of machines, ING and DM want to investigate to run a 24 hr., three-
shift production by adding a nightshift. Adding one nightshift would simply increase daily capacity 
with 6,25 hours per machine and create more scheduling time on the beneficial days. Table 14 shows 
the effects of adding extra night shifts in addition to extra machines. Nightshifts are only scheduled 
on Monday, Wednesday and Friday, as these are the nights that count towards SandD’s pickup 
moment. In the fourth column the total number of scheduled nightshift hours per week for printing 
and enveloping are given. It is assumed that only full nightshifts of 6,25 hours per machine can be 
scheduled. The in the current situation during the day reserved 4th MPS enveloping machine is taken 
into account as well. The incremental cost for a nightshifts is a 50% loan premium, which is 
calculated to be € 17,19 for each nightshift hour for printing and € 14,07 per nightshift hour for 
enveloping. Yearly costs are calculated on a 52-workweek basis and only the most cost efficient 
alternatives are shown in table 14. The exact costs per scenario can be found in the confidential 
addendum. Figure 19 shows the relative costs per scenario. 

 

The first striking point from the nightshift analysis is that the current scheduled amount of transcripts 
could actually be produced on fewer machines if nightshifts were scheduled, as sow in alternative 
4.1. This would still lead to a reduction in average weighted lead-time for all types of transcripts 
compared to the current scheduling. Based on the current assumptions it would also lead to a cost 
reduction. Furthermore the analysis shows that up to a certain point it is more cost efficient to 
schedule nightshifts than to buy extra machines, for instance comparing alternative 3.5 to 4.5. 
However when having 7 or more enveloping machines, the positive effect of the nightshifts 
diminishes, as alternative 4.7 has the same results as alternative 3.6. The printing nightshifts are only 
efficient on Mondays and in alternatives 4.1, 4.2 and 4.3 enveloping nightshifts on Mondays, 
Wednesday and Fridays are effective, while from alternative 4.4 on only enveloping nightshifts on 
Monday are scheduled. 

5.3.3 PostNL as distributor 
The incorporation of PostNL’ s schedule (see section 3.3) is done for reference, as in the current 
situation all plannable transaction transcripts are delivered by SandD.  This section provides the 
analysis to compare the cost and lead-time from PostNL to SandD’s. It is assumed in this section that 
PostNL delivers all transcripts. 

Table 18: sensitivity of the modeled lead-times in days to capacity variation in number of machines in combination with including 
nightshifts 

Alternative Printing machines
Enveloping 

machines

Nighshifts 

(hrs print.; 

hrs envel.)

Retail 

weekly

Retail 2-

weekly

Retail 

monthly

Comm. 

weekly

Comm. 2-

weekly

Commer. 

monthly

Savings 

monthly

Unweighted 

average

Weighted 

average

Compared 

to initial 

model

Cost 

(€/year)

4.1 2 2 (0;56,25) 3,53 4,00 6,30 3,30 4,10 4,70 6,70 4,66 5,22 103% -58.867

4.2 2 3 (6,25;25) 3,05 4,00 5,10 3,33 3,80 4,90 5,80 4,28 4,60 91% 23.867

4.3 2 3 (6,25;50) 3,05 4,00 5,00 3,33 3,80 4,90 5,80 4,27 4,56 90% 42.148

4.4 2 4 (12,5;31,25) 3,00 3,80 4,20 3,23 4,15 4,10 5,30 3,97 4,10 81% 134.023

4.5 2 5 (12,5;37,5) 3,00 3,60 4,00 3,10 3,60 4,00 4,20 3,64 3,77 75% 238.594

4.6 3 6 (18,75;43,75) 3,00 3,40 4,00 3,00 3,20 4,00 4,00 3,51 3,68 73% 468.750

4.7 3 7 (18,75;50) 3,00 3,20 4,00 3,00 3,00 4,00 4,00 3,46 3,63 72% 573.320
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Taking PostNL’s schedule into account, the enveloping should be finished half an hour before 
PostNL’s pickup moment at 18:00. Therefore the available capacity for the scheduling is 8 hours of 
enveloping time at maximum per machine per day (1 hour more than with SandD). However, this 
limitation would be implied on every day of the week, which leads to a deficit in total enveloping 
machine hours as available capacity would be 8 x 3 x 20 = 480 hours, which is less than the total 
forecasted enveloping capacity needed of 596 hours in November. Therefore same-day production of 
all orders is impossible and it is assumed that under current circumstances there would be a 
production capacity of 11,75 hours printing every day and 14 hours enveloping per machine each 
day. However form the 14 hours of enveloping only 8/14 can be done before pickup and 6/14 is done 
after pickup. Based on this, choosing PostNL’s 24-hour service the daily lead-time is 1 day for all 
production that fits in the first 8 hours of the day and 2 days for all batches that are produced in the 
last 6 hours of the day. Using full capacity the average lead-time would therefore be 1,43 days. 

For this scenario however it is optimal to level the daily scheduling of batches as much as possible to 
use the first 8 hours every day to the maximum and minimize the production after this 8 hours. 
Through multiple optimizations it was found that the minimum production hours per day is 30. As we 
have 3 enveloping machines, now 24/30 of the production can be finished before PostNL’s pickup 
moment and has a 1-day lead-time. The other 6/30 will be picked up the next day and therefore have 
two days lead-time. Figure 15 presents the resulting lead-times and costs. Costs are based on the 
incremental cost per piece of mail and the assumption that the volumes of November are 
representative for the rest of the year. For confidentiality reasons, the exact costs can be found in 
the confidential addendum. A comparison of the costs per scenario is given in figure 19. 

 

In alternative 5.1 the average of 1,2 days is applied to all types of transcripts, though the daily 
scheduling be adjusted to give the highest priority to the more frequent batches. Alternative 5.2 
shows that the absolute minimum in lead-time can be achieved by adding an extra enveloping 
machine, which ensures that all 32-production hours are available every day before PostNL’s pickup 
moment. 

5.3.4 Conclusion of alternatives 
To conclude the sensitivity analysis, all the alternatives are compared to each-other based on the 
average weighted lead-times and the according cost. The comparison is presented in figure 19. The 
exact costs can be found in the confidential appendix. 
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Figure 19: yearly costs (€) for achieving average weighted lead-time reduction 

This figure confirms the earlier findings that initially the average weighted lead-time can be reduced 
by implementing the mathematical model to find the optimal scheduling, leading to lead-time 
reduction of 16%. This is possible through mathematical optimization using the developed model 
under the current parameter settings and hence without extra costs. The average weighted lead-
time can even be reduced more to 4,75 days by changing the prioritization weights as is shown in 
alternative 2.1. This would yield an overall reduction of 22%. However this is on the expense of the 
short lead-times for the commercial payments batches. By changing the prioritization weights, ING 
can make this trade off. Especially alternative 2.8 is noteworthy as in this alternative all transaction 
types benefit and still a reduction of 14% can be achieved. 

Any further reduction of the average weighted lead-time would require extra costs for nightshifts or 
even investments in extra machines to extend the capacity. This would however naturally reduce the 
utilization rate, which raises the question if this is prudent, although that is ING’s decision. The 
minimum lead-time, given the choice for SandD as distributor this is an average weighted lead-time 
of 3 days, can be achieved in a situation with 11 printing machines and 20 enveloping machines. The 
comparison with PostNL shows that choosing PostNL would then be more cost and lead-time 
efficient, resulting in the absolute minimum lead-time of 1 day. Costs belonging to the scenarios can 
be found in the confidential addendum. On the other hand it is also possible to reduce lead-time by 
14% and possible save costs by optimally scheduling the production using 1 enveloping machine 
fewer, though including nightshifts. 

5.4 Implementation 
The implementation phase is one of the last phases in the project, where the developed 
mathematical model, a usable tool and the presented results find their implications in the business. 
In this project this would involve the use of the mathematical model to continuously create optimal 
and integrated service level agreements for all the plannable transaction transcripts for each month 
and assure that the generation of the transaction transcripts follows. The implementation considers 
the creation of commitment, the implementation of the tool and the change of the scheduling 
process. 

First of all commitment for the project has constantly been achieved through monthly meetings with 
the Mailingcentrum’s management, Document Management’s management and the head of 
Operations Services. Furthermore the tool was developed in close company with the planners at the 
Mailingcentrum. The SLAs were analyzed together with the order managers from DM. Through 
multiple presentations the involved parties have then been informed about the potential of the new 
scheduling process. This has created the buy-in needed in order to execute the new process of 
scheduling. 

The developed mathematical optimization model was now developed in Matlab with the 
optimization tool pack. The results from the optimization in Matlab are loaded in Excel to calculate all 
the derivative performance measures and show the graphs. For implementation of the optimization 
tool there are now three options: the first option is to optimize the scheduling of the payments 
transcripts once, implement this for the rest of the year and only make small adjustments by hand in 
the excel model, without any future optimization. This is a viable option as the volumes of the 
payments transcripts are very constant. The second option is to buy the Matlab software license (€ 
3500) and continue monthly optimization with the created model connected to excel, creating the 
best schedules every month. The third option is to use the model created in excel with another 
optimization toolkit. There are many options to do this, such as the free Excel add-in Opensolver 
package, but also professional optimization software such as AIMMS planning software. The 
Opensolver add-in is a good option, though should be checked very carefully for compliance with ING 
security issues as it sends data over the Internet needed for optimization. 
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The last step is the change in process to fit in the use optimization tool. As the tool considers the 
planning of all the transaction transcripts together, the scheduling of the transaction transcripts will 
become a joint operation between multiple actors. The actors are the planners at the 
Mailingcentrum, all different order managers at DM and the ING business partners. However the 
input needed for the model in terms of forecasting the volumes is available at the ING business 
partners, while the production input is available at the Mailingcentrum. This raises the question 
whether the scheduling of the plannable transaction transcript batches through all order managers 
at document management is efficient. However, as the order managers at DM as well as the ING 
Business Partners are located in Amsterdam, a general point of contact, being the order managers is 
considerable. 

