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Management Summary

During this research we developed a framework to assess risk and uncer-
tainty for the tactical planning process for 12 months with NX Filtration. This
company produces different types of membrane solutions for filtering, focusing
on Direct Nano Filtration Membranes, which is a breakthrough technology. As
a result of this technological breakthrough, the company has grown rapidly over
the past couple of years and is currently experiencing hypergrowth, expecting
an exponential growth of production to facilitate the hypergrowth. The com-
pany has created a strategic plan to position itself for this hypergrowth. A
tactical planning process, to determine the right tactical actions to realise this
strategy is lacking at the moment. The goal of our research is to provide a
structure for the company to improve its tactical planning process. This is done
by researching three main pillars: A rolling forecast of the cash flows, innova-
tion, and performance measurement. A literature study is performed to design
our framework, followed by a thorough analysis of relevant company processes.
Based on literature and findings, we propose a structure to manage the S&OP
cycle. The structure aims to present a manageable and structured cycle, involv-
ing all relevant inputs to create the right tactical planning within the strategic
direction of the company, creating a comprehensive approach with hypergrowth.

Our research starts with an analysis of the current situation of the company.
The main mode of tactical planning is the S&OP process, which was recently
introduced in the company and therefore still immature. To achieve a higher
level of maturity for this process we investigated three pillars. Starting with
the construction of a rolling forecast, this forecast incorporates all cash flows
related to the company’s S&OP process, adding analyses of the production pro-
cess resulting in improved recommended safety stocks and a recommendation
regarding customer order decoupling point.

The next step is a decision framework regarding product and process innova-
tion. The goal of this framework is to align the current mode of innovation
management with the S&OP process, incorporating innovation in the tactical
planning. The third step is a performance measurement and evaluation frame-
work, making the S&OP process circular and easier to manage throughout the
organisation.

Finally, with the insights and outputs generated, we designed a framework, using
Enterprise Architecture Management. This starts with a framework analysing
the current situation of the company. The model presents four layers: The
overall process, the responsible person/department, the business processes, and
the application layer. We developed a new structure based on the findings, the
current situation, and the literature. The main process is based on five steps:
Data gathering, demand planning, capacity planning, pre-S&OP meeting, and
a final executive S&OP meeting. In the pre-S&OP meeting, multiple scenarios
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are evaluated, incorporating the currently excluded departments: finance and
R&D. Our framework is made cyclical via performance measurement and eval-
uation. The cycle should be repeated on a monthly basis, with an underlying
weekly rhythm. This results in a closed-loop process that repeats itself on a
monthly basis. To make the cycle operational, weekly performance meetings
should be held to align tactical and operational planning.

Key conclusion of this investigation is that in a situation of hypergrowth, our
proposed framework can be used to assess the risk and uncertainty of the com-
pany and manage the future growth. For our research key elements of this
framework are: working with a rolling forecast, a multidisciplinary approach,
assessing multiple scenarios, and a closed-loop performance system.

Key Words

Tactical planning, S&OP, SIOP, Cash flows, Inventory Management, Customer

Order Decoupling Point, Working Capital, Innovation, new product introduc-

tion, new production process introduction, Decision tree, Performance Measure-
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1 Company

1.1 Company Description

NX Filtration produces different types of membrane solutions for filtering. The
goal of the company is to give a solution to provide clean and affordable water
for all. Currently, NX Filtration sells 8 types of different filtering membranes,
focusing on Direct Nanofiltration Membranes (dNF). In this type of water filtra-
tion is based on a unique, nano-based technology, with very specific advantages.
The company wants to provide a solution for clean water, for both drinking and
other purposes. Shortages in water are a worldwide challenge, and the need for
water is a worldwide problem. NX Filtration offers membrane solutions that
filter water, capable of selectively removing organics from polluted water, in-
cluding micropollutants, color, antibiotics, PFAS, bacteria, and viruses. This
filtration system is a module consisting of multiple bundles consisting of mem-
branes, resulting in a solution that treats wastewater for reuse. This ground-
breaking solution offers the world a different option for reusing polluted water,
a green solution as it can be re-used completely and has to possibility to be
connected to current existing installations easily. This fully fits the company
strategy, which is to provide environmentally friendly solutions for providing
clean water to the world. Due to the high potential of the solutions the com-
pany offers and the expected exponential demand for water filtering solutions,
the company has the potential for hypergrowth.

NX Filtration is still a fairly new company that originated in 2016. Over the
past years, the company has already shown serious growth, resulting in more
than 8 million annual sales in 2022, targeting 18-22 million sales in 2023. To
enable this growth, timely investments are necessary. To fund necessary in-
vestments NX Filtration became a stock-listed company in 2021. This listing
resulted in funding of 150 million in capital for investments in the company’s
future growth. The goal of growth for the company is assessed by the com-
mission of new global water markets and a further rollout of full-scale projects.
One of the first tangible and visible investments is the new factory in Hengelo,
for which construction has started. Planning is to commission the new factory
from 2024 on. Besides that the company rents a location that will be used as
a distribution centre, to hold fast-moving stock items. Currently, these logis-
tical tasks are outsourced. Alongside the exponential growth, the company is
increasing its global presence and is growing internationally. This growth and
internationalisation of the company require fast changes and further profession-
alisation of the organisation and processes. The main company goal is to provide
a solution to offer clean and affordable water for all with the use of the dNF
solutions. Currently, the company is not making any profit as the company
is still sub-scale and needs to invest in further growth. As the organisation is
growing and professionalising, the company is aiming at making a profit in the
mid-term future, and for the long term, the company foresees a further increase
in value creation, based on exponential growth.
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The company was originally organised into four departments: Sales, Tech-
nology, Operations, and G&A (general and administrative). In 2023 another
department has been added: the supply chain department. This department
has the responsibility to control the end-to-end value chain and reports to the
director of operations.

The company has made a strategic plan for the coming 5 years, expecting
hypergrowth. On a tactical level, the company needs more insight into risks,
uncertainties, and financial resources, to make sure the hypergrowth can be man-
aged properly. This is the background of this thesis. Our research focuses on
the entire value chain of the company and is given by the board of the company.
The focus of the research is to create insight and improvement on a tactical level,
with an assessment of risks and uncertainties, from a financial point of view. To
create these insights, the inputs and outputs are used by the entire organisation.

1.2 Current Situation

In this section, we describe the current situation and directly involved depart-
ments regarding the planning process. This gives insight into the current meth-
ods used, and the problem context of the company. The goal of the project
is the development of a tool making the tactical planning decisions visible in
the planning process of the company, by assessing risks and uncertainties. All
described aspects are in the scope of this research, and directly affected by the
research.

1.2.1 Demand Forecast

The company divides its demand forecasts into two different types. The sales
budget, on which the long-term planning is based, this long-term planning is the
main source for the monthly S&OP supported by the second type the Hotlist
and sales funnel. The demand forecasts within the Hotlist and sales funnel are
reviewed weekly.

The demand forecast is the first input for the S&OP. The forecast is based
on two components; the backlog orders and a forecast for the sales. To de-
fine a proper forecast the outstanding sales should be translated into a demand
forecast, which is used as an input to determine the number of products that
need to be produced. Sales of the company are registered in Salesforce. This is
a customer requirements tool in which, the progress of an opportunity is pro-
cessed. At the start of the year a budget for sales is defined, this budget shows
how many products the company should sell over the upcoming year, based on
the already known sales opportunities complemented with an indication of what
sales opportunities are expected and the capabilities of production. Sales are
divided into multiple departments each corresponding to a region, whereas each
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region has a responsible director. To make a proper forecast of the sales for the
upcoming year, a sales budget for 2023 has been made by the company. In this
sales budget, the expected sales are a cumulation, based on estimations of each
sales department, relying on opportunities of sales and backlog. These inputs
are used for the long-term planning process of the company.

In Salesforce, the progress of the sales is processed, into multiple steps, to
which a percentage is connected. This percentage is presented as the progress
percentage. A second percentage is given per sale, these percentages are based
on the number of boxes that need to be checked. Based on the number of boxes
checked the system derives a second estimation of the progress. The percent-
ages of the progress and the checked boxes should be approximately the same,
to make an as accurate as possible prediction of the possibility that the oppor-
tunity ends in a sale. However, due to the hypergrowth, the expected amount
of sales is hard to predict and percentages proved to be incorrect in the past.
This is the reason that the company introduced the Hotlist, as mentioned above.
This Hotlist is a list of opportunities, that is checked, by only a limited amount
of people, to enhance the authenticity of the opportunities on the list. To make
sure all Hot opportunities make the Hotlist, orders that have high percentages
are checked more frequently and when they have a high progress percentage but
are not checked as Hot, an explanation should be made why this is the case.
The company is working on improving the precision of these percentages, mak-
ing it possible to track progress and interpret demand based on those, making
the Hotlist unnecessary. Historically, the manually constructed Hotlist has been
a better indicator for the demand forecast. However, the practical implication
of the Hotlist is currently lacking due to the limited number of people being
allowed to check the Hotlist. Due to the limited number of authorised people,
when some have other duties and no time to monitor the hotlisting of items, the
hotlisting of items is lagging, which has negative results for the planning and
forecasting, as the Hotlist and backlog items are used to align the short term
production capacities with demand.

To improve insights into forecasts of the opportunities and customer fulfil-
ment, the company introduced bi-weekly meetings. These meetings are hosted
with all sales directors, focusing on the dynamics between backlog, sales fun-
nel and Hotlist. The goal of this meeting is to achieve better insights into the
visibility of the progression.

1.2.2 Order Entry

As stated above, the progress of the sales is tracked in Salesforce, which is
discussed later on in this chapter. The concept of the company is that when a
request for an order is made with a new customer this all goes via the original
equipment manufacturer (OEM). The company does normally not have direct
contact with the customer. The OEM runs a pilot phase with the new customer.
This pilot consists of a smaller concept of the demanded filtering system, to test

8



whether the product fulfils requirements. After successful completion of the pilot
phase, the full order is produced. This process has a relatively long time span,
meaning that potential orders are already known by the system long in advance.
However, as the company is maturing and potential customers become familiar
with the products of the company, direct orders of full-scale projects, also known
as repeat projects are received by the OEM. These orders are not always known
long in advance. The final and third type of order that is currently coming in, are
replacement orders. These orders are predictable as module replacements are
necessary each couple of years, between 3 and 5 years depending on the project.
This means that the company has three different types of orders, with all very
different levels of predictability. Figure 1 derived from the 2022 annual report,
gives insight into the current situation regarding the pilots, which continues into
demos or full-scale projects and the replacement orders. Showing the number
of projects for each category, the goal for 2023 is the establishment of more
full-scale projects, also replacement projects are occurring more regularly.

Figure 1: Roll out commercialisation type of orders [40].

1.2.3 Production Process

As the company is growing rapidly, the production processes are also ramping
up. Even during the relatively short period of this project a lot of changes
are planned in the production process. The situation described is based on the
situation at the starting point, the beginning of January 2023. The company
has currently two production locations. In the first production location, mem-
branes are produced. These membranes are shipped to the second location, at
which the membranes are assembled into the modules. This means that the
first location is a supplier of the second location and this location depends on
the products produced at the other location. The membranes are also the main
intermediate (semi-finished) products, of which the company holds inventory.

One module uses numerous membranes, which resulted in a necessity for
a faster production of the membranes than modules. The membrane produc-
tion is a continuous process, organised into five shifts, producing seven days a
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week. Each step is done continuously, except for the final step, the testing of
the products. At the moment this is done five days a week. The module pro-
duction process just changed from one to two shifts producing five days a week,
16 hours a day. At the start of this change, this led to faster module production
compared to membrane production. Currently, alignment between departments
is improving and membrane stocks are stabilised.

The membrane production is in the current situation operating with two, so-
called spin lines. These spin lines are essential in the production of the product.
However, there are three different types of membranes produced by the company
which can be divided into three categories:

• Microfiltration membranes (MF).

• Ultrafiltration membranes (UF).

• Nanofiltration membranes (dNF).

Changing the spin line from one to another category, results in loss of pro-
duction, due to changeover time and restart of the production. At the moment
changing is necessary as two spin lines are available for three categories of prod-
ucts. One spin line is solely used for dNF production, while the other one
changes between MF and UF. The expected growth of customer demand re-
sulted in a lack of capacity in the current factory in the near future. Therefore
as indicated above the company is building an entire new factory in Hengelo. In
this new factory, more spin lines will be available, resulting in the disappearance
of the changes between categories on the spin lines, and thus a more effective
production process.

At the moment raw material stocks are held at numerous locations. As of
February 2023, the company operates a new warehouse. In this warehouse, all
stocks of raw materials will be held. In the new warehouse, also a new ware-
house management system (WMS) is introduced making it possible to track
stocks digitally and create insights into the progress of products within the
company.

The WMS is an important step forward, operations management experi-
ences that, the company currently has insufficient insights into the progress of
the current operating processes. Performance indicators are lacking in the pro-
cess. Especially insights into root causes for disruptions or quality problems are
unavailable.

1.2.4 Procurement

As stated above, the current enterprise resource planning (ERP) system of the
company is not able to derive the entire bill of materials (BOM) as the program
only calculates the demand for the first level in the BOM. The first level means
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the first set of intermediate products necessary to produce the finished goods.
This means that the ERP system sets the demand for semi-finished products,
derived from sale schedules and not for raw materials. The demand for under-
lying materials is calculated with Excel. This Excel sheet is also used as the
representation of the procurement in the current S&OP.

In this Excel sheet the number of materials that will be delivered, the number
of materials that are in stock, and the number of materials that are necessary
for production are calculated and displayed. This all adds up to a number of
materials, which shows in red when it is negative, meaning that the company
will have problems if new materials do not arrive within this week. The cal-
culations are based on the production plan of the monthly S&OP. Plans are
made for orders of products when necessary, relying on deals with the suppliers,
concerning minimum order quantities, prices, and lead times. Currently, the
number of units available for stocks, and the price of holding stock are not com-
puted. However, since February 2023, the new warehouse is in operation, for
this warehouse estimations are made concerning the number of needed stocks,
based on the stock held per production order in the past. In the recent past the
number of necessary stocks was added to the material resource planning (MRP)
file, making sure orders are released when an item goes below the threshold
stock, this recommended stock could also be interpreted as the reorder level.

In the procurement process, the problems are presented and solutions are
found. A production plan looking forward 12 months is derived regarding the
necessary materials to deliver on time and when delivery of new products is nec-
essary, taking stock levels into account. This planning is not confirmed entirely
as new orders keep coming in and updates or changes are possible. However,
these numbers are shared with the suppliers and an estimation is made in agree-
ment with the suppliers around their estimated delivery schedule and possibil-
ities. When a supplier is not able to deliver on requested dates or has shown
to not meet the required delivery date the cause of this problem is analysed
and it is determined whether these alternatives are available or other options
should be considered. Currently, only one problem concerns the limitation of
the production capacity at the supplier. In case of a supplier not being able
to produce or deliver the required amounts, the buyer has multiple options, de-
pending on the type of product. The first option is discussing the possibilities
of growth with the supplier, whether they can deliver more in the future and
what time will it take them to expand their production. The second option is
searching for other suppliers of the products, who are able to deliver the de-
manded quantities. For commonly used items, switching suppliers is quite easy
as multiple suppliers are able to produce and deliver. However, for the more
specialised products switching becomes harder. For this reason, the company is
targeting a multi-sourcing strategy, making it possible to switch suppliers easily.