Ideally, to start the process, the first step should be a monthly checkup of the forecasted volumes 
per type and per frequency against the actuals of the last month, to be carried out by the planning at 
the Mailingcentrum. This information should be reported this briefly to all ING business partners 
(through the order mangers at DM) to ask whether they expect big changes to happen in the next 
period that is considered for scheduling. Furthermore the business partners should return any 
constraints in the scheduling, such as batches that have a fixed date. The planners at the 
Mailingcentrum can then import a log with production data in the model and incorporate the 
production rates. The planners then assess what production rates to use as input to the model, as 
they can decide which rates are representative. Like in the current situation they can also estimate 
the daily capacity based on the volumes of the other prioritized work. Now all the information is at 
hand of the planners in the Mailingcentrum and they can run the model with these input parameters 
to find the optimal schedule. This schedule will then be converted to one single SLA for all the 
plannable transaction transcripts and communicated with the order manager at Document 
Management and the ING business partners. They can return their amendments for revision. 

Most important aspect of the Matlab and Excel tool is that all parameters can be adjusted. This 
requires some training for the planners at the Mailingcentrum and for the order managers from 
Document Management. Especially when changes in the batching of mail, production rates or pickup 
schedule occur, these parameters can be adjusted and a new optimal schedule is created. Hence the 
tool can also be used for other business cases as well, such as printing two-sided or batching savings 
accounts transcripts together with the payment transcripts. In the excel tool it is possible to add or 
delete types of products and adjust their production rates and constraints. 

6 Conclusions and recommendations 
This chapter concludes the report by presenting the main findings of this report and stating the 
recommendations to ING’s Document Management and Mailingcentrum department. Lastly 
suggestions for further research are presented. 

6.1 Conclusions 
The most important aspects of the production of transactional mail are costs and customer lead-
time. The transaction transcripts are high volume, time-dependent pieces of mail that show 
information that becomes outdated in short amounts of time. About 25% of all bank account holders 
receives them and although they’re volumes are decreasing by 10% every year, especially to older 
people it is an important service. This sets the background to search for efficiency, optimization and 
cost reduction rather than using extra long-term investment to reduce customer lead-times. The 
ultimate goal is to process everything within ING in one day, and this is now to be applied to 
Document Management and the Mailingcentrum, the departments managing and producing the 
physical mail. However, the Mailingcentrum faces great fluctuations in work input which prevent the 
achieving of the TiTo goal, as workload build up in the beginning of the month. Moreover, costs have 
been reduced by contracting a different distributor that has a schedule that greatly influences the 
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mail’s lead-time, as they only pick up and deliver the mail twice a week. However this has not yet 
been fully incorporated in the production schedules. Especially high frequent transaction transcripts 
should receive more priority. As they account for the highest volume, 78% of all sent mail, have a 
standard production and are plannable the current scheduling of the transcripts causes the main 
capacity fluctuations and by better integration with the distributing postal company the customer 
lead-times can be reduced. This leads to the research question: 

Design a model that generates an integrated Master Production and Delivery Schedule for the 
plannable transaction transcripts, to minimize customer lead-time, while taking into account capacity 
usage, distributor selector and prioritization based on the frequency. 

In this supply chain, there are four actors of which the Document Management department is the 
primary player, controlling most of the operations by scheduling the generation, production and 
distribution of the transaction transcripts. Production is a flow shop of two stations: printing and 
enveloping. The batches of transcripts arrive each morning at 6:00 in the print queue of the 
Mailingcentrum for production. They can be viewed as make-to-order products, as they can only be 
produced after their specific content about transactions is retrieved from the IT-systems, and cannot 
be made in advance or stocked. After production at the Mailingcentrum, a contracted distributing 
3PL postal company delivers them to the customer. 

In total there are 5 types of transaction transcripts that are planned by their SLAs and they represent 
72% of total volume of transcripts. For each type there is a separate SLA that contains the exact 
schedules for arrival, production and distribution. The SLA is an agreement between DM and an ING 
BP. For each type of transaction transcripts the SLA plans the weekly, 2-weekly, monthly and 
quarterly transaction transcripts and provides forecasts about the amount of addresses per batch per 
type of transcripts. The forecasts are very accurate and the sizes of the batches of transcripts 
relatively constant. However, they do not take into account production capacity at the MC and the 
workload varies greatly with over 20 days overloads ranging up to 215% of daily capacity in the 
beginning of the month, while also underuses of up to 20% occur after ¾ of the month. This while the 
average capacity is about 64% and 70% for the two successive production stations and therefore 
should be no issue. The biggest problem arises when SandD’s pickup schedule as 3PL distributor, is 
incorporated. Their pickup moments on Tuesday and Thursday only leave 7 hours for production 
before the pickup moments on those days. For the bottleneck, enveloping, with 3 allocated machines 
the peak now becomes even higher, almost 300% of capacity. As enveloping can also only start after 
printing has printed other more priority material first, it is best to already print jobs the day before, 
so enveloping can start straight away in the morning. TiTo production wouldn’t allow this, so it’s 
either no TiTo production or starting enveloping later or buying an extra printer bypass the other 
more priority material. 

The current scheduled lead-times from generation until delivery at the customer range from 
minimum 1 to maximum 12 days, with a weighted average of 6,05. A lead-time of 1 day can only be 
achieved by TiTo production and contracting PostNL, while for SandD 3 days is the minimum, which is 
only achievable with one-day (TiTo) production offering the mail on Tuesday before 17:00. The 
maximum lead-time of 12 days is high as there is lots of waiting time in production and several types 
of transaction transcript standardly miss one or two subsequent moments of offering to SandD, 
creating long lead-times. Furthermore some less frequent transcripts are scheduled more effectively 
than the higher frequent, which is the inverse of the desired prioritization. 

The rescheduling of the batches of transaction transcripts would allow integration with the 3PL 
postal company’s pickup schedule. Especially considering SandD’s delivery schedule, lead-time 
depends on the day the batches are offered to SandD’s pickup moment. Missing a pickup moment 
increases total lead-time by at least three days. 
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To do so a mathematical programming model was created. It optimizes the medium-term master 
schedule and integrates both production and distribution. This model schedules the arrival of all 
batches of the plannable transaction transcripts each day over a month, while forcing the arrivals 
into timeframes optimal for production towards the distribution schedule, so pickup moments will 
not be missed. One of the main aspects is to maximize the arrivals to the daily capacity levels. 
Furthermore the model takes into account the frequency of the transcripts and can prioritize the 
more frequent ones based on a user given prioritization weight. Lastly all batch sizes, production 
rates and capacity can be changed to run alternative scenarios. 

The model is developed in Matlab as this software is well known for its optimization solutions and 
finds solutions in times ranging from seconds to about one or two minutes. The optimized schedule is 
then incorporated in an Excel tool to show the planning by graphs. It also shows the appropriate 
performance measures. The excel tool is easy to use as parameters are changed easily and the 
schedule is easily adjusted by hand. 

Using the mathematical model to find the optimal scheduling, the months November and January 
were analyzed. November was used as reference to a normal month, while January was optimized to 
test the model to the most critique situation. For November, the average weighted lead-time can be 
reduced from 6,04 days to 5,07, a reduction of 16%, while for January a reduction of 14% from 6,28 
to 5,41 days lead-time is realized. Not all types of transaction transcripts benefit initially, as the 
weekly and 2-weekly transaction transcripts worsen. This can be done without extra costs. Moreover 
the average weighted lead-time can even be reduced more to 4,75 days by changing the 
prioritization weights, beneficial to the savings batches but on the expense of the lead-times for the 
commercial payments batches. Though by changing the prioritization weights, a trade-off can be 
made and an alternative was found where all types of transcripts gained improvement in lead-time, 
yielding an average weighted lead-time of 5,14, an overall reduction of 15%. 

The model was then used to analyze optimal solutions under different parameter settings, changing 
the capacity by adding machines and nightshifts and investigating PostNL’s distribution. The analysis 
showed that any further reduction of the average weighted lead-time would require extra costs for 
nightshifts or even investments in extra machines to extend the capacity. Choosing nightshifts would 
be more cost efficient. This would however naturally reduce the utilization rate, which raises the 
question if this is prudent, although that is ING’s decision. The minimum lead-time (given the choice 
for SandD as distributor this is an average weighted lead-time of 3 days) can be achieved in a 
situation with 11 printing machines and 20 enveloping machines. The comparison with PostNL shows 
that choosing PostNL would then be more cost and lead-time efficient, resulting in the absolute 
minimum lead-time of 1 day being about 20% less expensive. On the other hand it is also possible to 
reduce lead-time by 14% and possible save costs by optimally scheduling the production using 1 
enveloping machine fewer, though including nightshifts. 

The implementation of the new schedules can be done right away by changing the SLAs. As the batch 
sizes and SLA scheduled are quite constant over the month, changing the schedules once and only 
adjusting them little each month would already yield a big improvement. This can be done in the 
created Excel tool, without the need for an optimization program. The creation of SLAs is a task now 
executed by multiple order managers. Creating one integrated schedule can be done by at maximum 
two of them, jointly with the planners at the Mailingcentrum. The planners at the Mailingcentrum 
should do the input and maintenance of the parameters, as they have the most input data. However, 
to continuously optimize the schedules under changing circumstances and to be able to optimize 
future scenarios, an optimization package should be acquired. Matlab would cost 3500 once, but is 
difficult to learn and program for non-specialists. Opensolver as excel add-in is free but needs to send 
data through the Internet to and from a distant solver, which can lead to security issues for the bank, 
though running it on a separate machine can be a good solution. Moreover professional packages 
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like AIMMS can be acquired, although these are costly, about € 15.000 once and about € 1.500 
annual fee. 