On top of that, the company has contracts with suppliers for a longer time
period and the number of materials needed based on the planning is scheduled
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for a period of time, meaning that switching suppliers is only possible when the
fault is on the side of the supplier and not at the company. The framework
agreements with the customer are over a period of 5 years, and agreements on
the number of products are planned for a period of one year, with for some
products the possibility of changes.

1.2.5 Planning

In the current situation, the company has two different types of mechanisms to
align the sales, which sets the demand for the production process. This is done
in a weekly evaluation, called the Sales Inventory and Operations (SIOP) meet-
ing, and a monthly evaluation called the Sales and Operations (S&OP) meeting.
Both these methods are explained in this section. The goal of the S&OP is to
look 12 months forward, while the SIOP focuses on short-term disruptions and
weekly production progress.

The planning is based on the earlier mentioned split in modules and mem-
branes, the membranes are combined into bundles. Some bundles can be used
in multiple types of membranes. With the number of forecasted modules, the
number of bundles needed is calculated. The long-term S&OP planning is based
on these calculations. This planning process is shortly described in the diagram
in Figure 2. The diagram shows that the sales budget for the upcoming year
is translated into an MRP for modules, which is translated into an MRP for
bundles, which results in a detailed S&OP. The MRP for modules and bun-
dles is constructed in the so-called ’S&OP Master file’, which is an Excel file
running scenarios from the sales budget on the production capacity. With this
the preparations for the S&OP are done, which results in the detailed S&OP
planning. To develop a consistent and precise plan the data is updated monthly.
In the S&OP planning safety stocks for both bundles and membranes are in-
cluded. However, no exact calculations regarding those are made, which means
that currently, no insights are available into safety stocks and related risks and
uncertainties.

Figure 2: Plan process S&OP.
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1.2.6 S&OP

In 2022 the S&OP process was introduced at NX Filtration. Its goal is the align-
ment of sales and production. In other words, this model is the link between
the sales and the operational planning process; a seamless connection between
the two and the ability of operations to fulfil the demand arising from sales.
A monthly S&OP meeting is held to evaluate the performance of past months,
backlog, and necessities and adjustments for the upcoming months.

The S&OP meetings are the main process the company is using, as the
mode of integrative business planning. In Figure 3 a representation is made of
all functions involved in the S&OP process.

Figure 3: Organogram S&OP team.

To construct the S&OP, data are gathered from all departments, as pre-
sented in Figure 3 Sales are responsible for the demand forecast, production for
production capacity, and procurement for supply capacity. Management of the
company is present in the meetings to evaluate, integrate and synchronise all
data and processes. Finance is present in the meeting to determine the impact
on the control of the company and cash flows related to the process. The S&OP
executive combines all information and is responsible for hosting the meetings.
In the current situation R&D, which is an important department within the
company, is not presented in the S&OP. Momentarily a vacancy is open for the
function of supply chain manager. The goal is to achieve that the supply chain
manager can hold responsibility for the S&Op process, becoming the S&OP
executive for the company.
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1.2.7 SIOP

In the SIOP of the company, an alignment is made between the latest order
entry, backlog, the inventories, and the production of the company for the short
term. In this SIOP first, a total overview of the number of products produced
and sold is made, for a period of 6 months. During the year 2022, the company
produced between 4000 and 5000 products. The next step is a representation
of the new orders won by the company, presented in both quantity and price.
The next step is the representation of the current backlog and Hotlist items
of the company. The backlog items are already confirmed orders that are not
delivered yet and the Hotlist items are sales in progress, with a high probability
of winning. The number, which is used as demand input consists of the backlog
and the Hotlist items. The number of orders is aligned with inventory resulting
in the number of products that need to be produced. During the SIOP, the
short-term planning is determined, focusing on the hotlist and backlog items,
making sure the planning is aligned with this.

The main difference between the SIOP and the S&OP is that the S&OP
focuses on the mid-term processes, and derives a planning for the mid-term. In
the case of NX Filtration, mid-term is defined as a time span of 12 months.
While the SIOP has a time span of 1 to 6 weeks. Looking at what happened in
the past weeks and aligning, the planned processes, with the actual sales and
sales that are added to the Hotlist.

1.2.8 ERP System

The main ERP system of the company is Exact Online, in this system, the
planning of inventory and necessary products are tracked. However, due to the
growth of the organisation and the ramp-up, the system does not fulfil all desired
functions. Therefore, recently the earlier mentioned, CRM package Salesforce
was introduced, to track the progress of the sales. On top of that, the com-
pany uses multiple Excel sheets to cover the functions Exact Online does not
offer. The main issue is that Exact Online only gives the possibility to plan
one product-level resulting in; incomplete, BOM structures, as the products in
the company, have product structures with at least three levels. These Excel
sheets make the alignment between different departments harder to establish.
The best solution for this would be to invest in a more robust ERP solution,
which covers multi-level BOM structures. On top of that Exact Online does
not offer the possibility to track changes in the system, which means that it is
not known whether the data is the original input or if it was changed. However,
implementation of a new ERP system is considered time-consuming, and not co-
herent with the current situation of growth and establishment of the new factory.
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1.2.9 Product and Process Innovation

Currently, product and process innovations are not integrated into the S&OP
of the company. Innovations are known within the company, and discussed in
monthly S&OP meetings, however not integrated into the long-term planning.
This results in the company currently using a meeting every two weeks to align
innovations with the correct procurement. In these meetings the possibilities of
the supply of needed materials are assessed. This is done early on in the inno-
vation process to make sure the correct materials are available. In the direct
planning process, only products that are at the end of the innovation life cycle
are considered that are already being sold and marketed.

To assess the progress of product innovation, the company uses a Stage-
Gate model, which was introduced recently. Innovations go through six different
stages:

1. Business case.

2. Concept.

3. Design free and manufacturability.

4. Validation.

5. Implementation.

6. Feedback.

Every stage has very specific deliverables. When all deliverables of a stage are
met, a stage gate review meeting is organised where the deliverables of the
finished stage are evaluated, followed by the key milestones and timeline for
the next stage. The meeting is authorised by the stage gate review committee,
which is currently represented by the board. For each different stage, definitions
are made regarding the requirements a product should have to finalise the stage,
this is done for both new product introductions (NPI) as well as new production
process introductions (NPPI).

On top of the introduction of new products and processes, the company is
constantly working on the optimisation of existing processes. Maximising the
production capacities and the yield percentages of the production processes.

Monitoring cash flows, regarding the NPIs and the necessarily related in-
vestments should be presented as a deliverable of the Stage-Gate process in the
future. However, except for the budget calculations, and costs target in the
first stage of the process, no evaluation regarding the costs and possibilities for
additional profits are part of the review cycle in the Stage-Gate. The company
is currently working on integrating this into the model, however, for current
innovations, this is lacking and barely incorporated. The company introduced
return on investment (ROI), as a measurement for the cash flows of innovations,
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however, this is only in the early stages of development, and no real ROI eval-
uations are done yet.

1.2.10 Investments

As mentioned earlier the listing of the company resulted in significant funding
for future growth. This funding allowed the company the opportunity to do
major investments enabling and supporting the company’s growth plan. The
most tangible investment is the construction of a new factory, which is currently
being built in Hengelo. Openings of the new factory will release significant ad-
ditional capacity for further growth and will therefore also result in a lot of
changes within the company. New resources will be needed, both in materials
and in new employees to make sure there will be no delays when the factory is
ready to operate. In the past, the company highly invested in pilot systems and
the development and optimisation of the products. Currently, the company is
focusing on stabilising the production and workforce to enable and support the
company’s growth. Other investments, beyond the funding related, should be
funded their by own generated cash flows.

1.2.11 Performance

In the current monthly S&OP meetings, no performance measurements are in-
cluded or evaluated. The only measure, which is presented during the meetings,
is the number of sales won, representing the number of new sales that were
won and entered the process. The ERP system, Exact Online, currently does
not offer data to derive important performance measures for the company. The
main pillars at which the company does evaluate their performance currently are
sales, operations, and finance. Power BI dashboards are used to present perfor-
mance and weekly or monthly reporting is done on these aspects. In the results,
the performance measurement of the company is discussed in more depth.

1.3 Strategic Business Goals of the Company

In this section, we shortly discuss the strategic business goals of the company. As
the unique position of the company is based on filtering water sustainably, the
company strongly focuses on the environmental, social, and governance (ESG)
profile and impact. The vision of NX Filtration is to be a leading company
regarding ESG performance. This is in line with the establishment of the ESG
committee within the company, adopted to set forth the duties, responsibilities,
and degree of authority of the ESG performance.

The company is growing rapidly, aiming at high growth in revenue each year.
This ambition is driven by the strong market position that NX Filtration all
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ready has, based on the technology, and is aiming to expand. This is mainly
focusing on the breakthrough dNF products in which the company is worldwide,
the only one providing this product. In the past year, the company focused on
pilot projects and demo plants, to introduce its products to the world. In the
longer term, the company wants to focus on converting these pilot projects into
full-scale projects and larger projects all over the world, eventually resulting in
OEMs, buying projects repeatedly.

The building of the new factory allows the company to assess larger and
more projects, giving them more flexibility in supplying new customers. The
new factory also improves the effectiveness of the company, allowing for prof-
itable growth.

From a financial point of view, the company is mainly focusing on the fol-
lowing pillars:

• A 10% market share in the growing sweet water market, which is a market
growing from 5-6 billion euros currently to 15 billion.

• Resulting in a revenue of 1.5 billion euros for the company, comprehensive
with the hypergrowth.

• Earnings Before Interest, Tax, Depreciation and Amortisation (EBITDA),
targeting similar numbers to peers in the industry.

These goals are focusing on the long-term, resulting in the company being
one of the market leaders in the water filtration market.

This research focuses on a tactical time span, therefor a demarcation is de-
rived of the long-term strategic business goals into their 12-month prospects.
This is based on road maps the company constructed for the upcoming year.
Due to confidentiality, some exact terms are missing and some goals have to be
presented in general terms. The tactical business goals presented, focus on sales
and operations.

Regarding sales, the following goals were set by the company:

• Structure the planning of pilot projects.

• Support team locally; to ensure smooth product introduction world-wide.

• Align and make decisions regarding the introduction of new products and
processes.

• Focus on applications with high commercial success.

• Develop the total solution; offering customers also the complementary
goods.
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• Expand the team globally.

Regarding operations, the road map demarcates in the following goals:

• Stabilise output of production processes.

• Measure and present performance.

• Scale-up of production.

• Facilitate R&D in the development and implementation of products.

• Improve production processes.

2 Research Problem

2.1 Problem description

As stated above, NX Filtration has a unique technology, enabling expected hy-
pergrowth for the coming years. To realise this growth, the strategic plan for
the coming 5 years needs to be translated into tactical plans, which make clear
what decision needs to be taken at what moments and what the risks and uncer-
tainties are. In the past due to the small operations, a proper tactical planning
method was not necessary, however, due to the growth integration is necessary
to manage growth and its corresponding factors. At the moment, this tactical
planning process is lagging in the company, resulting in sub-optimal decisions
regarding capacities, investments and design of the supply chain and mainly
not being prepared for the expected growth. In 2022 a S&OP planning for the
company was developed, which gives insight into the forecasts related to the
sales and operations. However, the current S&OP process is time-consuming,
not scalable and does not focus on optimisation of the process. The process
lacks overall integration in the company and alignment of departments. To pro-
fessionalise further and be comprehensive with the growth, the S&OP process
needs to be improved.

The current S&OP process does not have financial goals incorporated, such
as cash flows, investments, and contingencies, enabling the establishment of pos-
sibilities to create transparency towards customers and suppliers, but also for the
company itself, to take correct decisions at the right time. This has to start with
integrating the correct interpretation of expected sales, correct safety stocks and
buffers, to be prepared for uncertainties, from suppliers, production, or chang-
ing markets. Another related challenge is the planning of investments; proper
planning and business cases are missing, as a result of the lacking tactical plans.
This results in machines standing idle or machines being installed too late, as a
result of investments done without proper checks and knowledge of necessities.
Another missing link is the integration of innovation in the planning cycle of
the company, new product introductions, process innovations, and product in-
novations are currently done without a proper assessment of impact from both
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a financial as supply chain point of view. Resulting in incorrect capacities for
supply and production and unnecessary development of stock for finished goods.

A 12-month rolling forecast with a proper insight into the financial param-
eters is missing, a forecast helps in being better prepared for unforeseen cir-
cumstances in for example supply, investments and organisation. The following
problem is the missing integration of innovation, as the company is experi-
encing hypergrowth, innovation is still an ongoing process. However, planning
decisions are not integrated currently. Finally, an integration of a proper per-
formance evaluation cycle is missing, to assess the performance according to
the planned processes of the company, key performance measures should be
developed integrated, and evaluated.

2.2 Research Question

This problem description and demarcation of the project can be summarised in
the following research question:

How can the tactical planning process of a company be improved,
evaluated and integrated, giving insights in the uncertainties and risks
for an organisation experiencing hypergrowth?

This main research question is divided up into multiple sub-research ques-
tions:

1. How can a 12-month rolling forecast for the company be constructed?

(a) What is the volatility of the sales funnel and how is this forecasted
and evaluated?

(b) What is the time required to complete the tasks in the production
process, and what is the critical path?

(c) What safety stocks are necessary?

(d) Are the suppliers able to cope with the company’s growth?

(e) What is the impact of investments?

(f) What is the impact on working capital?

2. How can product and process innovations be incorporated in a planning
with tactical time span?
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(a) What is the impact of product innovation?

(b) What is the impact of process innovation?

3. How could the company improve their current performance measurement
in the current tactical planning cycle?

We start with a demarcation of the theoretical framework. With the help of
presenting important parameters and input for the research. This is followed by
four chapters answering each sub-research question. For each research question
first, the derived method and model are presented followed by the corresponding
outputs and applications. These outputs are all combined into a final framework.
This final framework is an extension and adaption of the presented current state
framework, presenting adaptions and proposing a new structure for the process.

3 Theoretical Framework

In our research, we focus on the tactical planning processes within an environ-
ment of hypergrowth. A theoretical framework is provided, giving insights into
the involved components of the project. Hypergrowth is defined as a phase of ex-
pansion, where companies experience a compound annual growth rate (CAGR)
of 40 % or higher. Most hypergrowth companies are new companies, driven
by high market demands. One important strategy supporting hypergrowth is
the inventiveness of the product, only an innovative product can create this
increase in demand [51]. High amounts of growth lead to uncertainties within
planning processes. Multiple components within tactical planning are prone to
uncertainties due to a situation of hypergrowth.

3.1 Planning

Planning normally exists on three horizons; strategic (3-5 years), tactical (12-24
months), and operational (0-13 weeks). This research focuses on the tactical
component of the planning process. To make a clear description of the scope of
the research and the tactical planning a short review is given on the three types
of planning and the aim of tactical planning, based on definitions by Wilson [55].

The strategic plan gives a high-level overview of the entire business, the vi-
sion objectives, and value-creation. This is the foundation for the company and
the basis on which it operates. A strategic plan is usually constructed over a
long-term horizon, approximately 5 years.

The second planning horizon is tactical planning, the tactical plan describes
the organisational plan to achieve the goals defined in the strategic plan. The
tactical plan breaks down the strategic goals into achievable chunks and actions
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that could be taken and what short-term goals the company should be striving
towards on a 12 to 24-month time span.