6.2 Recommendations 
The first and foremost recommendation is to implement the developed model and change the 
current schedules to one of the optimal proposed schedules. This would lead to a reduction in 
average weighted lead-time of about 14-16%, depending on which alternative is chosen. This can be 
realized by only using an optimized schedule, without changing any of the input parameters. 

Then secondly, a recommendation is to create a separate and secured environment or computer 
station that is allowed to run the Opensolver software add-in for Excel, as this is a free to use add-in 
that is able to solve the model in minutes. Downside of this is that Opensolver does provide feasible 
solutions, but no optimality. Other optimization packages, such as Matlab, probably yield better 
results, but are more costly. Because the scheduling problem considered is quite static, having the 
same planning for multiple months and quite constant volumes, after implementing the new 
schedule once, there is less added value as the problem environment does not change much. The 
added value of an optimization package would be the ability to optimize again under new 
circumstances. 

Then a recommendation is to have someone that considers all the SLAs together with the authority 
to change them. In the current situation order managers do all this separately, without a good 
overview of the total picture. This overview is apparent to some extent at the Mailingcentrum, but 
the planners can only accept and reject schedules, although they have most knowledge of the 
production. 

Based on the analyses of the model, it is further recommended to choose and implement the 
alternative 2.8 given in the sensitivity analysis in section 7.1. Although this alternative only provides a 
reduction in average lead-time of 14% opposed to the maximum reduction of 22%, in this scenario 
the average lead-times for all types of transactions are improved. Moreover the most frequent 
weekly batches have maximum lead-times of 4 days. 

Then, a recommendation would be to batch the different frequencies per type of bank account 
separately in their arrival to the Mailingcentrum, instead of batching all frequencies per type 
together. This is for two reasons. Firstly, in this way, the actual volumes per frequency per type can 
be accounted, giving opportunity to greatly improve the forecasting on the individual batch sizes as 
the actuals per frequency will be known. In the current situation only the actual arrival volume for 
the whole batch with all the frequencies is known, but not the amounts of the frequencies that 
constitutes it. Secondly, at the Mailingcentrum it will become easier to give priority to more frequent 
batches if needed when time is short. 

The last recommendation is that if the total model becomes infeasible due to capacity problems, it is 
possible to leave all the saving batches out of the optimization. The model can then be applied to the 
payments transcripts that have more priority. 

6.3 Further development 
The developed tool in this project was made to optimize the current situation and to be able to check 
the implications of adjusting the input parameters. Some assumptions have been made in order to 
be able to fit the current situation to usable model. Further development of the tool should mainly 
address implementing these assumptions and extending functionality of the tool. 

One of the main simplifications for the model is that the setup times for the production of each batch 
of the transaction transcripts is incorporated in the production time needed for the batch. Further 
optimization is possible by considering the setup times separately from the production times for the 
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batches. In this way, setup time would be calculated only once for all batches that are produced in 
the same setup. 

Another simplification is that the model applies the average production rates over the past year to 
the production in the next period. This is done to create a feasible model, but gives a lower bound on 
the potential of the model. The maximum production rate is actually higher than the average 
production rate and due to efficiency projects it is reasonable that the production rates will even 
increasing. The incorporation of this into the model would therefore even more improve the model’s 
solution compared to the current scheduled situation. Furthermore the production rates in the 
model might also be increased to some extent to create a tighter schedule and therefore an incentive 
for employees to increase the machine production speeds. 

Then an important simplification is the assumption of deterministic batch sizes and forecasted 
volumes. A simulation study could incorporate the variability in demand and actually show the 
effects of deviations of the schedule. Studying the effect of variability could help to create the right 
buffers in the schedule to assure optimal scheduling before pickup by the 3PL postal company. 

Furthermore the model assumes that the choice for distributor is a choice to be made for all 
scheduled transaction transcripts. Being able to set this choice separately for each type of 
transaction transcript can yield new and different alternatives for production with lower lead-times. 
The possible combinations of the different types of transaction transcripts and two distributor would 
create alternatives that fill the gap in figure 22 between sending all transcripts with PostNL for the 
lowest weighted average lead-time at highest cost and sending them with SandD. 

6.4 Further research 
This research provides a contribution to the research base on integrated production and outbound 
distribution scheduling problems (IPODS). A method is presented to integrate mid-term scheduling of 
batches with a fixed delivery schedule in order to minimize the objective of resulting lead-time. To do 
so the available capacity for scheduling is limited to fit the production in the time slots before pickup 
Typical to this model is that the arrival of batches can be planned, and that the total lead-time from 
generation to arrival at the customer is considered in the objective. The model shows a way to link 
priority and capacity choices to resulting lead-times. The choice of   distributor was only adjustable as 
parameter and not incorporated in the model as a variable per product. The incorporation of costs 
and choice of distributor per type of product provides one of the future research directions. 

A second direction for future research would be to add the possibility of scheduling products after 
the deadline of the pickup moment. In the now developed model, it is assumed that other products 
are produced in this time and it is not taken into account by the model. Although scheduling the 
production at those moments would be least efficient, the advantage of taking it into account is that 
the total capacity can be taken into account by the model. 

A third direction for future research would be the more detailed scheduling in which the scheduling 
per machine is taken into account. This could also deal with the startup and changeover times that 
were simply incorporated in the production times per batch in this model. 

The fourth direction for future research is the inclusion of buffer times and variable batch sizes. Both 
will have effect on the lead-times, probably creating more secure schedules as batch size variance 
increases, accompanied by higher lead-times. 
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Appendix A 
Actual number of addresses per main category of transaction transcripts and per type over 2014, 
including outdated mail per 2014.
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January 266.697 1.701.978 101.704 419.837 693.522 60.414 4.336.346 117.580 29.327 2.349 5.539 51.676 70.323 1.028.714 8.886.006

February 248.965 644.953 102.183 155.132 556.631 43.236 4.246.928 59.710 3.761 3.336 4.854 45.572 3.721 281.057 6.400.039

March 262.305 627.450 92.770 190.204 583.342 42.383 3.177.827 49.316 3.968 2.929 5.855 41.536 229.412 5.309.297

April 1.132.167 954.987 96.258 487.976 626.821 60.170 2.349.539 43.519 3.279 2.176 5.389 44.611 931.483 6.738.375

May 1.320.663 554.585 98.448 223.119 566.078 41.241 1.880.317 40.116 3.277 1.764 6.946 37.764 56.757 201.697 5.032.772

June 1.345.597 2.207 571.959 100.128 172.494 542.975 44.954 1.781.074 54.355 4.654 2.366 5.023 42.310 9.393 242.993 4.922.482

july 1.494.420 194.672 955.055 100.203 315.983 657.393 62.784 1.694.527 61.732 4.193 2.672 6.955 33.972 35.566 945.958 6.566.085

August 1.302.617 231.693 541.892 102.182 184.889 543.008 42.178 1.570.645 71.792 3.095 1.784 5.069 24.361 47.980 221.605 4.894.790

September 1.993.237 227.664 527.583 99.417 153.661 564.964 45.144 735.739 47.761 3.213 3.255 4.742 25.648 204.298 216.091 4.852.417

October 2.809.014 331.574 635.768 95.557 296.323 653.333 61.179 52.104 4.591 5.434 6.584 32.083 138.002 964.586 6.086.132

November 2.671.376 370.971 538.456 94.142 267.822 532.883 48.348 41.414 2.920 2.413 4.947 23.791 204.635 4.804.118

December 2.660.699 334.579 884.522 90.861 175.631 592.267 50.323 44.786 2.951 2.777 4.526 35.761 88.315 185.326 5.153.324

Yearly total 17.507.757 1.693.360 9.139.188 1.173.853 3.043.071 7.113.217 602.354 21.772.942 684.185 69.229 33.255 66.429 439.085 654.355 5.653.557 69.645.837
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Appendix B 
Actual number of pages per main category of transaction transcripts and per type over November 
and December. 
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November 9.031.132 690.330 564.195 5.327 295.424 692.561 473.120 427.574 2.920 2.413 7.523 111.296 515.040 12.818.855

3-11-2014 603.062 111.380 275 87.579 41.760 34.265 22.388 88 313 2.240 79.238 982.588

4-11-2014 616.530 107.841 253.619 21.652 40.536 43.791 22.330 86 783 8.486 22.465 1.138.119

5-11-2014 811.786 92.605 312 13.486 28.691 37.749 22.413 74 764 3.334 9.652 1.020.866

6-11-2014 163.083 113.619 101.057 6.515 31.608 53.084 22.894 78 20 3.071 13.156 508.185

7-11-2014 579.304 180 211 3.534 28.434 10.521 27.716 76 751 5.370 11.334 667.431

10-11-2014 470.400 19.631 103.227 80.511 30.963 16.302 19.032 203 1.607 10.251 752.127

11-11-2014 458.629 111.990 101.959 2.209 34.739 58.956 21.822 78 533 2.189 3.827 796.931

12-11-2014 225.575 177 237 3.408 30.174 19.615 22.017 74 127 1.700 2.060 305.164

13-11-2014 107.239 19.215 252 3.254 33.956 11.493 25.141 74 15 2.361 10.155 213.155

14-11-2014 648 232 253 7.711 30.691 12.545 19.605 72 10 1.680 2.567 76.014

17-11-2014 328.221 18.368 319 3.621 36.513 15.865 18.653 120 1.222 2.883 425.785

18-11-2014 579.779 17.111 638 2.153 34.090 20.366 20.631 560 7.497 26.927 709.752

19-11-2014 165.784 228 278 1.776 29.624 11.847 20.507 74 86 1.621 3.048 234.873

20-11-2014 124.914 19.354 266 6.774 32.921 13.588 22.252 14 2.127 2.461 224.671

21-11-2014 608.077 232 248 33.853 33.309 12.753 22.399 581 11.094 2.664 725.210

24-11-2014 913.442 18.920 477 2.273 38.288 21.583 19.626 709 3.305 2.967 1.021.590

25-11-2014 754 17.723 388 2.052 37.865 25.490 14 2.443 2.350 89.079

26-11-2014 767.723 254 56 4.829 34.536 17.611 19.575 704 4.381 4.107 853.776

27-11-2014 197.550 21.005 76 5.327 5.747 40.595 18.272 33.538 45 4.572 24.642 351.369

28-11-2014 1.308.632 265 47 2.487 43.268 17.424 25.035 2.146 2.413 1.171 40.996 278.286 1.722.170

December 9.292.395 650.419 932.772 10.726 208.238 786.514 534.259 462.012 2.951 2.777 6.981 127.973 353.607 533.627 13.905.251

1-12-2014 535.286 96.167 213 3.172 48.047 50.957 21.621 86 282 2.398 102.494 5.525 866.248

2-12-2014 409.988 95.697 174.463 7.016 48.375 49.406 20.879 86 511 6.421 151.922 11.168 975.932

3-12-2014 892.181 74.180 44.647 4.284 29.166 36.394 24.578 74 694 7.419 8.472 1.122.089

4-12-2014 180.853 98.391 175.802 16.720 36.121 48.195 26.152 76 26 4.685 2.332 589.353

5-12-2014 562.265 137 427 10.568 33.721 15.907 25.825 74 525 9.145 3.321 661.915

8-12-2014 528.994 20.835 176.166 51.806 35.469 21.085 21.791 82 216 2.014 1.987 860.445

9-12-2014 557.991 95.366 177.855 13.724 33.621 46.852 23.293 76 607 7.595 3.800 960.780

10-12-2014 260.340 185 173.571 4.653 27.472 11.574 19.413 70 146 3.198 2.206 502.828

11-12-2014 107.159 19.324 231 7.819 29.483 14.354 21.215 82 14 3.102 878 203.661

12-12-2014 427 162 227 10.176 32.086 11.460 21.554 72 3 3.862 5.339 85.368

15-12-2014 346.854 18.559 466 19.291 36.100 16.962 21.053 78 141 2.213 1.844 463.561

16-12-2014 561.644 17.171 3.501 13.855 35.113 17.858 23.395 76 511 7.275 2.238 682.637

17-12-2014 179.055 207 510 3.588 31.379 11.275 23.892 78 92 3.216 1.814 255.106

18-12-2014 121.002 19.720 353 2.685 31.714 14.298 20.878 72 20 3.413 34.125 248.280

19-12-2014 576.909 243 327 2.261 35.007 13.292 21.117 76 542 9.396 2.392 661.562

22-12-2014 1.054.335 20.052 428 13.173 44.734 25.071 20.709 96 819 8.892 11.360 2.588 1.202.257

23-12-2014 379.156 18.883 882 25 41.430 29.021 2.740 203 3.702 21.258 3.326 500.626

24-12-2014 614 20.078 481 10.807 37.754 19.447 23.804 92 4 3.106 5 2.633 118.825

29-12-2014 1.148.981 17.273 386 10.726 1.780 49.117 30.184 27.892 844 18.782 24.898 2.581 1.333.444

30-12-2014 610.936 17.636 1.292 5.311 51.425 32.354 29.854 577 15.559 8.473 3.770 777.187

31-12-2014 277.425 153 544 5.524 39.180 18.313 20.357 1.605 2.777 204 2.580 33.197 431.288 833.147

Total Nov + Dec 67.250.989 3.285.393 9.770.762 182.487 4.863.643 9.269.759 6.883.538 6.998.851 69.229 33.255 108.909 2.682.803 2.350.897 9.515.995 191.410.668
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Appendix C 
Actual number of addresses per main category of transaction transcripts and per type over 
November and December. 

Main category Not plannable daily bank account transcriptsNot plannable other periodical mailPlannable bank account transcripts
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November 2.671.376 370.971 538.456 94.142 267.822 532.883 48.348 41.414 2.920 2.413 4.947 23.791 204.635 4.804.118

3-11-2014 172.995 60.858 256 81.291 32.217 2.931 2.181 88 238 974 13.867 367.896

4-11-2014 150.672 58.844 243.264 16.221 30.935 3.051 2.203 86 496 1.224 12.964 519.960

5-11-2014 225.687 46.312 267 12.918 22.600 2.986 2.188 74 528 1.117 3.266 317.943

6-11-2014 70.937 58.329 96.098 4.702 24.773 3.425 2.237 78 16 1.450 7.564 269.609

7-11-2014 149.377 178 199 3.044 22.410 1.651 2.518 76 496 1.088 4.813 185.850

10-11-2014 169.724 11.145 98.193 74.751 24.720 1.996 1.855 163 727 3.343 386.617

11-11-2014 133.438 57.913 96.890 1.885 26.597 3.154 2.143 78 358 878 1.469 324.803

12-11-2014 81.226 171 216 3.153 23.312 1.616 2.138 74 93 776 1.255 114.030

13-11-2014 66.122 11.492 233 3.027 25.410 1.659 2.436 74 12 1.147 3.182 114.794

14-11-2014 574 231 234 7.342 23.933 1.688 1.896 72 4 806 1.226 38.006

17-11-2014 162.092 10.896 310 2.766 28.543 3.553 1.793 107 586 1.340 211.986

18-11-2014 136.657 9.680 590 1.958 26.245 2.055 2.010 348 969 25.327 205.839

19-11-2014 78.603 228 240 1.593 23.220 2.921 1.993 74 67 781 1.478 111.198

20-11-2014 69.029 11.383 245 6.462 25.308 1.874 2.147 11 1.004 1.291 118.754

21-11-2014 139.459 230 219 32.279 25.806 1.789 2.173 343 1.377 1.462 205.137

24-11-2014 302.038 10.965 441 2.061 29.334 2.373 1.905 504 963 1.601 352.185

25-11-2014 672 9.844 382 1.767 28.382 2.683 14 1.206 1.309 46.259

26-11-2014 215.714 250 56 4.563 27.323 2.197 1.905 445 1.173 2.937 256.563

27-11-2014 71.712 11.762 76 94.142 3.758 29.937 2.370 3.254 40 2.174 20.695 239.920

28-11-2014 274.648 260 47 2.281 31.878 2.376 2.439 2.146 2.413 664 3.371 94.246 416.769

December 2.660.699 334.579 884.522 90.861 175.631 592.267 50.323 44.786 2.951 2.777 4.526 35.761 88.315 185.326 5.153.324

1-12-2014 146.049 47.471 213 2.907 35.551 3.440 2.101 86 220 1.049 25.244 3.163 267.494

2-12-2014 101.843 46.495 165.423 5.997 35.606 3.594 2.042 86 336 1.327 35.285 10.497 408.531

3-12-2014 219.076 36.219 44.103 3.886 22.646 2.651 2.386 74 468 1.699 5.949 339.157

4-12-2014 70.779 48.392 166.365 13.433 27.459 3.252 2.551 76 23 2.259 1.319 335.908

5-12-2014 136.781 136 411 10.252 26.037 2.172 2.505 74 319 2.362 1.889 182.938

8-12-2014 169.972 11.581 166.666 48.168 27.478 2.428 2.123 82 168 926 1.316 430.908

9-12-2014 135.142 46.927 168.234 12.995 25.159 2.938 2.274 76 363 1.713 2.143 397.964

10-12-2014 81.649 183 164.313 3.441 21.803 2.444 1.890 70 101 1.536 1.506 278.936

11-12-2014 65.213 11.211 213 6.806 23.336 1.853 2.054 82 10 1.541 629 112.948

12-12-2014 386 162 200 4.621 24.976 1.790 2.092 72 2 1.909 2.157 38.367

15-12-2014 162.143 10.800 424 11.002 27.933 2.156 2.053 78 125 1.065 1.234 219.013

16-12-2014 134.551 9.733 3.318 12.838 26.400 2.043 2.268 76 328 1.524 1.696 194.775

17-12-2014 78.196 206 380 3.076 24.095 1.793 2.312 78 69 1.569 1.427 113.201

18-12-2014 66.501 11.378 326 2.255 24.522 1.728 2.006 72 14 1.665 26.776 137.243

19-12-2014 137.211 241 300 1.902 26.972 2.036 2.041 76 330 2.082 1.418 174.609

22-12-2014 303.117 11.117 385 12.355 33.041 2.472 2.005 96 515 1.371 3.082 1.537 371.093

23-12-2014 142.216 10.025 828 11 30.055 2.578 184 138 1.760 8.283 2.474 198.552

24-12-2014 481 11.592 407 9.794 28.781 2.033 2.309 92 4 1.498 4 1.775 58.770

29-12-2014 298.671 10.753 357 90.861 1.633 35.049 2.463 2.702 522 2.966 7.544 1.522 455.043

30-12-2014 135.238 9.811 1.166 3.793 35.888 2.505 2.905 324 2.739 1.965 3.196 199.530

31-12-2014 75.484 146 490 4.466 29.480 1.954 1.983 1.605 2.777 147 1.201 6.908 111.703 238.344

Year total 17.507.757 1.693.360 9.139.188 1.173.853 3.043.071 7.113.217 602.354 684.185 69.229 33.255 66.429 439.085 654.355 5.653.557 69.645.837
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Appendix D 
Retail payment accounts SLA November 
Frequencies: weekly / 2-weekly / monthly 

 