The third and final horizon is operational planning, this describes the day-
to-day running of the company and describes the actions that the company
should take on a short-term level to realise the required demand. This gives the
focus on a short-term horizon, which in most companies typically lies within
0-13 weeks.

The goal of incorporating a tactical planning process is the alignment of
strategic business goals coming from comprehensive integration, both horizon-
tal and vertical [53]. The source of planning currently used as a tactical mean
is a Sales & Operations planning (S&OP).

3.2 Sales and operations planning

S&OP (Sales and Operations Planning) is a planning process that aligns all
planning processes within an organisation, an S&OP can be defined as a cross-
functional long-term planning process that links different business processes into
one integrated plan with as purpose of a balance between supply and demand.
A S&OP is a cross-functional business process, which reconciles the different
supply- and demand-related plans and connects them with the strategic busi-
ness plan [51].

To derive a S&OP process five pillars should be constructed and integrated
into a company [2]:

1. Create an unconstrained demand forecast.

2. Create an initial supply plan.

3. Develop a final consensus operating plan.

4. Communicate and implement the plan.

5. Measure the process performance.

The inputs for S&OP planning involve demand forecasts, information on cus-
tomers, suppliers, resources, capacities, inventory and, S&OP goals [51]. This
is translated into a five-step model which is displayed in Figure 4.

The model describes the concept of the S&OP process, which serves as a ref-
erence in multiple organisations [31]. Step 1, data gathering occurs at the start
of each month. Gathered data include; production, supply, sales, inventory, new
products, costs, and prices. Step 2 is demand planning, in which sales reviews
historical data, including the introduction of new products and other market
initiatives, resulting in demand forecasts. Step 3 is the planning of capacity
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Figure 4: Five-Step S&OP process concept [54].

regarding supply and production. In this step, the unconstrained demand plan
together with capacity data is used to identify possible constraints. In Step
4 representatives from different functional areas discuss gaps between demand
and capacities, deriving a plan. This plan with some unresolved issues needing
senior management is taken to the final meeting in Step 5: the executive meet-
ing, in this step the company’s highest level management team, takes part to
approve the S&OP plan and takes all relevant actions regarding the realisation
of this plan [47]. All these steps combined are seen as the entire S&OP process.

Grimson and Pyke [20] describe a framework describing five stages in which
a company can stand regarding the maturity of their S&OP model, these stages
are presented in Table 1.

Table 1: S&OP Maturity Framework [20].

In this table, a clear distinction is made between the different maturity
stages. The current maturity stage of the company revolves between Stage 2
and Stage 3, in this research we focus on further development of the maturity
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of the planning process.

To set up a clear S&OP process, the team and departments involved should
be cross-functional to assure all inputs for all functions are taken into account.
Representatives should be involved, from sales and marketing to establishing
demand management and forecasting and an operational team for inventory,
supply chain, and production scheduling [21]. The success is also highly de-
pendent on the S&OP champion ideally, senior executives, joining in meetings
where the planning is reviewed and approved and final authority is granted to
implement decisions [49].

Implementation of the S&OP process finds its difficulties in the fact that
corporations need to change and integrate multiple business processes, and not
solely one single business process. This often requires fundamental changes
supported by incentive schemes, a task that requires major change management
efforts [49].

Incorporating finance in the S&OP process is desirable in organisations giv-
ing clear gains for the entire S&OP process. Looking at the earlier described
steps finance should have an important role in each step. The main benefits of
incorporating finance are the assessment of different scenarios outcomes around
risk and pending issues, measuring the impact of certain decisions, and eval-
uating the return on investment and impact cash flows. Shortly, finance can
improve decision-making and support the measurement of progress, resulting in
a higher level of holistic understanding [47]. Regardless of the level of matu-
rity at which a company is operating regarding their S&OP process, financial
parameters can help in the assessment and evaluation of assets, investments,
revenues, costs, and profits [39].

3.3 Program Evaluation and Review Technique

The method of program evaluation and review technique is better known as
the abbreviation PERT. PERT is a method that is used to assess and project
uncertainties within the time-span of a project. The purpose of PERT is to
give insight into the different tasks of a project and their duration. PERT gives
three different time-spans of the tasks within a project, expected time, optimistic
time, and pessimistic time. PERT determines the expected project duration of
the critical path activities, the variance of the activities on the critical path is
computed by the sum of the variances of the activities on the critical path [5].

When a PERT diagram is constructed it is possible and most often useful to
derive the critical path; this is the sequence of steps within a project that define
the minimal time-span of the project. In the critical path, the latest start, latest
finish, earliest start, and earliest finish times are derived. With these times the
float of each activity can be determined.
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3.4 Demand forecast

Uncertainties in organisations related to hypergrowth lead to uncertainties in
making the demand forecast. Different possible numerical methods are available
to make demand forecasting possible, deriving a budget for the upcoming plan
cycle and deriving inputs for the S&OP.

Demand volatility is a challenging risk to the supply chain, and threatens all
facets of the entire supply chain, resulting in extra costs for stock-outs, inven-
tory levels, and sub-optimal capacity utilisation. Volatility in demand is insur-
mountable in numerous organisations and markets, however making volatility
predictable results in the possibility of incorporating correct measures in the
supply chain reducing costs [11]. This is why setting the demand in the S&OP
process is crucial for the successful execution of the tactical planning.

Nahmias and Olsen [37] describe two different methods for demand forecast-
ing which are described shortly.

Moving average is a simple method for determining the forecast based on
previous data, making it possible to update on a chosen time frame. Due to
the desire for an forecast updating monthly the moving average method could
be a useful method, in updating monthly based on the most recent data. The
moving average method determines the forecast, based on the average of the
most recent data set this average literally ’moves’ with the new data. This
results in the following formula:

Ft = (
1

N
)

t−1∑
i=t−N

Di (1)

In which F is the forecasted amount, Di, the demand in past period i, and N
the number of periods over which the average is taken.

However, in situations of rapid growth, recent data are more representative
for the determination of the forecast than earlier data. Therefore the weighted
moving average method could be used. As the company is growing rapidly
the exponentially weighted moving average could be a fitting alternative for
calculating the forecast. This is also known as exponentially smoothing Nahmias
and Olsen [37] and Holt [24] describe the exponentially weighted average method
with the following formula:

Ft = α ∗Dt−1 + (1− α) ∗ Ft−1 (2)

When substituting Ft−1, with the formula including Dt−2, and repeating
this, this leads to an exponential decline in the assignment of weights. The
value of α can be determined by finding the minimal value for the mean squared
error, this calculation is relatively easy on small data sets, applying the formula
to already existing demands.
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3.5 Inventory management

Inventory management is the management and organisation of supply via cy-
cles of ordering, holding stock, selling, and reordering. This research focuses on
inventory management, starting with the holding costs, which is an important
determinant of the amounts of stock. The knowledge of holding costs is neces-
sary as this is widely used in inventory management models.[3]. According to
Schonberger and Knod [45] the cost structure is divided into three categories, ev-
ident costs, semi-evident costs, and hidden costs. Evident costs consist mainly of
the overall costs of the plant, insurance, labour, and maintenance. Semi-evident
costs are costs related to the risk of holding inventory. Examples of semi-evident
costs are obsolescence, product damages, and product depreciation. The third
pillar are the hidden cots, which are represented by inspection, re-manufacturing
and lost sales, these are all costs that blend in with other costs and are hard to
estimate. This results in the following common assumption: semi-evident costs
and hidden costs are considered linear to the capital invested. The estimation
of evident costs is relatively easy as this number should be available in adminis-
tration, and easily assignable to the costs of inventory. However, in a situation
of growth past data cannot always be seen as representative. As stated, the
estimation of semi-evident costs and hidden costs is harder as they are more
difficult to quantify, and more importantly it is difficult to assign which part
of the costs are the holding of inventory. Computing the semi-evident costs is
difficult and doing it precisely is most often not done. However, semi-evident
costs can be estimated by looking at the historical data of cost and computing
the percentage of the total value of products in stock. Due to growth, this data
could be imprecise as circumstances rapidly change. Generally, a percentage of
approximately 20 % of the total value of products could be seen as a plausible
percentage for the semi-evident cost[23].

Maintaining and administrating correct inventories, is very important in
any organisation, as having too much inventory leads to high holding costs, and
insufficient safety stocks lead to unsatisfied customers and dis-balanced produc-
tion flows[8]. However, as stated hypergrowth leads to uncertainties in demand,
which causes challenges in production planning and control [48]. When assessing
uncertainties safety stocks are most often the most realistic solution, to cover
possible stock-outs and fulfil customer demand at all times.

The customer order decoupling point (CODP) is the point in the point in
the supply chain at which the product is connected to a specific customer order.
The placement of the CODP distinguishes three different types of strategies to
connect sales with production; make-to-order, engineer-to-order and assemble-
to-order. Within the process, before the CODP the production process is make-
to-stock, based on demand forecasts. The supply chain after the CODP is
controlled through make-to-order. The CODP is an important stock point in
the value chain, which should be considered within a tactical planning process.
At the CODP tactical inventories are held, downstream of the CODP no or only
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limited inventories are held, as each order is specifically produced based on a
customer demand, which normally can be delivered almost immediately after
finalisation of production [41].

3.6 Rolling Forecast

A rolling forecast is a method of budgeting giving insights into the results and
cash flows of the company. A rolling forecast is set on a chosen time span, for
example, a period of 12-months, and is updated every chosen time period. It
gives an insight into the profit and the cash flow gains of the company for the
upcoming year. In a rolling forecast, each month the actuals of that month are
added with the known results, making the forecast more reliable and usable over
a longer time period. A rolling forecast gives insight into the working capital for
a certain time-span, giving the entire company more insights and combining the
expenses and gains of different departments giving every department an insight
into the progression of the company [34].

A rolling forecast focuses on a tactical planning horizon constructed for a
12- or 18-month time span. However, as the rolling forecast updates monthly or
quarterly each new time period an extra period is added resulting in the length
of the forecast being stable. The goal of the rolling forecast is to establish
dynamic and proactive decision-making [23].

3.7 Working capital

In a mature S&OP process finance should be incorporated as stated above.
This elevates the S&OP beyond a simple material-based supply and demand
principle and is focused on the competing forces of revenue attainment, cost
minimisation, and working capital efficiency[6]. Working capital emerges as the
major mid to short-term value driver in the supply chain. Net working capital
is defined as the difference between current assets and short-term debts [43].

3.8 Product and Process Innovation

A well-known element of the S&OP is the introduction of new products (NPI)
into the supply chain, focusing on the fulfilment, integration, and management
of the NPI, rather than the entire development cycle. S&OP can be helpful in
the faster integration of the NPI within the planning process enabling easier
plan cycles and involvement of correct supply and customer fulfilment [14].

According to Bagni et al. [4] six conceptual factors that impact the intro-
duction of new products and production processes within the S&OP cycle are
defined:

• The level of product innovativeness, impacts the predictability of demand
for the new product. Predicting demand for completely new products is
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harder, therefor when introducing new products more frequent alignments
should be performed than when a current product is innovated [27].

• The level of collaboration with suppliers, to which level can information
be shared with the supplier. This is dependent on the level of secrecy that
should be held with the supplier.

• The replenishment frequency, how fast is the company able to react to
new sales or supply information.

• The lead time replenishment cycle, items with long lead times need less
frequent forecast updates [31].

• The production restrictions that can be influenced negatively when intro-
ducing new products [33].

• The power of the company to influence demand. When focusing on these
factors and the company’s ability to influence them, implementation of
the NPI into the S&OP process becomes more smoothly and supports the
success of new products and processes.

Previous case studies have shown that organisational engagement and fre-
quent updates on sales and supply chain information lead to the reduction of
costs in the product introduction cycle. Frequent information updates regard-
ing these topics lead to increased communication effectiveness and reinforce the
alignment of members involved [52]. Looking at the innovativeness of a product,
the higher the level of innovativeness, the higher the benefits of integration are,
as products or processes that are more similar have demand that is easier to
predict [39]. Next, looking at the relationship of the company with its suppliers,
the better the relationship the higher the benefits of an established S&OP are.
An integrated process combined with excellent relationships with suppliers may
lead to lowering safety stocks, and better capacity definition of raw materials
along the supply chain [35]. Wide engagement involving the suppliers leads to
a better alignment of processes and following the common purpose [36]. As
mentioned above short and frequently updated replenishment cycles could lead
to increased efficiency of the NPI integration. However, when the product has
high lead times, shortening these cycles has limited impact, which could result
in a low impact of the generated S&OP [4].

Innovation leads to the continuously renewing of products and processes.
The timing of these new product and process introductions should also be
planned and should be integrated into the S&OP cycle of a company. Both
for when the sales should start, but more importantly timing when the produc-
tion should be started and what should be planned accordingly for example by
looking at the supply of materials. Multiple studies have emphasised the im-
portance of aligning the planning process with the introduction of new products
[51]. Also, new products are important in sales, market fulfilment is a critical

27



factor to gain market share and loyalty of customers [18]. Bagni et al. [4] Iden-
tified three key aspects, which a company needs to change to reduce additional
costs of new product market fulfilment during pilot projects:

• The supply should be evaluated making sure it fulfils the demand and the
other way around, this could be established with for example negotiation.

• To react to changes in demand quickly, there should be more updates
regarding demand than the current monthly S&OP cycle.

• The alignment of functional areas. All departments should know the ca-
pabilities of other departments and should operate accordingly. The main
decision variables in production introductions are timing decisions and
alignment decisions, giving extra constraints regarding the work environ-
ment and capacities of the company a model can be constructed, comput-
ing the optimal moment and quantities of the new product introduction
[9].

The planning of new products logically improves the results of products [27].
Looking at the S&OP cycle an extra cycle is recommended, introducing a spe-
cific forum with weekly meetings evaluating KPIs and specific questions, which
are triggering certain actions. The KPIs should be focused on the functional
plan of the NPI or NPPI and its performance [4]. Finally, the goal of the im-
plementation of NPI in the S&OP cycle is the reduction of costs.

When deciding on the introduction of innovation within an organisation,
the expected current value (ECV) can be considered. This gives the value of
a project or option in the present, adjusted by the risk [46]. ECV is most
often combined with a decision tree analysis, which is explained in the follow-
ing alinea. The first important determinant for computing the ECV is the net
present value of the product. The net present value has a couple of principles,
making it an appropriate measure for the determination of the present value
of successful innovation in the future [56]. The first principle is that a Euro
today is less valuable than the same Euro tomorrow, which is reflected in the
discount rate. The discount rate reflects the opportunity costs of the capital
mobilised; the discount rate is determined by looking at the real costs of the
capital, for small projects the cost of capital is usually assumed to be the same
as the costs of capital of the whole company, known as the weighted average
costs of capital (WACC). Secondly, the NPV takes into account all future cash
flows linked to the innovation. Simply summarised: the NPV considers all fu-
ture cash flows linked to innovation and discounts those to find the current value.

To determine the ECV the probabilities of success of an innovation are nec-
essary. Hauschildt et al. [22], define three different types: Technical, economical
also known as commercial success, and others. The focus is on technical and
commercial success, as denominational factors of the eventual success of an in-
novation, both for product and process innovation. The determination of these
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probabilities is based on the determinants of technological and commercial suc-
cess. To determine technological success, most often a project is divided into
multiple stages of which each could be successful. To determine the success,
success should be defined. Bizan [10] defines technical success as follows: an
R&D project is technically successful if the firm achieved the goals set at the
beginning of the project. Commercially successful is defined as; when a project
generates sales and is conducting positive profits [10].

3.9 Decision tree analysis

Decision tree analysis is a tool that can be used for decision-making, modelling
risk options responses, and optimising the selection and mitigation of risk [13].
Decision tree analysis is seen as a management risk review technique. In this
risk analysis two components are important; the risk probability and the risk
consequence. The risk probability indicates the chance of a risk happening,
while the consequence gives the outcome of the risk event [1]. This is followed
by the way of gathering risk information, which data is available and usable
and whether is there a need for quantitative or qualitative measures. Rostami
[44] defines two types of decision trees, a fault tree and an event tree. Fault
trees structure cause-and-effect relationships of failure, while event trees give
potential consequences.

3.10 Performance Measurement

In a tactical planning process, the final step described is the measurement of
the performance of the company’s key processes. Measurement of performance
is essential both for implementation of processes as well as continuous improve-
ment. Tuomikangas and Kaipia [52] define three types of performance; financial
performance, operational performance, and process performance. Financial per-
formance includes production and logistics costs, optimisation of profits, revenue
costs, and the creation of economic value. Examples of operational performance
measurements are order fill rate, delivery speed, delivery time, quality measures,
product mix flexibility measures, forecast accuracy, inventory and delivery capa-
bility. Process performance measures can be found in decision support, planning
efficiency, and learning effects. Examples of process metrics are Plan adherence,
lead time span, temperature, and pressure.

3.11 Enterprise Architecture Management

In our research, a framework is developed deriving a future state for the com-
pany’s planning process. This is done with the use of Enterprise Architecture
Management (EAM) method. EAM is a method of representing organisational
design and its guidance through evolution. In this construction, a differentiation
is made between the user application, the business process and the responsible
employee or department. On the top, the total S&OP process is present[30].
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Enterprise Architect management has emerged as a discipline to describe a
holistic view of an enterprise and to design and implement the desired future
state [32]. According to Lapalme et al. [32] the method has been successful
in a range of contexts, supporting the development of contextualised organisa-
tion structures. Research by Kreuter et al. [30] proposes EAM as a manner of
presenting and implementing a new S&OP framework.

4 Analysis of Key Processes

In the first 3 chapters of this thesis, we described the context of the investiga-
tion, formulated our problem statement, and conducted a literature study, to
create the theoretical framework for this thesis. In this chapter, all key problem
areas and processes are analysed, using existing data and models. Per process,
conclusions are withdrawn. All key conclusions by process are integrated in
an overall S&OP framework in Chapter 5, to create an effective control frame-
work for the company to execute tactical planning and address the key issues
described in the problem statement.

4.1 Rolling Forecast

In this section, we answer the first research question. In the rolling forecast,
a representation is made of all cash flows related to the computed components
of the tactical planning process also incorporating some forecast accuracy mea-
sures. Considered cash flows solely focused on components, related to the cal-
culated or analysed within the presented sub-questions. The generated inputs
are complemented with data involved in the integrated planning process.

The following inputs are considered in the forecast:

Type Derived from
Sales Sales budget.
Inventory management optimal safety stock calculations, MRP Excel.
Impact on working capital Calculations and annual report.
Forecast accuracy Calculations.
Stock accuracy Calculations.

Table 2: Input rolling forecast.

In the rolling forecast, all values are translated into cash flows, this is done
using price values from the company’s price list. Forecast accuracy is based
on the formulas presented in the following section, and stock accuracy is based
on the actual stock compared to the calculated recommended stock level. The
rolling forecast is constructed in such a manner that the possibility is enabled
to update forecasts to actuals after the month has passed.

30



4.1.1 Sales

We developed a model giving insight into the sales funnel of the company, the
accuracy of the forecasted amounts, and the methods of forecasting.

To derive the volatility of sales, we use the following formula [42], using the
forecasted sales per week as input:

σs =

√∑n
t=1(Dt −D)2

n− 1
(3)

σs : total standard deviation of the sales. e
Dt : Forecasted demand in period t. e
D: Average of (forecasted) demand from 01/2023 - 12/2023. e
n : Number of periods.

The data we use for this analysis are derived from the sales budget developed
by the company for 2023. This data set represents the upcoming expected sales,
anticipated on actual orders and expected demand. These data contain all sales
expected for 2023, with expected delivery dates. As these data are confidential
we only present deviations in percentages and figures.

4.1.2 Sales Forecast Performance

The evaluation of customer demand fulfilment, is an important measure, repre-
sentative for the delivery reliability of a company. The on-time in full (OTIF)
score is an important measure to evaluate the delivery reliability of the company
towards the customer. This formula computes the number of orders that were
delivered on-time, complete and without any defects. This formula starts with
the derivation of on-time in-full delivery of orders. On-time in-full is defined, as
the company delivering the complete order on or before the requested delivery
date by the customer.

on-time delivery:
OTSi = Td,i − Tr,i (4)

OTSi : On-time delivery score of order i.
Td,i : Delivery date of order i.
Tr,i : Requested delivery date of order i.

If the score of OTS is greater or equal to 0 a product is considered to be
delivered on-time. The number of items delivered on-time (OT ) is the number
of deliveries with an OTS, which is negative or equal to 0. With these data, ac-
cording to Bašić and Skender [7] the OTIF is modelled in the following manner:

OTIF = (
OT

St
) ∗ (St,f

St
) ∗ 100 (5)
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OTIF : on-time in-full delivery. %
OT : Number of orders delivered on-time. e
St: Total number of sales at time t. e
St,f : Total number of sales delivered in full at time t. e

Data for deriving the OTIF, is currently not reliable. As the ERP system
allows for changes, which are not tracked resulting in incorrect requested de-
livery dates in the system. On top of that for the future past data are not
representative due to the hypergrowth. Therefore the OTIF score cannot be
incorporated yet. In section 4.3, the importance of OTIF and how to integrate
it in the future is discussed. Our goal is to derive and integrate this performance
measure for the current planning cycle of the company. Integrating this is of
high importance as an evaluation measure into the cash flow forecasts, data
derivation should be possible from the ERP system and forecasts from the sales
budget.

For each period the forecast accuracy is derived separately, this is summoned
and divided by the total number of periods to derive the average forecast accu-
racy.

FA = (
1

n
)

n∑
t=1

(
Dt

Ft
∗ 100) (6)

FA : Forecast accuracy. %
Fi : Forecast in period t. e
Di : Actual demand in period t. e
n : Number of periods.

4.1.3 Future Sales Prediction

In the time span of our research, the company derived a sales budget for 2023. As
described earlier, the company has been aiming at opening this factory in 2024,
starting operations in the first quarter of 2024. This results in a huge increase
in capacity, and opportunities for the company. However, no exact forecasting
is derived yet. However, estimations are made based on the strategic goals of
the company. As the company has only existed since 2016, the availability of
data is very limited. However, our goal is to assess the tactical planning of the
company 12 months forward, and a prediction for sales in the first months of
2024 is derived. This is done solely based on data from 2023, incorporating
the situation of hypergrowth. This prediction is made using the exponential
smoothing method.

4.1.4 Production Processes

We start with an analysis of the main value-adding activities of the company.
This focuses on the production process, showing all the different steps and their
corresponding times.
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This is started with a PERT analysis of the production process, the PERT
diagram will help define the different steps in the production process and the
length of those. To create these diagrams the following steps are necessary:

1. Define project events and milestones.

2. Define tasks to go from event to event.

3. Define tasks, which are dependent on each other.

4. Establish a timeline and needed time for all tasks.

These inputs are constructed into a diagram representing all activities incorpo-
rated in the production process. The presented time in the diagrams are the
most likely times of activity, as actual lead times of products are not measured
within the company currently. In the diagrams dots are used for milestones and
time per task is presented in the arrows. The data for the diagram are derived
from company production step plans and observations in the factory.

Next, the placement of inventory within the supply chain is analysed. Look-
ing at the current situation of stock points, and comparing this with the out-
come of the PERT diagrams. However, in the current situation of growth, the
company does not have the possibility to change stock points at the moment.
Therefore the focus is on analysing the current stock points and improving their
inventory management.

Preceding the derivation of the diagrams, the utilisation rate, of the produc-
tion processes is determined. This is done to get some insights of the practical
performance of both production process steps. To achieve this the actual out-
put is compared with the planned output. The output are plotted into a graph,
in most situations, such a graph presents an S-curve. The graph shows, which
output and failure of products, coming from the process is expected, taking
into consideration both product and process failure. When the graph shows an
S-curve pattern it can be assumed that the output relies around a certain per-
centage. When the graph does not show an S-curve pattern it can be assumed
that the process is unpredictable. The following formula is used to determine
the percentages. Planned and actual output are derived from the used planning
tool of the company, this data is derived from April 2021 to March 2023.

Output on day x

P lanned number on day x
∗ 100 (7)

The following step is the derivation of the possible placement of a customer
order decoupling point. This is determined by comparing the time between the
order entry date, also known as the order cycle time, and the order delivery
date with the lead time of the process steps. A decoupling point is possible
when the lead time between two process steps is higher than the time between
order entry and requested delivery date, as coupling the order to the customer
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at that point will not lead to a too-late delivery. The order entry and requested
delivery date are retrieved from the company’s ERP system.

This analysis is done on the data of all orders currently in the Salesforce
system, representing all upcoming orders, expected orders, and delivered orders
for the year 2023. This gives a good representation of the time between the
order being first known by the company and the time an order is expected to
be delivered.

4.1.5 Inventory Management

We follow the answering of our first research question with a model for the
management of inventory, within the S&OP process. This focuses on finished
goods, intermediate products, and raw materials and is followed by an analysis
of the impact of safety stocks on the balance sheet.

4.1.6 Costs

The holding costs are modelled to get an insight into the total costs of holding
inventory. Holding costs are computed per item. There are three locations all
with different rental costs, and therefore different costs per square meter. As the
total number of locations is three, therefore a distinction will be made between
the costs of Locations 1, 2, and 3. Next per product the depreciation costs,
insurance costs, and obsolete risk are determined. As no past details and data
are available, these costs are based on insights from Henttu-Aho [23], and are
assumed to be 20 % of the product price, which are added on the holding costs.

Some assumptions are made due to necessary simplifications and processes
within the company:

• Costs are calculated per month.

• Semi-evident holding costs are considered linear to the product price.

• Transportation costs are not considered as transportation is done by ex-
ternal companies and costs are often for the customer.

To derive holding costs we constructed the following formula:

Chi =
Ri

na,i
+

Wc ∗ ne

na,i
+ 0, 20 ∗ pp (8)
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Chp,i : Holding costs of product put at location j. e
Ri : Costs location i. e
na,i : Number of product places.
Wc : Cost of logistics employees. e
ne : Number of employees.
pp : Price of product p. e

The data for computing the holding costs are derived, using the area plans
of all locations, financial inputs regarding prices of products, rental agreements,
and wages of internal logistics employees.

In the current situation, as described, the company has to change production
processes on different types of membranes on the spin lines, as multiple types of
membranes need to be produced and only 2 spin lines are available. This results
in changeover costs, which should be considered in computing the intermediate
stocks. The changeover costs are assumed to be the lost products and are
computed as follows:

Co = nd ∗ np,o ∗ pp (9)

Co: Change over costs, switching from one product to the other. e
nd : Number of days without production output.
np,o : Number of products output per day.
pp : Price of product p. e

The data inputs of these calculations are derived from the company’s plan-
ning data for the spin lines, giving planned and actual output, and giving insight
into how many days it takes for the system to start stable production again after
the changeover.

4.1.7 Model Safety Stock for Intermediate and Finished Goods

As described above, the market forecast is not always 100 % accurate and fully
in balance with production capacity. Therefore, safety stocks are considered on
a finished goods level.

The model starts with the calculations of safety stocks for finished goods,
the following assumptions need to be made:

• Demand and lead time are independent.

• Demand is distributed according to a normal distribution.
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• The lead time is not prone to variation and is a fixed number for every
product.

• At t=0 the measure initial inventory is used, which is a fixed number.

• The semi-evident holding costs are not considered in the optimisation
model, as they are linear to the number of products in stock, when the total
products in stock are minimised this amount should also be minimised.

• All inventories are considered per product, intermediate products, and
finished goods.

• Holding costs are considered per product.

• Production is operating at maximum capacity.

To calculate an improved inventory level we constructed a simple linear
programming tool is constructed using the solver function in Excel. Our model
is based on a model by Janssens and Ramaekers [26] combined with a formula
by King [28]. The goal of our model is to decrease the costs of inventory while
considering a certain coverage level of deviations, preventing stock-outs.

min
∑3

i=1

∑n
t=1 Chi ∗ invit (10)

s.t. invit = invit−1 +
∑n

t=1(xt)−
∑n

t=1(dt) ∀i, t (11)

invit ≥ Z ∗ σd ∗
√
LT ∀t (12)

invi0 = initinvi ∀i (13)

invit, invi0 ≤ maxinvi, xt, dt ≥ 0 (14)

Looking at our model and corresponding formula, the inventory equals the
sum of the inventory at t − 1, and the number of products produced during
period t, subtracting the demand during period t. However, to make sure the
inventories are prepared for deviations in demand, an extra constraint is in-
cluded, considering σd (standard deviation of demand) and the lead time. The
formula is derived from King [28] and helps to build a buffer against the high
deviations in the forecasted demand. The next step is to consider inventory
management for intermediate products. The intermediate product mix is less
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diversified than the final product. However, for the intermediate product, the
earlier described membrane production process, cannot produce all products at
the same time. This means that the production process is prone to changeover
costs and stocks should be higher to compensate for longer lead times and un-
certainties. There are 6 different types of intermediate products, influenced by
the changeover on the spin lines. Due to the volume growth, the number of
spin lines is prone to a lot of changes. Therefore the spin lines are modelled
as a variable number. Due to necessary simplifications, the model relies on the
following assumptions:

• 6 different types of intermediate products.

• Changeover costs are set, calculated by the average produced per day and
the average days of production lost.

• Machinery is operating at maximum capacity.

• For the dNF products, the changeover costs are 0, as switching does not
lead to losses.

• Resulting in only 4 out of 6 product types being prone to change over
costs.

With these assumptions, we derived the following model:

min
∑3

i=1

∑n
t=1 Chi ∗ invit +

∑n
t=1 Cot ∗ yt (15)

s.t. invit = invit−1 +
∑n

t=1(xt)−
∑n

t=1(dt) ∀i, t (16)

dt = Z ∗ σd ∗
√
LT ∀t (17)

invi0 = initinvi ∀i (18)

yt ∈ (0, 1) ∀t (19)

invit, invi0 ≤ maxinvi, xt, dt ≥ 0 (20)
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Definition of variables for both formulas:

Chi Cost of holding at location i e
invit : Inventory at location i at time t.
yt : Binary value.
xt : Number of products produced at time t.
dt : Average demand of products.
Z : Z-score for corresponding probability.
σd : Standard deviation of demand.
LT : Lead time.
initinvi : Initial inventory at location. i
maxinvi : maximum inventory capacity of location. i

Data for the calculation of safety stocks are derived using company-defined
inventory maximums, and current measured inventory levels, which are mea-
sured and presented in the current S&OP cycle of the company. The demand
is based on the sales budget derived for 2023. Historical data are not used as,
due to the hypergrowth, these data are not presentable for the future. Product
lead time is derived from the PERT diagrams and outputs of the sales analyses
are used for the determination of sales volatility. Altman score will be based on
the company’s desired coverage percentage.