Legend:  V = Arrival at Mailingcentrum by generation, A = Offering to SandD, S = Delivery day at customer by SandD 
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1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 1 2

Weeknr 44 45 46 47 48 49

Weekly

final numberamount

1 12000 S V/A S V/A S V/A S V/A

2 12000 V A S V A S V A S V A S V A

3 12000 S V/A S V/A S V/A S V/A A

4 12000 V A S V A S V A S V A S V A

5 12000 S V/A S V/A S V/A S V/A

6 12000 S V/A S V/A S V/A S V/A

7 12000 V A S V A S V A S V A S V A

8 12000 S V/A S V/A S V/A S V/A

9 12000 V A S V A S V A S V A S V A

0 12000 S V/A S V/A S V/A S V/A

2-weekly

final number

1 40000 V A S V A S V A

2 40000 V A S V A S V A

3 40000 V A S V A S V A

4 40000 V A S V A S

5 40000 V A S V A S

6 40000 V A S V A S

7 40000 V A S V A S

8 40000 V A S V A S

9 40000 S V A S V A S

0 40000 S V A S V A S

Monthly

final number

1 110000 V A S

2 110000 V S

3 110000 V A S

4 110000 V A S

5 110000 V A

6 110000 V A

7 110000 V A S

8 110000 S V A S

9 110000 S V A

0 110000 A S V A
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Retail payment accounts SLA December 

 

Legend:  V = Arrival at Mailingcentrum by generation, A = Offering to SandD, S = Delivery day at customer by SandD 
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1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32

Weeknr 49 50 51 52 53

Weekly

final numberamount

1 12000 S V/A S V/A S V/A S V A V

2 12000 V A S V A S V A S V A S

3 12000 S V/A S V/A S V/A S V A V

4 12000 V A S V A S V A S V A S

5 12000 S V/A S V/A S V/A S V A V

6 12000 S V/A S V/A S V/A S V A V

7 12000 V A S V A S V A S V A S

8 12000 S V/A S V/A S V/A S V A V

9 12000 V A S V A S V A S V A S

0 12000 S V/A S V/A S V/A S V A V

2-weekly

final number

1 40000 V A S V A S V A

2 40000 V A S V A S V A

3 40000 V A S V A S V A

4 40000 V A S V A S V

5 40000 V A S V A S V

6 40000 V A S V A S

7 40000 V A S V A S

8 40000 V A S V A S

9 40000 S V A S V A

0 40000 S V A S V A

Monthly

final number

1 110000 V A S

2 110000 V S

3 110000 V A S

4 110000 V A S

5 110000 V A

6 110000 V A

7 110000 V A S S

8 110000 S V A S

9 110000 S V A

0 110000 A S V V A
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Appendix E 
Commercial payment accounts SLA, November 
Frequencies: weekly / 2-weekly / monthly 

 

Legend:  V = Arrival at Mailingcentrum by generation, A = Offering to SandD, S = Delivery day at customer by SandD 
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1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 1 2

Weeknr 44 45 46 47 48 49

Weekly

final numberamount

1 2500 V A S V A S V A S V A S

2 2500 V A S V A S V A S V A S V A

3 2500 V A S V A S V A S V A S A

4 2500 V A S V A S V A S V A S V A

5 2500 V+A S V+A S V+A S V+A S

6 2500 V+A S V+A S V+A S V+A S

7 2500 S V+A S V+A S V+A S V+A V A

8 2500 S V+A S V+A S V+A S V+A

9 2500 S V+A S V+A S V+A S V+A V A

0 2500 S V+A S V+A S V+A S V+A

2-weekly

final number

1 1000 V+A S V+A S V A

2 1000 V+A S V+A S V A

3 1000 V+A S V+A S V A

4 1000 V+A S V+A S

5 1000 V+A S V+A S

6 1000 V+A S V+A S

7 1000 V+A S V+A S

8 1000 V+A S V+A S

9 1000 V+A S V+A S S

0 1000 V+A S V+A S S

Monthly

final number

1 19000 V A S

2 19000 V+A S

3 19000 V A S

4 19000 V+A S

5 19000 V+A S

6 19000 V A S

7 19000 V+A S

8 19000 V A S

9 19000 V+A S

0 19000 V+A S
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Commercial payment accounts SLA, December 
Frequencies: weekly / 2-weekly / monthly 

 Legend:  V = Arrival at Mailingcentrum by generation, A = Offering to SandD, S = Delivery day at customer by SandD 
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1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32

Weeknr 49 50 51 52 53

Weekly

final numberamount

1 2500 V A S V A S V A S V A V+A S

2 2500 V A S V A S V A S V A V+A S

3 2500 V A S V A S V A S V A V+A S

4 2500 V A S V A S V A S V A V+A S

5 2500 V+A S V+A S V+A S V+A V+A S

6 2500 V+A S V+A S V+A S V+A V+A S

7 2500 S V+A S V+A S V+A S V+A S V+A

8 2500 S V+A S V+A S V+A S V+A S V+A

9 2500 S V+A S V+A S V+A S V+A S V+A

0 2500 S V+A S V+A S V+A S V+A S V+A

2-weekly

final number

1 1000 V+A S V+A S V+A S

2 1000 V+A S V+A S V+A S

3 1000 V+A S V+A S V+A S

4 1000 V+A S V+A S V+A S

5 1000 V+A S V+A S V+A S

6 1000 V+A S V+A S

7 1000 V+A S V+A S

8 1000 V+A S V+A S

9 1000 V+A S V+A S

0 1000 V+A S V+A S

Monthly

final number

1 19000 V A S

2 19000 V+A S

3 19000 V A S

4 19000 V+A S

5 19000 V+A S

6 19000 V A S

7 19000 V+A S

8 19000 V A S

9 19000 V+A S

0 19000 V+A S
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Appendix F 
Savings accounts SLA November and December 

 

Legend: Legend:  A = Arrival at Mailingcentrum by generation, O = Offering to SandD, M = Delivery day at customer by SandD  

  

nov-14 za zo ma di wo do vr za zo ma di wo do vr za zo ma di wo do vr za zo ma di wo do vr za zo

Code Amount 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30

GROEI / LEVENSLOOP / 1.2.3.4 62,63,64 307500 A O M

5.6 62 125000 A O M

7.8 62 125000 A O M

9.0 62 125000 A O M

PENSIOENSPAREN 61 1500 A O M

dec-14 ma di wo do vr za zo ma di wo do vr za zo ma di wo do vr za zo ma di wo do vr za zo ma di wo

Code Amount 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31

1.2 62 180000 A O M

GROEI 62,63 51000 A O M

3.4 62 180000 A O M

5.6 62 180000 A O M

7.8 62 180000 A O M

PENSIOENSPAREN / 9.0 61,62 181500 A O M
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Appendix G 
Credit card accounts SLA November and December 

   

Appendix H 
Investments accounts SLA November and December 

 Legend: Legend:  A = Arrival at Mailingcentrum by generation, O = Offering to SandD, M = Delivery day at customer by SandD  

  

Amount cycle date print file Offer to Sandd At customer Incassodate

november Creditcard 50000 25-11-2014 27-11-2014 2-12-2014 5-12-2015 27-11-2015

Platinumcard 40000 26-11-2014 27-11-2014 2-12-2014 5-12-2015 30-11-2015

december Creditcard 50000 25-12-2014 29-12-2014 30-12-2014 2-1-2016 28-12-2015

Platinumcard 40000 26-12-2014 29-12-2014 30-12-2014 2-1-2016 28-12-2015

nov-14 za zo ma di wo do vri za zo ma di wo do vri za zo ma di wo do vri za zo ma di wo do vri za zo

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30

P090 - Hypotheken 15.000    Light A O M

P091 - Hypotheken 500         Abroad A O

P092 - Hypotheken 5             Heavy A O M

P090 - Rente 50.000    Light A O M

P091 - Rente 1.575      Abroad A O

P092 - Rente 10           Heavy A O M

dec-14 ma di wo do vri za zo ma di wo do vri za zo ma di wo do vri za zo ma di wo do vri za zo ma di wo

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31

P090 - Hypotheken 15.000    Light A O M

P091 - Hypotheken 500         Abroad A O

P092 - Hypotheken 5             Heavy A O M

P090 - Rente 50.000    Light A O M

P091 - Rente 1.575      Abroad A O

P092 - Rente 10           Heavy A O M
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Appendix I 
Calculation of printing and enveloping rates. Printing rates are converted from pages/hour to 
addresses/hour based on the average percentages heavy and lightweight and their respective 
number of pages per envelope. 

 

  

Frequency

Batches

/- month 

(Q)

Percentage 

lightweight

Percentage 

heavyweight

Average 

nr pages 

light 

envelope

Average 

nr pages 

heavy 

envelope

Size

Printing 

rate 

(pag./hr)

Printing 

rate ri1 

(addr./ hr.)

Envelopin

g rate 

(addr./hr)

Retail payment accountsWeekly 40 99,5% 0,5% 2,58 9,58 A5 42240 16155 7137

2-weekly 20 98,0% 2,0% 2,58 9,58 A5 42240 15531 6894

Monthly 10 80,0% 20,0% 2,58 9,58 A5 42240 10613 4896

Commercial payment accountsWeekly 40 90,0% 10,0% 1,27 5,17 A4 21120 12744 3766

2-weekly 20 98,0% 2,0% 1,27 5,17 A4 21120 15699 3992

Monthly 10 80,0% 20,0% 1,27 5,17 A4 21120 10317 3516

Savings accountsMonthly 10 100,0% 1,07 A5 42240 39311 9190

Groei (monthly) 1 100,0% 1,07 A5 42240 39311 9190

Pensioensparen (monthly) 1 100,0% 1,07 A5 42240 39311 9190

Levensloop (quarterly) 1 100,0% 1,07 A5 42240 39311 9190

Credit card accountsCreditcards (monthly) 1 92,0% 8,0% 1,00 1,95 A5 42240 39265 13151

Platinumcards (monthly) 1 95,0% 5,0% 1,00 1,88 A5 42240 40459 11854

Investment accountsHypotheken (monthly) 1 100,0% 1,15 A4 21120 18430 5959

Rente (monthly) 2 100,0% 1,15 A4 21120 18430 5959
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Appendix J 
The following table show all production arrivals for the months November 2014 until April 2015. 
Printing time is calculated by the actual arrivals in pages / printing rate (as mentioned in Appendix I) 
and enveloping times are calculated by the actual arrivals in addresses / enveloping rates (as 
mentioned in Appendix I). 

TT1 = Plannable bank account transaction transcripts (everything contained in SLAs). 
TT2 = Daily bank account transaction transcripts. 
TT3 = Annual transaction transcripts. 
TT4 = Other periodical mail. 

  Volume addresses   Printing time (hr)   Enveloping time (hr)   

Date TT 1 TT 2 TT 3 TT 4 TT 1 TT 2 TT 3 TT 4 TT 1 TT 2 TT 3 TT 4 

3-11-2014 3,1E+05 3,7E+04   2,0E+04 23,41 2,67   2,11 54,94 5,17   0,59 

4-11-2014 4,6E+05 3,7E+04 
 

2,2E+04 26,18 3,30 
 

0,89 66,01 5,21 
 

1,01 

5-11-2014 2,8E+05 2,9E+04 
 

8,0E+03 24,01 2,60 
 

0,29 47,38 3,98 
 

0,43 

6-11-2014 2,3E+05 2,9E+04 
 

1,2E+04 11,76 3,30 
 

0,42 36,99 3,95 
 

0,34 

7-11-2014 1,5E+05 2,8E+04 
 

7,6E+03 13,76 1,38 
 

0,26 22,51 3,95 
 

0,03 

10-11-2014 3,5E+05 2,8E+04 
 

8,3E+03 18,15 1,55 
 

0,34 50,93 3,98 
 

0,46 

11-11-2014 2,9E+05 3,2E+04 
 

4,6E+03 18,58 3,70 
 

0,07 45,87 4,38 
 

0,09 

12-11-2014 8,4E+04 2,6E+04 
 

3,6E+03 5,47 1,66 
 

0,00 12,65 3,71 
 

0,02 

13-11-2014 8,1E+04 2,8E+04 
 

5,7E+03 3,59 1,37 
 

0,20 13,46 4,01 
 

0,00 

14-11-2014 8,4E+03 2,6E+04 
 

3,3E+03 0,35 1,34 
 

0,03 1,43 3,73 
 

0,03 

17-11-2014 1,7E+05 3,3E+04 
 

3,9E+03 8,72 1,63 
 

0,12 27,38 4,51 
 

0,11 

18-11-2014 1,5E+05 3,1E+04 
 

2,7E+04 14,55 2,01 
 

0,58 23,15 4,39 
 

0,00 

19-11-2014 8,0E+04 2,7E+04 
 

3,5E+03 3,99 1,28 
 

0,03 12,04 3,69 
 

0,00 

20-11-2014 8,7E+04 2,8E+04 
 

3,6E+03 4,18 1,44 
 

0,00 14,44 3,97 
 

0,02 

21-11-2014 1,7E+05 3,1E+04 
 

4,6E+03 15,87 1,71 
 

0,03 25,95 4,39 
 

0,16 

24-11-2014 3,1E+05 3,5E+04 
 

3,6E+03 22,52 2,08 
 

0,05 48,01 5,00 
 

0,00 

25-11-2014 1,3E+04 3,2E+04 
 

1,4E+03 0,93 2,14 
 

0,00 3,10 4,46 
 

0,00 

26-11-2014 2,2E+05 3,3E+04 
 

6,0E+03 18,26 1,83 
 

0,10 32,54 4,67 
 

0,19 

27-11-2014 1,1E+05 3,4E+04 
 

2,6E+04 6,35 1,90 
 

0,69 16,08 4,88 
 

0,29 

28-11-2014 2,7E+05 4,3E+04 
 

9,9E+04 30,92 3,09 
 

6,62 40,94 6,48 
 

0,02 

1-12-2014 2,2E+05 4,1E+04 
 

5,4E+03 19,75 3,61 
 

0,12 39,38 5,69 
 

0,00 

2-12-2014 3,5E+05 4,2E+04 
 

1,5E+04 22,10 3,68 
 

0,35 52,48 5,83 
 

0,33 

3-12-2014 3,0E+05 2,9E+04 
 

9,3E+03 25,76 2,66 
 

0,17 47,35 4,03 
 

0,12 

4-12-2014 3,0E+05 3,3E+04 
 

7,6E+03 13,67 3,20 
 

0,17 43,29 4,47 
 

0,51 

5-12-2014 1,5E+05 3,2E+04 
 

4,9E+03 13,71 1,82 
 

0,03 21,93 4,57 
 

0,08 

8-12-2014 3,9E+05 3,2E+04 
 

6,7E+03 19,98 1,89 
 

0,14 54,12 4,44 
 

0,42 

9-12-2014 3,6E+05 3,1E+04 
 

6,5E+03 22,45 3,24 
 

0,10 52,68 4,31 
 

0,25 

10-12-2014 2,5E+05 2,6E+04 
 

6,2E+03 10,34 1,25 
 

0,12 30,28 3,62 
 

0,52 

11-12-2014 8,3E+04 2,7E+04 
 

2,9E+03 3,80 1,43 
 

0,00 13,87 3,75 
 

0,03 

12-12-2014 5,2E+03 2,9E+04 
 

4,6E+03 0,45 1,38 
 

0,10 0,90 4,06 
 

0,05 

15-12-2014 1,8E+05 3,2E+04 
 

3,5E+03 9,95 1,71 
 

0,02 28,83 4,50 
 

0,03 

16-12-2014 1,6E+05 3,2E+04 
 

4,3E+03 14,75 1,90 
 

0,04 24,93 4,49 
 

0,04 

17-12-2014 8,1E+04 2,8E+04 
 

4,2E+03 4,37 1,33 
 

0,03 12,17 3,95 
 

0,06 

18-12-2014 8,0E+04 2,8E+04 
 

2,9E+04 3,91 1,48 
 

0,77 13,36 3,95 
 

0,00 
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19-12-2014 1,4E+05 3,3E+04 
 