4.1.8 Safety Stocks for Raw Materials

For the raw materials, the company already has defined the safety stocks, mean-
ing that for the tactical span of this research, no new stock levels are calculated.
However, the cash flows and the impact of the stock holdings on working capital
and financial forecasts are in the scope of this research and therefore incorpo-
rated. Therefore raw materials are analysed. However, computing all cash flows
and impact on the S&OP process is currently inconvenient due to the fact that
data gathering is time-consuming.

4.1.9 Investments

As described in section 1.2, the company has recently done a very big invest-
ment. This results in the limited availability of cash flows for new investments.
Investing is an ongoing process as the company is experiencing hypergrowth.
Examples of this are the hiring of new employees and machinery for the new
factory. However, no big investments influencing the S&OP directly are planned
for the up-coming 12-months. Therefore investments are not included in our re-
search.

4.1.10 Working Capital

The following step in the derivation of the rolling forecast process is the de-
termination of the impact on working capital. In this research working capital
is defined as the difference between current assets and current liabilities. The
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impact on working capital is analysed as part of the S&OP process. For this
research, this includes sales, inventory, work in progress and investments. This
is done as all those components have a impact on the availability of liquidity
and working capital.

To calculate this the data is necessary from the previous steps, followed by
data of the cash flows, assets and liabilities starting at 31 December of 2022.
This can be derived from the company’s annual report.

In literature working capital is defined as follows [32]:

working capital = current assets− current liabilities (21)

= Accounts receivable+ Inventory −Accounts payable (22)

As we only integrate the impact of the S&OP process and corresponding
cash flows on the working capital. In our research, the following cash flows are
taken into account in determining the impact on working capital:

• Current assets: WIP and Stock assets.

• Current liabilities: Holding costs

All cash flows are considered for finished goods, intermediate products, and raw
materials.

The working capital forecast process is finalised with a recommendation
regarding the incorporation of the working capital in the S&OP process.

4.1.11 Sales Analyses

The sales budget is analysed deriving average weekly sales, and standard devia-
tion for a time-span of 12 months. However, as stated earlier data is confidential,
therefore these numbers are translated into percentages. These percentages are
plotted in the graph in Figure 5.

The graph shows high deviations in demand per week, from 100 % less out-
put than average to 300 % of the average output. This means that the demand
is highly volatile and differs significantly over the weeks. This makes it hard to
properly predict incoming orders. According to the expected sales budget, the
sales are expected to equal approximately 18-22 million for 2023. Looking at
the revenue for 2022, which equaled approximately 8 million. Using an expo-
nential smoothing principle, derived from literature for calculating the forecasts
for 2024. This led to a total number of sales of almost 63 million. Deriving the
OTIF is not possible currently, due to missing data on expected delivery dates,
in the system, the company could be helped by integrating these measures in the

39



process. Data are available for 2022, however imprecise and because of the high
growth and changes within the company irrelevant. This is further explained in
section 4.3.

Figure 5: Deviation of weekly sales in percentages.

For 2023, a sales budget is derived on which the forecasts are based, which be
presented due to the confidentiality of the data. However, during our research
no forecasts were derived for 2024. With the exponential smoothing method
in Excel based on past data, a sales forecast is made for 2024. Exact formulas
and calculations cannot be presented due to confidentiality of the input data.
These forecasted values are included to establish the 12 month time span in the
forecasts presenting the tactical planning. Resulting in the following numbers
for the first six months of 2024:

Month 2024 Forecast sales
January e-
February e-
March e-
April e-
May e-
June e-

Table 3: Forecast Sales 2024.

Due to confidentiality numbers of these forecasts are not shown in this ver-
sion of the report. This forecast is purely focused on demand inputs and growth
expectations in revenue. Not incorporating the extra capacities of the factory.
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Therefore, numbers are probably differentiating a lot for 2024.

Next, our rolling forecast derives the forecast accuracy per month. The
accuracy is calculated when the actuals of a month are available. As our research
started in January, months are incorporated since January 2023. Averaging
forecast accuracies of the past couple of months leads to a relatively low forecast
accuracy it clearly shows that in the first couple of months of 2023, deviations
of sales from forecast were quite high. This is even more underlined, by the
derivation of the mean absolute percentage error, which is as high as 364 %.
The high deviations in sales and forecasts were expected due to the growth
and current size of the company. However, the company could use inputs of
forecast accuracy measures to make demand more predictable and prepare for
deviations in the future. The high deviations are noted by the company and in
a new budget file, this file has the set up of 4-8, meaning it holds 4 months of
actuals and new forecasts for the next 8 months of 2024.

4.1.12 Process Analysis

Our analysis of the production processes starts with the construction of PERT
diagrams. As earlier described the production process consists of two main
pillars; membrane and module production. As the membrane production is
a supplier for module production and module production is not able to start
without available membranes a distinction, between the two processes is made
in the derivation of the diagrams. This is also supported by the fact that the
production processes take place at two different locations. On top of that sepa-
rate diagrams are constructed for the dNF production and MF/UF production
within membrane production. The production of the different types of mem-
branes can take place parallel, as they take place on separate machines and
have no dependencies. For module production, production tasks are similar for
each type of product. Due to confidentiality, we present all times of tasks in
the percentage of the total lead time. As some tasks take place sequentially the
total of all percentages is more than 100 %. Total time can be found by taking
the longest activity of two sequential tasks.

This results in the following PERT diagrams for membrane production, pre-
sented in Figures 6 and 7:
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Figure 6: Membrane production dNF.

Figure 7: Membrane production UF/MF.

As shown for all types of membrane production the tasks and milestones are
the same only the duration differs:

1. MRP membrane planning.

2. Recipe.

3. Materials.

4. Membrane straw.

5. Bundle.

6. Finished good.

7. Approved/disapproved good.

The diagram describes the process of the MRP membrane planning, from
which a recipe and a list of materials are derived. With these materials, the spin-
ning of the membrane straw is done resulting in numerous membranes. These
membranes are bundled and presented as finished goods, followed by a test re-
sulting in a disapproved or approval of the product. The approved products
continue their flow to the second process, module production.
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The duration between each milestone is given on the arrows in percentages
of the total time. Looking at the entire process flow, the most time-consuming
task is testing, which takes place between Milestone 6 and Milestone 7. For
dNF also the development of materials takes a long period of time, taking place
between Milestones 1 and 2, this results in slack for activity from Milestone 1
to 3, which is supplying the correct raw materials. The main difference between
the dNF and MF/UF production is the activity from Milestone 1 to 3.

Next a diagram for module production is presented, in Figure 8:

Figure 8: Module production.

Which consists of the following Milestones:

1. MRP module planning.

2. Stored membranes and other materials.

3. Kitted.

4. Coated.

5. Poured.

6. After-treatment.

7. Approved/disapproved.

This process describes the input of the MRP module planning, giving the num-
ber of needed membranes and other materials. After that the products are
combined and kitted, followed by a coating, pouring after treatment, and fi-
nalised with a test resulting in approved or disapproved products. Also, in this
process, the most time-consuming step is the testing phase.

The overall process and cohesion between the two separate processes is pre-
sented in Figure 9.
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Figure 9: stock points

The figure describes the value network of the company, with the two pro-
cesses as main value-adding activities. At the moment the company holds stocks
at three locations, raw materials, intermediate products and finished goods. To
determine possible placement of the CODP within the value chain of the com-
pany’s production process, the three points presented as orange rectangles were
considered. The lead times are derived, resulting in a maximal lead time of
approximately 12 days for membrane (dNF), 6 days membrane (UF/MF) pro-
duction, and 12 days for module production.

Next, a graph, comparing actual outputs with the planned output in per-
centages is derived for the membrane production this is shown in Figure 10. In
this graph, the planning of the membrane production is analysed. This is done
over a relatively long period of time starting from April 2021 till February 2023.
The graph shows the deviation in production comparing actual with planned on
the horizontal axis and the percentage of orders on the vertical axis. In the near
past, the focus was on realising less disapproved products within the process. It
can be noted that the graph does not show an S-Curve pattern, which could be
expected in the situation of a controlled process. The variety and the pattern
in the graph clearly indicate that the membrane process at NX Filtration is not
controlled completely in terms of predicted output. The process is unpredictable
regarding the number of products in output. This process is part of the action
membrane which is presented in Figure 9.
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Figure 10: S-Curve membrane production.

Considering the weekly production reports the company presents, in which
the performance of the module department is evaluated. The report shows the
number of modules realised compared to the number of modules planned per
week. Due to confidentiality, we cannot present this graph in the report. Inter-
preting these reports, it can be concluded that in 2023 only minor deviations
seen. Comparing these deviations with the deviations at membrane production,
deviations are way smaller. Since 2023, the company managed to stabilise this
process, making outputs way more predictable. This is also the expected trend
for the upcoming period, as the company is striving for higher stability in its
processes. Based on this knowledge we assume a stable enough production pat-
tern, producing outputs as expected.

The next step is the analysis of the time between order intake and expected
delivery date and the time between the first contact moment and potential or-
der introduced within the system and the delivery date. Calculations result in
an average of 45 days and 382 days respectively. Hereafter the percentages of
on-time delivery were calculated if a decoupling point was placed at the inter-
mediate product stock point. Resulting in a percentage of 99,9 % in case the
date that an order was introduced into the system was used, and 97,1 % if the
order intake date was taken into account. Placement of a decoupling point at
the intermediate products, a very high percentage of products will still be deliv-
ered on-time. However, to make this is achieved it is assumed that the company
can produce every type of module at every moment in time. Currently, this is
hard to achieve, due to limited capacities. However, with the hyper growth and
building of the new factory, the company enables new capabilities and capaci-
ties in the near future. As earlier described and shown in Figure 9, the process
becomes unpredictable going further upstream and therefore placing a CODP
further upstream, becomes much more risky. On top of that, the process of
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spinning and bundling within the membrane process results in bulk production
making a CODP inconvenient.

Looking at the best placement of safety stock points, these are the raw
materials (RM), approved membrane bundles (IP), and approved modules (FG).
This is in line with what the company is doing currently. In Figure 9, a diagram
is presented, showing these stock points.

4.1.13 Holding costs

For this thesis, we calculated the holding costs to give an insight in the costs
of holding one product. To simplify calculations the costs of holding are based
on the costs of holding at the new warehouse. Taken into consideration that
the company stocks most finished and intermediate products at two different
locations. However, costs at each location are similar and therefore this as-
sumption does not impact drastically. The numbers to calculate holding costs
are confidential and can therefore not be included in our report. Calculations
of the costs leads to the following output of average costs for a module and a
membrane per month respectively; are e27.49 and e2.71.

The calculation of holding costs is done according to the formula, leading to
e27,- holding per module and almost ten times less for a bundle. While looking
at previous production planning files of the company a changeover at spin line
1 leads to a 2- to 3-day production loss. Given the fact that a week has 168
production hours, producing 7 days a week, 24 hours a day. This leads to an
average production loss of 60 production hours in which in an optimal situation
178 bundles could be produced. This results in an average of 30 modules lost
in production (assumption of an average of 6 bundles per module). Looking
at the revenue for one module this means that changeover should be avoided
as much as possible until the new factory will allow for continuous production
and fewer changeovers. On Spin Line 2 the costs of changeover are neglectable
as there is only a small difference and the real spinning process does not differ
significantly, resulting in low to no changeover costs.

4.1.14 Recommended Safety Stocks

For the calculation of safety stocks, we assumed the following input numbers:

• A percentage of 95 % is used, making sure the company has a service level
of 95 % for both finished goods and intermediate products.

• A Z-score of 1.645.

• Production capacity is operating at its maximum, with no disapproval.

• Only the most frequently sold items are considered as other items, the
company already has a year long supply available.
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• Lead time for module is 12 days, and lead time for membrane production
of dNF is also 12 days, derived from the production process analyses.

As shown in the sales analysis, the deviations in demand are significant. This
resulted in high demand volatility. In parallel the company wants to achieve
a high service level and avoid stock outs. Due to the high standard deviation,
choosing a coverage percentage of 99 % leads to a high increase in costs. The
maximum production capacity is higher than the average demand, so solely fo-
cusing on averages no extra safety stocks are necessary and production should
be able to coop with incoming streams of orders. Therefore a coverage percent-
age of 95 % is used in this research.

These assumptions were incorporated into our presented linear program-
ming model and integrated into Excel. A screenshot of this model is given in
Appendix B.

The numbers of the recommended stock levels, for both module (finished
good) and bundle (intermediate product) are incorporated in figures in Power
BI. The numbers are presented below in Figure 11 and Figure 12.

Figure 11: Recommended Stock Lev-
els Bundle.

Figure 12: Recommended Stock level
Module.

The figures show the number for the 9 different types of bundles used by the
company and 14 different types of modules the company sells. This is quite a
high number, because for every small differentiation between products a differ-
ent name and therefore type is used in our calculations. Due to confidentiality,
the names of the different bundle and module types are not presented in the
figures. Total numbers lead to a recommended level of 13,594 bundles and 1878
modules. This leads to total stock asset values of approximately e- and e-
respectively. Due to confidentiality, we cannot present the numbers.
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In the current situation with the capacity of only 2 spin lines, production
is only possible half of the time, therefore the safety stocks should be doubled
at one stock point after the spin production process (membrane production) to
cover shortages, looking at the proposed placement of a CODP the most op-
timal option is doubling the membrane bundle stock. For the other spin line,
the company is currently holding stocks for the entire year, reducing changeover
as four types of bundles are produced on one spin line, this is the easiest way
currently as stock positions are compared to changeover costs relatively cheap,
as the changeover results in a 2- to 3-day production loss. Therefore the cur-
rent method of holding a year of projected demand in stock we assume to be
the best choice for the current situation in the calculations of total values the
recommended stock levels by the company are incorporated and no new values
were computed.

In our rolling forecast, a stock accuracy measure is incorporated. This mea-
sure compares actual stock levels, with the recommended stock levels. In our
model, the comparison is done with our recommended stock levels, which are all
lower or equal to the levels that the company uses. Again accuracy is computed
starting from January 2023. Interestingly, all accuracy levels are below 100 %,
averaging 80 %. Meaning actual stocks equal 80 % of the recommended stock.
This is notable as in the current planning the company uses their own set stock
levels, which are higher.

Inventory management also revolves around the management of inflow of raw
materials, and supplier relationships. The company currently, uses as described
in section 1.2 an Excel system calculating stock levels and re-order levels. This
Excel file has a rolling window. Needed materials are derived from the S&OP
planning. Recently, recommended stock levels were determined for the most im-
portant materials, and are worked on for the remaining materials. Additionally,
to reduce the risk of suppliers not being able to deliver, the company is working
on a multi-sourcing tactic. This tactic involves the possibility of multiple sup-
pliers for products with high risk and importance for the company. To improve
the relationship with suppliers and be able to deliver them expected purchases
for a longer period of time. This results in faster delivery and suppliers holding
stock for the company, we recommend focusing on the forecast accuracy of the
planning and corresponding need for materials. Having an improved forecast
accuracy leads to better prediction of purchases, and improving relationships
with suppliers. This is discussed more thoroughly in section 4.3.