3,5E+03 13,68 1,73 
 

0,03 20,68 4,67 
 

0,00 

22-12-2014 3,3E+05 4,0E+04 
 

3,9E+03 26,67 2,54 
 

0,03 50,43 5,65 
 

0,04 

23-12-2014 1,6E+05 3,5E+04 
 

2,7E+03 10,35 2,43 
 

0,04 25,41 4,93 
 

0,00 

24-12-2014 2,2E+04 3,2E+04 
 

4,4E+03 1,45 1,86 
 

0,03 4,86 4,56 
 

0,05 

29-12-2014 4,1E+05 4,3E+04 
 

4,3E+03 30,83 3,12 
 

0,03 55,41 6,21 
 

0,00 

30-12-2014 1,5E+05 4,3E+04 
 

6,9E+03 15,64 3,16 
 

0,12 23,59 6,11 
 

0,12 

31-12-2014 8,6E+04 3,5E+04 
 

1,2E+05 7,52 1,94 
 

10,33 13,17 5,17 
 

0,12 

2-1-2015 2,6E+05 3,9E+04 
 

7,5E+03 26,51 4,44 
 

0,22 44,02 5,50 
 

0,20 

5-1-2015 5,3E+05 4,1E+04 
 

2,6E+04 27,44 3,74 
 

0,63 77,79 5,70 
 

1,50 

6-1-2015 5,0E+05 3,2E+04 
 

6,1E+05 28,46 3,38 
 

14,88 70,84 4,29 
 

57,83 

7-1-2015 1,3E+05 4,8E+04 
 

1,4E+04 10,88 3,90 
 

0,27 25,11 5,97 
 

0,02 

8-1-2015 2,7E+05 2,8E+04 
 

5,9E+03 11,69 2,94 
 

0,08 41,15 3,90 
 

0,30 

9-1-2015 3,2E+05 3,3E+04 
 

7,7E+03 22,20 2,18 
 

0,19 43,09 4,85 
 

0,62 

12-1-2015 3,3E+05 3,0E+04 
 

6,3E+03 16,72 1,76 
 

0,08 46,56 4,27 
 

0,34 

13-1-2015 2,2E+05 3,5E+04 
 

7,3E+04 20,00 2,53 
 

10,11 34,11 5,05 
 

15,51 

14-1-2015 8,6E+04 2,7E+04 
 

4,7E+04 5,95 1,30 
 

6,27 14,13 3,77 
 

9,77 

15-1-2015 8,4E+04 2,7E+04 
 

3,6E+03 4,13 1,38 
 

0,00 13,93 3,81 
 

0,00 

16-1-2015 1,6E+05 3,1E+04 
 

2,0E+03 17,75 2,12 
 

0,03 26,36 4,38 
 

0,03 

19-1-2015 1,8E+05 3,1E+04 
 

3,4E+03 10,43 1,66 
 

0,02 29,08 4,35 
 

0,00 

20-1-2015 1,7E+05 3,2E+04 
 

3,3E+03 17,71 2,16 
 

0,00 27,95 4,55 
 

0,00 

21-1-2015 2,5E+05 3,1E+04 
 

2,8E+04 22,04 1,90 
 

0,56 39,33 4,51 
 

0,03 

22-1-2015 9,2E+04 3,0E+04 1,0E+04 4,0E+03 5,08 1,52 0,54 0,00 15,16 4,28 1,45 0,04 

23-1-2015 1,7E+05 3,1E+04 3,1E+05 3,2E+03 16,82 1,80 15,24 0,02 26,72 4,49 44,31 0,03 

26-1-2015 2,5E+05 3,5E+04 3,1E+05 3,9E+03 14,26 2,12 15,26 0,03 33,83 4,93 44,31 0,03 

27-1-2015 3,1E+05 3,6E+04 3,1E+05 5,8E+03 22,60 2,53 15,25 0,09 43,30 5,09 44,31 0,14 

28-1-2015 2,4E+05 8,9E+04 3,1E+05 4,2E+03 21,06 3,57 15,23 0,03 37,58 11,44 44,31 0,00 

29-1-2015 8,9E+04 3,3E+04 
 

4,7E+03 5,86 2,05 
 

0,04 15,04 4,77 
 

0,00 

30-1-2015 1,8E+05 3,7E+04 
 

1,4E+05 14,93 2,10 
 

12,07 28,33 5,64 
 

0,17 

2-2-2015 3,1E+05 3,8E+04 3,1E+05 7,3E+03 23,99 3,51 15,22 0,31 55,78 5,33 44,31 0,47 

3-2-2015 3,6E+05 3,9E+04 
 

1,7E+04 23,82 3,71 
 

0,38 55,81 5,48 
 

0,56 

4-2-2015 2,4E+05 2,6E+04 
 

9,4E+03 14,55 2,29 
 

0,14 37,50 3,55 
 

0,17 

5-2-2015 1,4E+05 3,1E+04 
 

2,4E+03 9,48 3,35 
 

0,00 28,05 4,10 
 

0,07 

6-2-2015 2,4E+05 2,9E+04 
 

5,7E+03 15,89 1,67 
 

0,19 32,70 4,19 
 

0,33 

9-2-2015 2,2E+05 3,0E+04 3,1E+05 6,0E+03 14,23 1,67 15,20 0,18 35,73 4,15 44,31 0,38 

10-2-2015 3,9E+05 2,9E+04 1,9E+05 8,5E+03 23,33 3,26 9,39 0,10 58,38 3,90 27,44 0,19 

11-2-2015 8,1E+04 2,6E+04 
 

3,8E+03 5,39 1,28 
 

0,03 12,19 3,73 
 

0,00 

12-2-2015 7,7E+04 2,6E+04 1,8E+05 3,3E+03 3,46 1,36 8,87 0,02 12,83 3,74 26,03 0,00 

13-2-2015 1,4E+05 2,8E+04 
 

3,1E+03 12,84 1,39 
 

0,00 20,84 3,95 
 

0,00 

16-2-2015 1,8E+05 3,0E+04 
 

3,1E+03 8,93 1,60 
 

0,02 27,74 4,23 
 

0,03 

17-2-2015 1,5E+05 3,1E+04 
 

3,6E+03 13,45 1,79 
 

0,03 22,79 4,36 
 

0,00 

18-2-2015 2,1E+05 2,4E+04 
 

2,5E+04 16,51 1,27 
 

0,53 31,79 3,38 
 

0,02 

19-2-2015 8,3E+04 2,7E+04 
 

3,1E+03 3,70 1,37 
 

0,00 13,76 3,59 
 

0,03 

20-2-2015 1,4E+05 3,0E+04 
 

3,2E+03 12,75 1,49 
 

0,00 21,11 4,10 
 

0,07 

23-2-2015 1,8E+05 3,3E+04 
 

3,1E+03 10,38 1,94 
 

0,00 27,86 4,60 
 

0,03 

24-2-2015 1,4E+05 3,0E+04 
 

3,6E+03 12,94 1,95 
 

0,03 22,68 4,33 
 

0,00 

25-2-2015 2,2E+05 3,1E+04 
 

4,0E+03 18,29 1,79 
 

0,03 32,66 4,43 
 

0,03 
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26-2-2015 9,2E+04 3,2E+04 
 

4,5E+03 6,37 1,86 
 

0,04 15,19 4,58 
 

0,03 

27-2-2015 2,2E+05 3,5E+04 
 

8,9E+04 14,52 1,96 
 

5,84 26,52 5,25 
 

0,02 

2-3-2015 2,2E+05 3,9E+04 
 

4,2E+03 18,99 3,61 
 

0,11 38,60 5,36 
 

0,00 

3-3-2015 3,2E+05 3,8E+04 
 

1,5E+04 20,80 3,32 
 

0,28 48,44 5,28 
 

0,24 

4-3-2015 2,2E+05 2,7E+04 
 

9,0E+03 13,87 2,30 
 

0,14 33,97 3,73 
 

0,17 

5-3-2015 1,3E+05 3,0E+04 
 

5,9E+03 9,41 3,18 
 

0,17 25,00 4,03 
 

0,33 

6-3-2015 2,3E+05 2,8E+04 
 

4,3E+03 15,21 1,47 
 

0,03 30,77 4,02 
 

0,08 

9-3-2015 2,2E+05 2,9E+04 
 

4,0E+03 14,91 1,90 
 

0,25 34,51 4,13 
 

0,44 

10-3-2015 3,7E+05 2,8E+04 
 

5,5E+03 22,17 3,02 
 

0,05 54,03 3,80 
 

0,19 

11-3-2015 1,2E+05 2,6E+04 
 

4,4E+03 7,60 1,27 
 

0,03 18,05 3,66 
 

0,16 

12-3-2015 8,0E+04 2,5E+04 
 

5,0E+03 3,59 1,32 
 

0,00 13,26 3,58 
 

0,05 

13-3-2015 1,3E+05 2,7E+04 
 

3,0E+03 12,73 1,54 
 

0,02 20,42 3,79 
 

0,00 

16-3-2015 1,7E+05 2,9E+04 
 

3,3E+03 8,97 1,64 
 

0,03 26,57 4,11 
 

0,00 

17-3-2015 1,5E+05 2,7E+04 
 

3,4E+03 14,32 1,60 
 

0,03 24,16 3,84 
 

0,04 

18-3-2015 2,3E+05 3,0E+04 
 

3,5E+03 20,38 1,52 
 

0,03 33,93 4,20 
 

0,02 

19-3-2015 8,0E+04 2,8E+04 
 

2,5E+04 4,56 1,35 
 

0,52 13,26 3,96 
 

0,00 

20-3-2015 1,4E+05 3,0E+04 
 

3,0E+03 15,00 1,53 
 

0,00 21,27 4,27 
 

0,00 

23-3-2015 1,9E+05 3,2E+04 
 

8,1E+03 13,99 1,89 
 

0,77 31,47 4,45 
 

0,06 

24-3-2015 1,5E+05 3,0E+04 
 

3,2E+03 15,77 1,90 
 

0,03 23,81 4,18 
 

0,00 

25-3-2015 2,2E+05 3,0E+04 
 

3,5E+03 21,61 1,85 
 

0,02 32,94 4,34 
 

0,00 

26-3-2015 1,5E+05 3,1E+04 
 

1,9E+03 7,11 1,79 
 

0,03 19,91 4,43 
 

0,02 

27-3-2015 1,6E+05 3,2E+04 
 

5,8E+03 15,29 1,90 
 

0,03 24,73 4,59 
 

0,00 

30-3-2015 1,9E+05 3,5E+04 
 

3,0E+03 16,74 2,29 
 

0,03 31,55 4,87 
 

0,02 

31-3-2015 1,4E+04 3,4E+04 
 

1,4E+05 1,10 2,38 
 

7,39 3,35 5,11 
 

0,00 

1-4-2015 2,6E+05 3,5E+04 
 

5,0E+03 28,45 3,34 
 

0,12 47,11 4,91 
 

0,10 

2-4-2015 2,1E+05 3,4E+04 
 

1,7E+04 12,04 3,09 
 

0,42 33,87 4,66 
 

0,34 

3-4-2015   
  

1,8E+03   
  

0,04   
  

0,00 

7-4-2015 4,1E+05 4,0E+04 
 

2,1E+05 33,69 2,75 
 

5,18 67,10 5,59 
 

18,23 

8-4-2015 4,1E+05 3,3E+04 
 

8,6E+03 17,82 3,45 
 

0,09 55,91 4,55 
 

0,37 

9-4-2015 1,8E+05 4,7E+04 
 

4,4E+03 9,28 4,13 
 

0,11 31,30 5,75 
 

0,28 

10-4-2015 2,4E+05 3,2E+04 
 

4,0E+03 18,58 1,85 
 

0,00 34,24 4,60 
 

0,11 

13-4-2015 2,2E+05 2,9E+04 
 

5,3E+04 14,76 3,11 
 

7,61 39,71 3,97 
 

11,16 

14-4-2015 1,9E+05 3,0E+04 
 

2,9E+04 17,73 1,85 
 

3,70 29,50 4,22 
 

5,86 

15-4-2015 8,4E+04 2,6E+04 
 

2,9E+03 4,55 1,22 
 

0,00 12,70 3,70 
 

0,00 

16-4-2015 1,1E+05 2,6E+04 
 

3,9E+03 5,09 1,35 
 

0,03 17,53 3,64 
 

0,14 

17-4-2015 1,5E+05 2,8E+04 
 

2,5E+03 15,99 1,55 
 

0,00 23,59 4,03 
 

0,00 

20-4-2015 1,8E+05 3,0E+04 
 

2,6E+04 9,93 1,59 
 

0,56 28,16 4,22 
 

0,02 

21-4-2015 1,6E+05 3,0E+04 
 

2,8E+03 16,06 1,90 
 

0,03 24,28 4,27 
 

0,00 

22-4-2015 2,3E+05 2,9E+04 
 

3,2E+03 19,69 1,67 
 

0,00 34,99 4,09 
 

0,04 

23-4-2015 8,6E+04 2,9E+04 
 

3,2E+03 4,60 1,42 
 

0,00 14,23 4,03 
 

0,03 

24-4-2015 2,0E+05 3,1E+04 
 

2,6E+03 17,69 1,82 
 

0,00 31,05 4,45 
 

0,00 

27-4-2015 1,2E+05 3,3E+04 
 

2,7E+03 8,79 2,12 
 

0,03 18,45 4,70 
 

0,00 

28-4-2015 2,4E+05 2,7E+04 
 

1,7E+03 18,81 1,98 
 

0,03 30,50 3,84 
 

0,00 

29-4-2015 2,2E+05 8,9E+04 
 

4,7E+03 21,09 3,85 
 

0,03 33,03 10,96 
 

0,00 

30-4-2015 9,1E+04 3,2E+04   7,1E+04 6,34 2,09   5,77 15,41 4,69   0,02 
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Appendix K 
Total relative absolute error for a time series of type i: 