4.1.15 Impact on Working Capital

To derive the impact of the S&OP processes on working capital all involved
current assets and liabilities need to be calculated. As our model operates as
a rolling forecast, expected cash flows regarding these are also incorporated.
In the previous section, the derivation of holding costs and assets of stock are
already presented. The work in progress (WIP) is not explained yet. In this
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research, we calculate WIP, by taking the difference the between needed stocks
of two preceding months and adding the average sales. This results in a value,
that is necessary to produce necessary products to achieve recommended stock
and meet sales on average at the end of each month.

In Power BI, we constructed some figures for the assets and liabilities, these
are presented in Figure 13 and 14:

Figure 13: Current Assets. Figure 14: Current Liabilities.

Subtracting current assets and current liabilities leads to an average of e-
taking into account recommended stock levels and the average sales per month.
This is a positive number representing the impact the S&OP process has on the
working capital of the company. Due to confidentiality the number cannot be
presented

4.1.16 Conclusion

In summary, we found that the company has high deviations in their forecasted
sales. Looking at the forecasts and actuals for the first 6 months of 2023 signifi-
cant deviations are shown and forecast accuracy was low. Next with an analysis
of the production process, we found that placement of a CODP should be pos-
sible between membrane and module production. Calculations of the holding
cost and recommended stock levels result in lower stock levels than the company
uses currently. However, looking at stock accuracy the company did not meet
these recommended stock levels in the first months of 2023. Investments for the
upcoming period of 12 months are discussed. However, no real big investments
were found, therefore investments were not incorporated into our model. It is
noted that due to the growth, investments are an ongoing integrated process
and smaller investments are done frequently within the company. We combined
all cash flow in a rolling forecast model, of which a screenshot is presented in
Appendix C, due to confidentiality and the semi-annual numbers not being pub-
lished yet, some numbers are covered. In this model, numbers marked orange
are actuals, and percentages of accuracy are given a green or red colour de-
pending on performance. All other numbers which are forecasts are presented
in white.
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In the current S&OP process, the company does not incorporate cash flows.
We recommend presenting cash flows during the S&OP process. By incorpo-
rating calculated cash flows and accuracy measures the company can show how
well they reach set goals, regarding stocks and sales and what cash flows should
be created with the forecasted amounts.

4.2 Product and Process Innovation

To integrate the product and process innovation into the tactical planning hori-
zon of the company, the impact of the innovation is assessed based on all pillars
involved in the integrated planning process. This concerns demand forecasts,
production capacity, and supplier capacity, complemented with an assessment
of the return of investment. This starts with the construction of a decision tree
analysing each decision variable involved in the incorporation of decision-making
regarding innovation.

We assume that before an innovation is assessed according to decision tree
that there is a technological necessity for the innovation, also we assume that
there is enough demand available, and a product is only developed if a demand
incentive is available. This assumption mainly focuses on product innovation.

Literature describes two types of decision trees: a fault tree and an event
tree, Our research uses the event tree, analysing events and the potential conse-
quences of the events, as this fits bests in assessing innovation for NX Filtration.
The following steps are taken to define the nodes in the tree.

1. Define the problem area for which the decision tree is necessary.

2. Draw a decision tree with all possible consequences.

3. Define the input variables with probabilities.

4. Determine and allocate payoffs for each possible outcome.

5. Calculate the expected monetary value, to determine profit per note.

With these inputs a decision tree is constructed, presenting all scenarios
regarding the introduction of new product innovations. In the decision tree
the net present value is calculated as the payoff allocation for each scenario,
which is used to calculate to compute the expected value of investments in the
following step. The net present value is chosen as it takes into account that a
euro tomorrows is less valuable than a euro today and considers all cash flows
coming from the innovation. In NPV merit of innovation is measured as the
contribution to the creation of economic value out of the investment[56]. This
is done using the following formula by for example Gallo [17]:

NPV =

n∑
i=0

NCFt

(1 + r)t
(23)
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r : Discount rate.
t : Time periods.
NCFt : Expected net positive cash flow generated by innovation in period t. e

In this formula, the discount rate is considered equal to the company-wide
weighted average costs of capital (WACC). This is done as the company cur-
rently does not have a calculated WACC available. To compute the WACC in
general the following formula can be used [15]:

WACC =
E

E +D
∗RE +

D

D + E
∗RD(1− T ) (24)

With variables defined as follows:

E : Market value of Equity. e
D : Market value of Debt. e
RE : Required rate of return on Equity. e
RD : Cost of Debt. e
T : Applicable Tax Rate.

We used a WACC based on the literature on determining WACC for compa-
nies in similar sectors and business environments. According to Žižlavskỳ [56]
a typical discount rate for corporate projects ranges from 10 to 15 %, and for
high-tech start-ups risk is between 25 and 30 %. Company-wide numbers from
PWC show that the average WACC in the industrial goods sector is between
7.6 to 9.5 %. Taking into account that the company is growing rapidly and is
still in the early stages of development. A relatively high WACC is assumed,
but not as high as in high-tech start-ups, because the company has outgrown
the start-up phase and has proven technology, to deliver a functional product
with high future demand prospects. Also, considering the fact that the com-
pany was listed quite recently and is not making any profit yet, and is therefore
operating almost 100 % out of their own equity. Looking at the formula this
should this is also an aspect of a high WACC. Therefore the upper limit of the
typical corporate discount rate is taken. Meaning that we use for this a WACC
of 15%. To determine the incoming cash flows of a new product, forecasts on
sales are necessary, as the project limits itself to a time span of 12 months, and
cash flows have to be considered for a period of 12 months. To determine the
outgoing cash flows of a new product, costs of change in lead time, stock levels
of existing products, change in BOM and the replacement of existing products
are considered. The research revolves around a time span of 12 months, and the
company reviews demand on a monthly basis. We assume a total of 12 periods
of 1 month in the computation of the NPV .

The total value of the innovations is determined using the expected current
value. This formula combines the probabilities of success the costs and the
value of the innovations and corresponding investments, considering the choice
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of launch and development. It also incorporates the costs of development and
commercialisation in the value [29].

ECV = ((NPV ∗ pCS − Cc) ∗ pTS − Cd (25)

NPV : Net present value e
pCS : Probability of commercial success.
pTS : Probability of technical success.
Cc : Costs of commercialisation. e
Cd : Costs of development. e

To determine these values, an estimation of the probability of commercial
and technical success of each innovation should be made. The determination
of the probabilities will be based on the different outputs of the stage gate model.

For this research an, innovation is seen as technically successful when the
company has the technical capabilities to design and produce the product. The
probability of technical success is based on the probabilities of the failure and
risk assessment, part of the Stage Gate model, described in the current state.
More particular it is part of Stage 2; conceptualisation of the stage gate model.
During this phase, a failure modes and effects analysis (FMEA) of the innovation
is made. An overview of this FMEA is given in Appendix D, from this FMEA
the risk priority number (RPN) is taken. The RPN consists of three components,
occurrence, severity, and detectability; each ranked from 1 to 10 and multiplied
by each other to get the final score. This is given for each possible mode of
failure in the FMEA. Resulting in a maximal RPN score of maximal 1000. By
averaging all RPN scores, and translating this into a probability this results in
the following formula:

pTS =
RPN

103
(26)

Success of commercialisation is harder to determine, as the company has few
data or frameworks to determine this.

For this research we use a definition from Frattini et al. [16] for commer-
cialisation of innovation: A set of decisions and activities that are necessary to
present a new product to its target market and start to generate income from
its sale.

Probability of success of commercialisation can be determined in the first
stage of the described Stage Gate model. In the Stage Gate model this is defined
as the market and competitor review, resulting in the commercial possibilities
of the product. Currently the company does not do an extensive market and
competitor review yet. Therefore in our research, we make a proposal for the
determination of commercialisation. We propose that during the early stages
of the Stage Gate process, where the company is focusing on the market and
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competitor review. A short analysis is done by ranking the innovation in certain
dimensions. We suggest to do this according to the following dimensions based
on literature from Frattini et al. [16]:

• Timing: Timing of the launch and timing of the announcement.

• Targeting: Responsiveness of the customers to the company’s offering.

• Positioning: Particular position for the innovation, concerning competitors
and substitute innovations.

• Distribution: Channel of distribution and critical functions of distribution.

• Pricing: Pricing tactics.

• Communication: Type of channels for communication and type of mes-
sage.

• Whole product configuration: Set of complementary products and services
incorporated.

• Partnership and alliances: Availability of external necessary partners and
type of agreements with partners.

For each innovation, a ranking from 1-5 is given for each dimension. These
rankings are based on each particular innovation where a 1 is the worst-case sce-
nario and a 5 the best-case scenario. In the ranking of all dimensions the ranking
is based on the position of the company towards the market and competitors
of the innovation are considered. The rankings are averaged to determine the
total probability of success for the innovation.

Determination of costs can also be derived from the outputs of the Stage Gate
model. However, in the early stages, only an overall budget is derived . This
budget does not separate development and commercialisation costs. Therefore
a definition making it possible to separate both type of costs is proposed:

• Costs of development: All costs involved in the research and development
of the innovation, before starting production.

• Costs of commercialisation: All costs involved in bringing the product to
the market, including marketing and launching.

Looking at process innovation a similar model can be applied. Therefore,
the Stage Gate model used by the company is used for both products and pro-
cess innovation, making the inputs available for both product and processes.
The main difference in the calculation of a new production process, is the lack
of commercialisation. Looking at product process innovation solely, products
and product prices should not be changed meaning that costs and probability
of commercialisation are not incorporated.
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The final step in answering this research question is the derivation of the
integration of the decisions regarding NPI in the tactical planning process. With
the use of the framework, a suggestion of is given for the incorporation of the
NPI in the current process.

4.2.1 Product and Process Decision Making Framework

As described in the current situation the company recently introduced the Stage-
Gate model. This model consists of multiple stages in Appendix E the Stage-
Gate process is presented. Reviewing costs, budget, and market prospects is
part of the business case. However, impact calculations for supply, production,
and demand on the overall business processes are not incorporated. As the
company is innovating its products and processes constantly, the impact of in-
novation should be integrated into the planning process. To do so a model is
constructed, with as goal a better alignment between the Stage-Gate model and
S&OP process.

First, a decision tree is created, the problem area is the introduction of inno-
vation within the tactical planning process of the company. This leads to certain
decisions that should be taken regarding the introduction of new products and
processes. These decisions are summarised in the decision tree in Figure 15.
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Figure 15: Decision tree introduction of innovation.
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In Table 4 a description of all presented Scenarios in the decision tree is
given.

Scenario Outcome
Scenario 1 No introduction of innovation.
Scenario 2 Innovation becomes new additional product or process.
Scenario 3 Complete replacement of existing product.
Scenario 4 Replace after stock out of existing product.

Table 4: Scenario description.

Looking at the decision nodes incorporated in the decision tree, the possible
decisions the company is facing regarding the introduction of innovation and
the impact on the planning process are presented. In the current Stage-Gate
model, which the company is using to assist in the execution of projects these
decisions are not incorporated. The incorporation of the decision three could
assist the company in making decisions regarding the correct way of introducing
the innovations. Followed by an incorporation of the impact of those on the
planning process. The decision moments are:

• The consideration of whether or not to introduce the innovation.

• The decision between replacement of an existing product or process, or
introduction of a new product or process. This is not applicable in all
situations as some products do not have the option to replace an existing
product. In this case, the NPV of replacement is 0 and the decision of
replacement is always No.

• The decision regarding the sale of stock of existing products, if applicable
is considered.

For each outcome node presented as a Scenario, the NPV can be determined
this is done according to the formulas presented earlier. There are five factors,
directly influencing the decisions and therefore the calculations of the NPV of
each Scenario. These five factors are all directly related to the current tactical
planning process, the S&OP, influencing the inputs and resulting in changes.
These five factors and their definitions for this research are formulated as follows:

1. The impact of the innovation on the lead time of current production pro-
cesses, which is defined as the impact on lead time.

2. The losses resulting from high stock development or high stocks of existing
products the impact on stock.

3. The impact of innovation on the complexity of the BOM impact on
supply.

4. The impact of innovation on demand of existing and new products, result-
ing in incoming cash flows impact on demand.
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5. The influence of innovation on the replacement of existing products the
products need to be replaced every few years, the system is build around
the existing products and innovations do not always fit, impact on re-
placement cycle.

To determine an NPV an estimate of the WACC is necessary, which is used
as the discount rate in the determination. Company wide the WACC is not
determined yet, as stated in the methods [56]. As stated earlier the WACC for
NX Filtration is set at 15 %.

The determination of the cash flows per month is presented in Table 5.

Determination of NCF.
Scenario 1 0
Scenario 2 Dt ∗ (pin − cin)−DI
Scenario 3 Dt ∗ (pin − cin)−OI − SI −RI −DI
Scenario 4 Dt ∗ (pin − cin)−OI −RI −DI

Table 5: Cash Flow determination per Scenario.

With variables defined as follows:

Dt : Demand at time t.
pin : Price of innovation.
cin : Costs of innovation.
OI : Cost of impact operations (BOM and lead time).
SI : Cost of impact on stocks.
RI : Cost of impact on the replacement cycle.
DI : Costs of impact on demand on existing products.

We used the following assumptions, to establish a model that computes the
outputs for the scenarios with simple input variables making it possible to derive
decisions early on in the process. The assumptions are based on available data,
desired outputs, and scope of the research:

• Cost of impact on operations, consists of costs of impact on BOM and
costs of impact on lead time.

• Lead time growth of 1 day leads to a shrinkage of approximately 4 % of
the total output.

• The value of the stock of remaining products is determined by multiplying
the number of products by the value of the product.

• Time between replacement of the product is 4 years, every system needs
replacement after 4 years.
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• A decisions regarding the fit of the existing products need to be made
early on in the process, to determine if the innovation fits within existing
systems, or if a new system is necessary for the innovation. To determine
the impact on replacement.

• The change in the BOM is determined by subtracting the costs of the old
BOM from the new BOM.

• The innovation agenda is used as a guideline for the start of production
and the start of sale of the product.

All these variables are combined into a model in Excel, assuring the deriva-
tion of the different NPV of the different Scenarios. This is presented in Ap-
pendix F.

The formula determines the cash flows of the different Scenarios. Looking
at the expected profit, by multiplying the expected demand with price by costs.
But also looking at the impact the innovation has on the other components of
the S&OP cycle. With these cash flows the NPV can be determined according
to the formula presented in the methods. In the formulas, the five different
types of impact are incorporated. Where the impact of demand is presented in
the overall demand and the impact on supply and the impact on lead time are
combined in the operational impact.

The determination of the NPV leads to a value for each Scenario. The Sce-
nario with the highest value results in the highest profit for the company. All
these variables and formulas are combined into a model in Excel, assuring the
derivation of the different NPV of the different Scenarios. In the model data
is not incorporated, as this is confidential, giving all scenario outputs the value
0. However, the main goal of the model is to give the company a method to
generate different Scenarios inputs for the S&OP derived from data available in
the Stage-Gate model.

With the NPV, the determination of the ECV is possible, the determination
of the ECV is done using a second decision three. This decision three uses the
first decision tree as input, which is shown in the first decision note, if a nega-
tive NPV is calculated in early stages development does not take place. This is
summarised in a decision tree in Figure 16.
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Figure 16: Decision tree ECV.

The model for Scenario derivation of NPV is extended, with the extra vari-
ables. Presented earlier. This model is given in Appendix G, again data is not
incorporated resulting in all values being 0.

We derived a framework that should help the company to integrate the im-
pact of its innovations within its tactical planning process. Looking at the
existing mode of innovation management the company uses to guide their in-
novations, the Stage-Gate model. In Stage 1 of this model a business case is
derived, part of this business case is the derivation of a market and competitor
review. With this review, a rough estimation of the impact on demand and
sales of the new product can be derived. This main input and the given deci-
sions trees the company can make a fast review of the best decisions regarding
innovations in the early stages of development. This makes it possible for the
company to decide on the mode of implementation of their innovations: Replac-
ing an existing product or process, introducing a completely new innovation,
or not introducing the innovation at all in the early stages of the innovation
process. Using these calculations as Scenario calculations in the monthly S&OP
meeting makes it possible to see the expected impact of their innovations in
early stages. This is of high importance, when looking at the tactical time span,
as innovation is an ongoing process impacting the entire supply chain.
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In Stage 5 of the Stage-Gate model, the implementation phase. More de-
tailed data regarding forecasted sales of the innovation should be available. This
leads to the possibility of more precise Scenario calculations regarding the in-
novation and makes it easier to incorporate the innovations in the planning.
In this stage it is possible to incorporate precise Scenario calculations in the
S&OP, giving insights into the changes in the sales and operational process of
the company. In this part of the Stage-Gate model, the innovation can also be
incorporated short-term planning and should be assessed during weekly opera-
tional meetings. In this stage the innovation is taken into operation and is part
of the supply chain.

The company uses an innovation agenda to show the progression of the in-
novations, presenting, which stage they are in. From this agenda, an estimation
can be derived regarding when an innovation is sold and marketed. To man-
age this properly, the agenda should be updated frequently and data should be
correct, also indications should be made of when an innovation is transferring
from stage to stage early on in the project. Managing the agenda properly is
important in, incorporating innovation, without a proper agenda, innovations
are incorporated incorrectly in the planning process. Currently, the manage-
ment of this agenda is not done properly, this is mainly due to the fact that the
model was introduced recently and integration is still being worked on. When
actual implementation of innovation is approaching, the company has more data
is available regarding demand prices and other variables of impact. However, in
early stages such as the business case data is not managed properly, making it
hard to find, interpret and integrate the data into the system. To achieve better
alignment, improved data management is necessary.

4.2.2 Conclusion

The integration of innovation in the S&OP is necessary to achieve a higher level
of maturity in the process. The main goal of the introduction of the framework
is the implement the outputs of the Stage-Gate model in the S&OP process.
The first step in achieving using the correct data and updating regularly, can
only be achieved by incorporating the technology department (R&D) into the
S&OP process. On top of this, as mentioned earlier data management should be
improved, focusing on the outputs of the Stage-Gate model. The decision output
of the presented framework influences different aspects of the S&OP directly.
After the determination of a decision using the decision tree, the calculated
impacts should be integrated and used in capacity and demand planning. An
introduction of innovation impacts the following aspects:

• Bill of Materials.

• Production capacity.

• Demand.
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• Costs.

Next KPIs regarding innovation should be incorporated to achieve higher levels
of maturity in the planning process, this is presented in the next section. Perfor-
mance measures regarding innovation help in determining when to incorporate
the innovation in the process and help monitor the NPI and NPPI pipeline,
making sure the company is not surprised by the sudden demand for new prod-
ucts and changes in operations.

With the inclusion of the decision framework, the company should be able
to foresee the impact of innovation on production and sales and integrate this
into the planning on a tactical time-span. This makes it possible to easily run
scenarios regarding innovation, and incorporate outputs in the S&OP cycle.
This enables the possibility to incorporate innovation in the planning smoothly
and take decisions to manage impact.

4.3 Performance Measurement

Our third step is a recommendation for performance measurement. The S&OP,
which is described as the current mode of tactical integrated planning within
the company is incomplete and ineffective without a proper performance mea-
surement cycle. In literature, we found that the final cycle of the S&OP process
should involve performance measurement and evaluation to make sure the com-
pany follows the constructed plan and meets the company’s production, capac-
ity, and demand goals. To investigate the best measures for the company, we
first generate an insight in the current performance measurement of the com-
pany. In section 1.2, we describe the companies performance metrics shortly.
To derive the current standings of performance measurement, open interviews
and conversations with all employees directly involved within the S&OP cycle
are held.

The current situation of the performance is conducted using open interviews
and conversations with all employees directly involved within the S&OP cycle.
This results in a report, describing the means of measurement and evaluation
applied at NX Filtration.

After the analysis of the current performance measurement and evaluation
techniques, we construct a framework of KPIs complementing the current S&OP
process. The framework is based on a proposed improved S&OP structure from
literature integrating performance measures at each step in the process. On top
of that, we propose overall performance measures, evaluating the effectiveness
and efficiency of the overall business processes as a result of the S&OP integra-
tion.

In the current situation of the company, data availability is lagging resulting
in difficulties in setting up performance measurement, evaluation, and integra-
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tion. As time in this research is limited, and data are simply not available
to actually integrate all performance measures in the process, we propose the
necessary data-gathering methods to integrate and implement the measures.

4.3.1 Proposed Performance Measurement Cycle

First, we present an overview of the company’s current standings regarding per-
formance measurement. As mentioned in the current situation the current ERP
system that the company uses is Exact Online. This is a relatively simple ERP
system, operating in an online environment. Currently, this system is not able
to meet all desired capabilities and data requirements for performance measure-
ment within the company. For example, looking at the overall delivery dates,
the current system does not record the originally requested delivery dates. The
company is currently compensating for this lack of functionality with authority
schedules within the system. These schedules assure that not every employee
can change delivery dates, making the data more precise. However, currently,
it is not possible to save historical data in the system, this results in measure-
ments regarding the on-time delivery performance of the company not being
completely reliable looking at original agreements, as some of the dates are
changed. This is applicable both to the supply as the delivery of goods. The
analysis can only be done on data, which might be adjusted, and not on original
data which results in biased outcomes. This is the case for a lot of processes inte-
grated in the ERP system making updated KPI cycles hard to achieve and align.

The company does integrate the monitoring of different aspects of its perfor-
mance in the current S&OP process. This is done in weekly (sales and produc-
tion), monthly (finance), or yearly (budgets) meetings, with the use of Power
BI dashboards and other measurement tools. However, the alignment of per-
formance and evaluation is not done regularly, or integrated in any system or
process. The main evaluation of performance in the company currently focuses
on sales, finance, and production. As the company is growing rapidly, and data
are not stored and analysed thoroughly also due to the immaturity of the ERP
system, some basic measures are not done. On top of that due to the growth
and current ramp-up of production, some measurements are not representative
of the actual performance of the company.

Regarding the sales performance, a weekly evaluation gives insight into the
performance of the company-wide sales, focusing on finance. This involves the
comparison of the sales budget with the actual sales, the growth of the sales
funnel and the backlog items. Looking at the financial performance a monthly
overview is made, focusing on revenue, gross margin, change in inventory, oper-
ating expenditures (OPEX), and earnings before interest, tax, depreciation and
amortisation (EBITDA). These measures are all evaluated on a year-to-date
(YTD), and month-to-date (MTD) basis and evaluated during monthly review
meetings. The final main pillar of performance measurement is regarding the
production of the company, is done in weekly reports, for both membrane and
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module production. The main focus is on the number and value of the produced
goods, the number of disapproved goods, and the number of products realised
compared to the number of products planned.

The goal is to integrate a performance cycle into the S&OP process of the
company. As known from the literature a mature S&OP should incorporate a
form of performance measurement presentation and an evaluation of the progress
regarding the set goals [54]. The main performance measure presented should
evaluate performance according to the pillars of the process. From the literature
the three measurable pillars of the S&OP process are demand forecasts, supply
and production [52].

Looking at the in literature presented stage definition framework of S&OP
by Grimson and Pyke [20] the company is currently operating in Stage 2 on
most facets. This is the reactive stage in this stage the only type of measure-
ment is the adherence of operations and the sales plan. However, looking at the
company’s current S&OP even a clear reflection of how well operation meets
sales is missing. To mature in Stage 2 a clear representation should be given, of
the production capacity in comparison to the sales should be presented. This
could be done with for example the measurement of service level. For the com-
pany to mature further, the incorporation of forecast accuracy, measurement of
product and process innovation, and profitability is necessary. In this section,
an overview is given of where to incorporate, which measures within the S&OP
cycle.

Baker [6], suggest an order of implementation of the by Grimson and Pyke
[20] and Danese et al. [12], presented performance measures necessary in the
S&OP cycle.

1. Introduction of demand forecast accuracy.

2. Introduction of service level measures.

3. Introduce materials planning measures.

4. Introduce customer-related measures.

5. Introduce a measure of plan adherence.

6. Introduce new product innovation measures.

Performance measures can be divided into two types: effectiveness measures
and efficiency measures. Effectiveness measures asses how well the customer
meets customer demand, while efficiency measure, resource utilisation. The
importance of these two measures depends on the product-line strategy of the
company. Effectiveness measures are most important for a company that com-
petes on innovations and efficiency is most important for a company competing
on costs [37]. As the company is competing mainly on their innovation, we focus
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on the introduction of effectiveness performance measures. The effectiveness of
the S&OP process impacts the overall business effectiveness and efficiency as an
effective S&OP process should result in the improvement of both effectiveness
and efficiency. The efficiency reflects, how well the S&OP process itself is man-
aged [25].

In the theoretical framework, the five steps in a S&OP process are presented[54].
With the help of an existing framework [25], added literature, and insights within
the company a framework is constructed suggesting types of performance mea-
surement for each step in S&OP process. This framework is constructed with
the assumption that for future S&OP construction, the company uses the five
steps from Wallace and Stahl [54], as main process for the S&OP. The frame-
work is presented in Figure 17.

This framework suggests performance measurement at the end of each step
of the process, repeating itself monthly. The measurements should be evaluated
and used as inputs for each step, resulting in a smooth process, finalised on
time. This should result in reviewing, updating, and evaluating the inputs and
outputs of the S&OP. Based on the outputs of the S&OP and set threshold by
the company, inputs should be incorporated, evaluated and updated resulting
in improvement. On top of the proposed measures for each step in the process,
the measurement of the overall impact of the integration of the S&OP process
in the company is also important. Looking at overall performance and the effect
of the S&OP on business processes, the company could introduce measures re-
garding the return on investments, and the level of customer requirements met
[38].

As discussed in section 1.2, the company organises weekly meetings, named
SIOP meetings. During these meetings, the planning is discussed in the short-
term. To integrate these meetings into the S&OP cycle of the company we
advise, using them as performance evaluation meetings. During these meetings,
the performance of the company is evaluated with all involved departments and
corresponding employees. This will help to make sure that all presented mea-
sures are integrated, evaluated, and therefore actually used in the cycle.

Assuming the five steps by Wallace and Stahl [54], and order of implemen-
tation by Baker [6], and maturity model by Grimson and Pyke [20] and Danese
et al. [12]. An order of introduction and a set of performance measures can
be introduced in the company. In the order determination, the quality of data
measures is not presented. However, based on the five steps [54] it is proposed
that the data quality should be assessed before starting the introduction of new
performance measures, as low quality data leads to imprecise performance mea-
sures. The framework in Figure 17, presented on page 67, shows where the
company should introduce the measures and into which moment of the S&OP
cycle the measures should be presented and evaluated. Next, an order of inte-
gration of the measures is presented below[12], this order is not coherent with
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the cycle but is based on the level of importantness, regarding the maturity
framework by [20]:

1. Forecast measures (Forecasts):Forecast accuracy; comparing forecasted
revenue on sales, with actual sales. The possible introduction of mean
absolute percentage error (MAPE) on forecasts. Forecasts on demand for
product innovation.

2. Inventory measures (Capacity adherence): Costs of carrying inventory,
weeks of inventory on hand, backorder rate and accuracy of actual inven-
tory compared with the recommended inventory levels (Inventory Accu-
racy).

3. Service level measures (Trade of measures) : Percentage of customers
who do not experience stock-outs, fill rate, on-time in full (OTIF) delivery
towards the customer.

4. Order cycle time (Trade of measures): Average time between order
placement and order delivery.

5. Capacity and capability adherence (Capacity adherence): Capacity
utilisation rate, overall equipment effectiveness (OEE).

6. Supplier performance(Capacity adherence): confirmed line item per-
formance (CLIP), order fulfilment of the suppliers towards the company.

7. Financial adherence (Planning adherence): the adherence of financial
plan and actuals, for revenue, costs and working capital.

8. Innovation (Forecast and Capacity adherence): Percentage of sales from
new product introductions, NPI and NPPI in Stage 5 (implementation)
of Stage-Gate model.

To enhance and integrate the S&OP process in a circular way all measures
should be integrated eventually. All presented measures are coupled to one of
the 5 categories from Figure 17 However, integrating them in the presented or-
der will result in a smooth integration, focusing on the most important measures
at the beginning. The introduction of the measures can follow each other up
quickly and can happen simultaneously.

In Appendix H an overview is given of the presented measures. If necessary
the needed formula, needed data and where the company can derive the data
from is given. To integrate the measures in the S&OP cycle of the company data
should be available, stored and managed properly. All data can be gathered in
Power BI, presenting updates on the progression according to the cycle. Giving
access to involved employees to present their performance and whether they
meet up to the cycle and other departments. The goal of this is to achieve
improved alignment between departments and coherence of the S&OP cycle
within the company.
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4.3.2 Conclusion

Our proposed performance measurement framework will result in a higher level
of maturity according to the model by Grimson and Pyke [20] and Danese et al.
[12]. All performance measures can be combined in a dashboard, and presented
during S&OP meetings. During the final executive meeting, the focus should be
on presenting the trade of measures and planning adherence. All other measures
should be incorporated during the evaluation of the other involved steps. These
measures should be evaluated to enhance performance. Looking at the proposed
framework at each step the measures should be presented and evaluated, so
they can be used as input for the following step. Combining the proposed
measures, framework and focus on the integration of the step-wise approach of
the S&OP process, leads to a more fluent and efficient S&OP process, at which
performance can be evaluated and integration exists in all layers of the company
and departments function according to planning, evaluation and measurement
of the S&OP.
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Figure 17: Framework performance measurement S&OP process.
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5 Future S&OP Process Framework

In this chapter we combine all results into a control framework, integrating all
elements and outputs of the previous chapter. The goal is to present a total
structure for the future state of the tactical planning process, which addresses
all the key elements from the problem statement of this investigation. This is
done using the theoretical framework described; enterprise architecture man-
agement (EAM) method. Kreuter et al. [30] developed a five-step model, which
uses the EAM as a method to systematically guide the development and imple-
mentation of a contextualised S&OP framework. An EAM approach consists
of two functions a descriptive and a prescriptive function [19]. The descriptive
function provides an overview of the organisational design, capturing layers and
elements of the enterprise. This enables the design and analysis of the current
organisational situation. The prescriptive functions focus on the development
and implementation of the desired organisational design [50].

We focus mainly on the descriptive function and the first step of the pre-
scriptive function as implementation of the framework is outside the scope of
this investigation.

To provide a proper step-wise model focusing on S&OP, five steps are nec-
essary. These steps are defined as follows:

1. Analysing the company context.

2. Analysing the initial S&OP design and identifying the context-specific
challenges.

3. Developing the adjusted S&OP design.

4. Planning and conducting the implementation of the adjusted S&OP de-
sign.

5. Evaluating the implementation results concerning the S&OP effectiveness.

In our research steps 1,2 and 3 are executed. Steps 4 and 5 are the next steps
the company should take.