𝑇𝑅𝐴𝐸𝑖 =
∑|𝑣𝑖𝑗 − 𝑣𝑖�̂�|

∑ 𝑣𝑖𝑗
 𝑗 = 𝑑𝑎𝑦 

Mean absolute error for a time series of type i: 

𝑀𝐴𝐸𝑖 =  
∑|𝑣𝑖𝑗 − 𝑣𝑖�̂�|

𝑁
 𝑗 = 𝑑𝑎𝑦 

Appendix L 
Base scenario lead-times, forecasted amounts of addresses and estimated actual arrivals of 
addresses per type of batch to be scheduled. Estimations were based on the real actual arrivals per 
main type of transcripts, divided by the average percentage per subordinate frequency/type. 

 

  

Frequency Average 

lead-time 

(days)

Total 

forecast 

(addr./ 

month)

Actual 

(addr./ 

month)

Average 

lead-time 

(days)

Total 

forecast 

(addr./ 

month)

Actual 

(addr./ 

month)

Retail payment accountsWeekly 4,6 480.000        538.765     4,6 473.320     562.182     

2-weekly 4,8 800.000        897.942     4,8 810.000     922.384     

Monthly 6,16 1.100.000    1.234.670 6,16 1.300.000 1.568.992 

Commercial payment accountsWeekly 4,2 100.000        119.668     4,2 130.000     112.321     

2-weekly 3 20.000          23.934       3 20.000       22.464       

Monthly 4,2 190.000        227.369     4,2 175.000     213.409     

Savings accountsMonthly 9,4 625.000        479.456     9,4 760.000     770.728     

Groei (monthly) 10 51.000          51.000       10 51.000       154.787     

Pensioensparen (monthly) 7,5 1.500            1.500          7,5 1.500          1.500          

Levensloop (quarterly) 10 6.500            6.500          10 6.500          13.822       

Groei Groter (quarterly) 10 -                 -              10 35.000       49.819       

Spaarloon (quarterly) 10 -                 -              10 100.000     148.743     

Credit card accountsCreditcards (monthly) 6 50.000          53.073       6 74.500       68.895       

Platinumcards (monthly) 6 40.000          41.069       6 31.500       24.819       

Investment accountsHypotheken (monthly) 6,5 15.000          22.146       6,5 70.000       58.827       

Rente (monthly) 4 100.000        150.274     4 110.000     102.227     

Total 6,04 3.579.000    3.847.366 6,28 4.067.320 4.807.713 

November January



70 
 

Appendix M 
Base scenario production times, based on both forecasted amounts and actual amounts given in 
Appendix L. Conversion to production times was done, based on the printing and enveloping rates 
given in Appendix I. 

 

Frequency Forecasted 

printing 

time

Forecasted 

enveloping 

time

Actual 

printing 

time

Actual 

envelopin

g time

Forecaste

d printing 

time

Forecaste

d 

envelopin

g time

Actual 

printing 

time

Actual 

enveloping 

time

Weekly 29,71 67,25 33,35 75,49 29,30 66,32 34,80 78,77

2-weekly 51,51 116,04 57,82 130,25 52,15 117,49 59,39 133,79

Monthly 103,65 224,69 116,33 252,20 122,49 265,55 147,84 320,49

Weekly 7,85 26,56 9,39 31,78 10,20 34,52 8,81 29,83

2-weekly 1,27 5,01 1,52 6,00 1,27 5,01 1,43 5,63

Monthly 18,42 54,04 22,04 64,66 16,96 49,77 20,69 60,69

Monthly 15,90 68,01 12,20 52,17 19,33 82,70 19,61 83,87

Groei (monthly) 1,30 5,55 1,30 5,55 1,30 5,55 3,94 16,84

Pensioensparen (monthly) 0,04 0,16 0,04 0,16 0,04 0,16 0,04 0,16

Levensloop (quarterly) 0,17 0,71 0,17 0,71 0,17 0,71 0,35 1,50

Groei Groter (quarterly) 0,00 0,00 0,00 0,00 0,89 3,81 1,27 5,42

Spaarloon (quarterly) 0,00 0,00 0,00 0,00 2,54 10,88 3,78 16,19

Creditcards (monthly) 1,27 3,80 1,35 4,04 1,90 5,67 1,75 5,24

Platinumcards (monthly) 0,99 3,37 1,02 3,46 0,78 2,66 0,61 2,09

Hypotheken (monthly) 0,81 2,52 1,20 3,72 3,80 11,75 3,19 9,87

Rente (monthly) 5,43 16,78 8,15 25,22 5,97 18,46 5,55 17,15

Total 238,31 594,49 265,88 655,40 269,09 680,99 313,05 787,54

Savings 

accounts

Credit card 

accounts

Investment 

accounts

November January

Retail payment 

accounts

Commercial 

payment 

accounts



71 
 

Appendix N 
Model inputs November 

 
 

Bank account type Set N 
(products and 
frequency) 

Period  
𝑷𝒊 
(work 
days) 

Batches/ 
month 
𝑸𝒊 (nr) 

Volume 
per 
batch 𝒗𝒊 
(Address
es/ 
batch) 

Batch 
rate 
printing 
𝒓𝒊𝟏 
(addresse
s/ hour) 

Batch rate 
enveloping 
𝒓𝒊𝟐 
(addresses
/ hour) 

Batch 
printing 
time 𝒂𝒊𝟏  
(hours) 

Batch 
enveloping 
time 𝒂𝒊𝟐   
(hours) 

Prioritizat
ion 
weight 

𝒘𝒊 

Fixed 
arrival 
constraint 

1 Retail payment 
accounts 

Weekly 5 40 12000 16155 7137 0,74 1,67 400  

2  2-weekly 10 20 40000 15531 6894 2,58 5,62 200  

3  Monthly 20 10 110000 10613 4896 10,36 17,73 100  

4 Commercial 
payment accounts 

Weekly 5 40 2500 12744 3766 0,20 0,64 800  

5  2-weekly 10 20 1000 15699 3992 0,06 0,25 400  

6  Monthly 20 10 19000 10317 3516 1,84 5,13 200  

7 Savings accounts Groei (monthly) 20 1 51000 39311 9190 1,30 5,55 1  

8 Credit card 
accounts 

Creditcards 
(monthly) 

20 1 50000 39265 13151 1,27 3,68 Fixed 
arrival 

𝑥11,18 = 1 

9  Platinumcards 
(monthly) 

20 1 40000 40459 11854 0,99 2,94 Fixed 
arrival 

𝑥12,19 = 1 

10 Investment 
accounts 

Hypotheken 
(monthly) 

20 1 15000 18430 5959 0,81 2,52 Fixed 
arrival 

𝑥13,3 = 1 

11  Rente (monthly) 20 2 50000 18430 5959 2,71 8,39 Fixed 
arrival 

𝑥14,1 = 1 
𝑥14,6 = 1 
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Appendix O 
Model inputs January 

 
 

Bank account type Set N 
(products and 
frequency) 

Period  
𝑷𝒊 
(work 
days) 

Batches/ 
month 
𝑸𝒊 (nr) 

Volume 
per 
batch 𝒗𝒊 
(Address
es/ 
batch) 

Batch 
rate 
printing 
𝒓𝒊𝟏 
(addresse
s/ hour) 

Batch rate 
enveloping 
𝒓𝒊𝟐 
(addresses
/ hour) 

Batch 
printing 
time 𝒂𝒊𝟏  
(hours) 

Batch 
enveloping 
time 𝒂𝒊𝟐   
(hours) 

Prioritizat
ion 
weight 

𝒘𝒊 

Fixed 
arrival 
constraint 

1 Retail payment 
accounts 

Weekly 5 40 12000 16155 7137  0,73   1,66  400  

2  2-weekly 10 20 40000 15531 6894  2,61   5,87  200  

3  Monthly 20 10 110000 10613 4896  12,25   26,55  100  

4 Commercial 
payment accounts 

Weekly 5 40 2500 12744 3766  0,26   0,86  800  

5  2-weekly 10 20 1000 15699 3992  0,06   0,25  400  

6 Savings accounts Monthly 20 10 19000 10317 3516  1,70   4,98  200  

7  Groei (monthly) 20 1 51000 39311 9190  1,93   8,27  1  

8 Credit card 
accounts 

Creditcards 
(monthly) 

20 1 50000 39265 13151  1,90   5,67  Loose 
constraint 

 

9  Platinumcards 
(monthly) 

20 1 40000 40459 11854  0,78   2,66  Loose 
constraint 

 

10 Investment 
accounts 

Hypotheken 
(monthly) 

20 1 15000 18430 5959  3,80   11,75  Loose 
constraint 

 

11  Rente (monthly) 20 2 50000 18430 5959  2,98   9,23  Loose 
constraint 

 

 