In section 1.2, we researched the context of the company thoroughly. We
derive an overview of the current S&OP into a framework, modeling the cur-
rent state. This framework is adjusted presenting a proposal for an improved
overview of the S&OP. In this new framework, all our research outputs are inte-
grated into a control structure. For both structures four layers are presented, the
overall S&OP process presented on top, and three layers explaining information
flows in the main process: Responsible person/department, business processes,
and application.
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5.1 Current S&OP structure

In Figure 18 we present a model with the current flows of information regarding
the S&OP process of the company. The overall process consists of the four in
section 1.2 described steps: Sales budget, MRP module, MRP bundle, and de-
tailed S&OP. The projection mainly elaborates on the preparation phase (MRP
Module and MRP Bundle) of the S&OP, as our findings and generated outputs
are mainly integrated into this step. Figure 18 shows that data are retrieved
from the ERP system and Excel files, which are combined in the S&OP ’Master
file’. Only one scenario is run, based on the Sales budget and corresponding
Sales forecast plan, focusing on growth. In this scenario, the review and im-
pact of sales on production and procurement are established. These inputs are
combined in the S&OP slides, which are distributed in preparation for the final
S&OP meeting. The overall process in the current situation consists of the sales
budget of which the MRP is derived for modules and bundles, which is trans-
lated into a plan. A defined pre-S&OP meeting is missing and only one scenario
derived from the budget is run. The missing of the pre-S&OP meeting results
in the need for discussion of multiple outputs, impacts, and decisions during the
final S&OP meeting. This results in a meeting, where multiple decisions and
scenarios still need discussion, and final decisions can not always be made, based
on facts and prepared inputs, this results in a time-consuming process. In the
current situation the sales budget, and therefore the derived MRPs are derived
for a 12-month, time span. In the figure, the discussed SIOP meeting, which
is held weekly is not incorporated, as this is not directly part of the S&OP cycle.
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Figure 18: Current situation S&OP.
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5.2 Proposed Future S&OP Structure

Based on our findings in this research we developed a new framework, presented
in Figure 19. The new framework starts with the overall S&OP cycle, which
we made based on the literature presented structure by Wallace and Stahl [54],
consisting of the five main steps: Data gathering, Demand planning, Capacity
planning, Pre S&OP meeting, and Executive S&OP meeting. Looking at the
time span of the cycle, the S&OP process should be operated on a monthly
basis, which is already done in the current S&OP process. In this monthly cy-
cle, a week-rhythm is proposed where the 5 steps are executed in a structured
and logical sequence. The first step ’gathering of data’ should be done in the
first week, these data are outputs from the previous S&OP, new information
regarding customer orders, and output of the performance evaluation. With
these data, by the end of Week 2, an evaluated demand planning should be con-
structed. This demand planning is based on the established budget at the start
of the year. However, the demand planning should be updated and evaluated
to the proposed performance measures, new backlog, and hotlisted items. Next,
by the end of week three capacity planning should be generated. Currently,
capacities are clearly defined, in this step a more precise estimation of current
process performance is taken into account, based on an improved estimation of
the capacity compared with capability, giving utilisation rates. Next, the pre-
S&OP meeting is held, which is discussed more thoroughly in the next alinea.

Within the preparation phase, a clear distinction is made between the actual
preparation and the pre-S&OP meeting. During the preparation, the provided
demand and capacity planning, by sales and operations are translated into an
output file containing: Production capacity, supply capacity, product demand,
and current inventory levels. These inputs are used to construct the MRP for
raw materials, intermediate goods, and finished products. With these inputs
and the MRP file multiple scenarios regarding the S&OP are generated, which
can be combined in the Master file. Scenarios give the following output: impact
of innovation, corresponding cash flows, future inventory, and impact on the
supply chain. For the future inventory recommended stocks should be consid-
ered. These scenarios are presented in the pre-S&OP meeting in which the best
scenario, with corresponding bottlenecks, actions, and performance evaluation
results in a S&OP plan, this distributed and used as input for the final exec-
utive meeting. In this executive meeting board members and the supply chain
manager attend to approve or disapprove the proposed S&OP plan.

During the preparation phase, it is important to integrate multiple scenar-
ios. In these scenarios the impact of NPI and NPPI we suggest to asses this
in the scenarios, according to the proposed decision framework in section 4.2,
generating different scenarios. Also, cash flows, part of the presented rolling
forecast from section 4.1 should be integrated into the scenarios. This should
be implemented in the S&OP output, presenting expected cash flows concerning
the S&OP process. For the pre-S&OP meeting, we propose that this meeting
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is held incorporating representatives from all the figure presented departments,
including finance and R&D, which are currently not directly involved. They
can evaluate and assess the impact of cash flows and innovation. The output
of this pre-S&OP meeting is given in bottlenecks and corresponding actions of
the scenarios, whereas bottlenecks are the hurdles and the actions are possible
solutions. Also, the outputs for KPIs regarding this step are derived as pro-
posed in section 4.3, with the KPI framework, we suggest focusing on alignment
and cross-functionality. These outputs are combined in the S&OP PowerPoint,
which is distributed to all employees attending the executive meeting.

In our framework, we also propose the continuous evaluation and measure-
ment of performance. This is the final output of the overall S&OP process and
is integrated into all steps. Using this in each step and repeating this constantly,
each month results in a circular S&OP process with a closed loop, incorporated
in each layer and time step.

The framework gives an overall representation, of how we think the S&OP
process should be structured to improve the planning process, addressing the key
issues from the problem statement. The framework combines the three main pil-
lars we asses in this research: The incorporation of cash flows, new product and
process innovation, and performance measurement and evaluation. These pillars
are presented as part of the pre-S&OP meeting and result in the incorporation
of key departments, which are currently not part of the cycle. The framework
also proposes a circular structure with a closed-loop principle making sure data
from previous S&OP cycles are used, to improve each month. All steps are part
of the monthly cycle, resulting in a final executive S&OP meeting. We think
that with the integration of this framework the alignment between departments
involved in the S&OP will improve and overall performance can be tracked bet-
ter. On top of that by introducing a proper pre-S&OP meeting the final and
clear data gathering, demand-, and capacity-planning is organized more profes-
sionally involving all relevant departments. The final executive meeting is more
structured and makes it possible to just focus on the approval of the S&OP
plan and no need for discussion on all aspects as this is already evaluated in the
pre-meeting. By incorporating more departments in the pre-meeting, fewer em-
ployees need to be attending the final meeting, enabling faster decision-making,
based on all inputs.

Our proposed structure is a monthly cycle, each week within the cycle has its
own deliverables, goals, and corresponding performance measures. Currently,
the company is hosting weekly meetings, which are named SIOP meetings. In
these meetings shorter terms, sales, operations, and inventories are discussed,
and the ability of the company to meet set goals. To enhance these SIOP meet-
ings within the proposed framework, we suggest using them as weekly perfor-
mance meetings. The output of the final S&OP executive meeting is a proposed
plan for the upcoming 12 months to make sure sales, inventory, and production
goals are met, updated at the end of each month. These involve performance
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measures and corresponding requirement levels. We suggest using the current
so-called SIOP meetings to align the tactical plan in the S&OP, with an opera-
tional time span of the SIOP, and make sure the goals are met and aligned on
a weekly basis, looking only forward for a short period of time.

In summary, the integration of our framework should lead to a more struc-
tured S&OP process. With the incorporation of an extensive pre-S&OP, incor-
porating the following departments: Finance, Sales, Production, Procurement,
and R&D. This leads to a better alignment of departments, improving the in-
tegration of the S&OP in the company. With the inputs from the pre-S&OP,
the final executive S&OP meeting can focus on approving or disapproving pro-
posed scenarios with corresponding bottlenecks and actions. This results in
clear decision-making and outputs at the end of the process. Finally the inte-
gration of performance measures at each step and using them as inputs for the
next monthly results into a circular process, with continuous evaluation. Our
Framework will improve the realisation of the strategic goals of the company
and help manage the risks on a tactical time span in a controlled way. On top of
that the framework should lead to a more efficient process and helps in choosing
improved scenarios, not solely focusing on growth but also on optimisation of
sale, operations, and alignment between the two.
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Figure 19: Proposal Future state S&OP process.
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6 Discussion

6.1 Contribution

We designed a framework improving tactical planning in order to set the right
priorities. In this research, we focus on the coming 12 months and the goal
is to reduce risk and uncertainties for the company. The essence of the new
integrated process design is addressed in Figure 20. This figure presents the
new structure of the planning process incorporating all aspects assessing risk
and uncertainties discussed and analysed in this report.

Figure 20: Proposal Future state S&OP process.
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To develop our framework, first, the current situation of the company re-
garding its tactical planning process was examined. This is all summarised in
Figure 18. From literature by Wallace and Stahl [54], we found an overall S&OP
structure, involving five different steps resulting in an integrated S&OP. This
structure is used as the base for the development of our new structure. The
five steps are Data gathering, demand planning, capacity planning, pre-S&OP
meeting, and the final executive S&OP meeting. The goal of this structure is
the improvement of the current S&OP process fundamentally on the following
themes, missing in the current setup:

1. Current setup is not cross-functional and lacks structured involvement of
different departments.

2. Current setup has no clear representation of impact on cash flows.

3. Current setup does not include the impact of decisions regarding innova-
tion.

4. Current setup has no closed loop between forecast, and realisation, mea-
sured through KPIs and a performance management system.

5. Current setup has no structured scenario planning and selection process.

We discuss the following key elements of the tactical planning structure:

• High deviations in the sales budget and forecast accuracy.

• CODP placement, optimal stock levels, and the impact on corresponding
cash flows.

• Involvement of product and process innovation in the planning cycle.

• Incorporation of a performance management system connected to the tac-
tical planning process.

Looking at the sales and demand planning of the company, the current sit-
uation presents high monthly deviations and relatively low forecast accuracy.
Looking at the future growth prospects sales are expected to be subject to
changes and therefore hard to predict. Therefore, the incorporation of forecast
accuracy and delivery performance is necessary to build a closed loop in the
demand planning process and improve forecasts enabling smooth stable growth.

The company’s production process is divided into two different steps, mem-
brane, and module production, which are operated at two different locations.
Both production processes are executed sequentially, with stable lead times,
meaning that a decrease in individual process steps will result in an overall
lead time reduction. However, analysing the realised output of the factory
with planned output, significant differences are visible. Especially the output
of membrane production has proven to be unpredictable. Looking at the order
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cycle time; the time between order entry and order delivery and comparing this
with the production lead time, a customer order decoupling point is advised
between membrane and module production. Through this decoupling point,
the instability in the output of the membrane department is compensated, en-
abling stable delivery performance to the customer. Currently, this is hard to
achieve, due to uncertainties and the fast pace of change. However, the company
is building a new factory in which, we propose to incorporate a decoupling point.

We analysed the cash impact related to stocks as part of improving the plan-
ning process, an estimate is made of the costs of holding stocks. This analysis
resulted in holding costs for both membrane and module production, of €2,71,-
and €27,45,- respectively. Comparing this with the changeover costs, it can be
concluded that holding costs are relatively low, and therefore changing produc-
tion lines should be avoided as much as possible. In the new factory, which the
company is building, more spin lines are available. This creates the possibility
to operate in more product-specific set-ups limiting changeover and therefore
reducing changeover costs. Based on holding costs and changeover costs opti-
mal inventory levels are determined using a linear programming method. The
outputs focus on a 95 % coverage percentage, avoiding stock-outs 95% of the
time. Cash flows related to inventory management, are included in a rolling
forecast, and figures.

We propose a rolling forecast, incorporating most cash flows related to the
company’s S&OP. With the knowledge of our recommended stock levels and
actual stocks for the past months, the number of products that need to be pro-
duced during that month can be calculated. We presented this as the needed
WIP. Next, we computed the impact of the S&OP variables on the working
capital. This is done by combining all current assets and liabilities, combined
presented as the impact on working capital. Finally, some forecast accuracy
measures are included, for stock and sales. For sales, these numbers clearly
show that in the first months of 2023, the accuracy was low, as expected devia-
tions in sales were very high and the low accuracy shows that at the moment it
is still hard to predict sales. Looking at the stock accuracy an interesting thing
occurs, the stock accuracy compares our calculated recommended stock levels in
this report with the actual stock levels, for the past months. Even though our
recommend stock levels are lower than the recommended stock levels that the
company currently uses the actual stock accuracy is not reaching 100 % in any
month. Meaning that at the end of each month, the stock levels were always
lower than the recommended levels. Finally, the mean absolute percentage error
of the forecasts is given, this clearly shows that for the first couple of months,
forecast accuracy was very low.

The next element we designed and proposed in the new planning structure,
is the incorporation of innovation and the impact on the planning process, this
is done using a decision framework. This framework is based on the impact of
five variables, impacted by the introduction of innovation. The five variables

77



are:

• Impact on lead time.

• Impact on stock.

• Impact on supply and BOM.

• Impact on demand.

• Impact on the replacement cycle.

With the inclusion of these impact variables, we suggest a decision tree anal-
ysis in which, with basic data regarding innovation the expected current value
can be derived to make a decision regarding the best mode of integration of
the innovation. The framework suggests a method using net present value, for
evaluating multiple scenarios regarding these impacts. This is followed by a
method for calculating the expected current value of the innovation. Recently
the company introduced the Stage-Gate model to guide innovation throughout
the organisation. Our framework makes it possible to derive decisions regard-
ing innovation based on the outputs of the Stage-Gate model. To integrate
our decision framework into the S&OP cycle of the company we suggest using
multiple scenarios, during the pre-S&OP stage and assessing the impact of the
innovations. This is presented in Figure 20, as the impact NPI/NPPI.

In the following step, we present a proposal for performance measurement,
to assess the risks and uncertainties in the planning process. Performance mea-
surement should be done regarding multiple factors, to enable a more effective
planning system. The suggested performance measurement framework, which
we based on the five steps from the literature by Wallace and Stahl [54], suggests
performance measures at the end of each step, which are used as input for the
following step. This is followed by a list of overall performance measures at the
end of the process, that should be incorporated to establish an ongoing cycle
each month. With these performance measures the S&OP process becomes cir-
cular, using monthly performance outputs as inputs for the next month and so
on.

Uncertainties are possible to predict however, future decisions and devel-
opment have high unpredictability. Especially looking at the situation of the
company, experiencing hypergrowth and expanding operationally with the new
factory. Building buffers, and protection against the risk of growth or high fluc-
tuations in demand results in less risk focusing on customer order fulfilment,
however, this leads to high costs for the company and impacts the balance sheet
negatively. Therefore, our framework presents a structure for the future S&OP
process of the company. This framework focuses on the integration of the S&OP
as a monthly repeated process looking 12 months forward with a structured un-
derlying weekly cycle in five steps. Our framework integrates three missing
pillars; cash flows, innovation, and performance measurement. We recommend
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the introduction of a pre-S&OP meeting and the inclusion of calculations re-
garding multiple scenarios. Looking at the key problem statements in this re-
search we focus on cash flows, the introduction of innovation, and the evaluation
using performance measures. This can only be accomplished by incorporating,
departments in the preparation phase of the S&OP that are currently not struc-
turally included: R&D and Finance. During the final executive S&OP meeting,
only a limited number of employees can be included, approving or disapproving
decisions from the pre-S&OP. In the situation of hypergrowth, structuring the
tactical planning is essential to realise the strategic goals set by the company,
our framework is an essential step in managing the related risk in a controlled
way.

6.2 Impact

In literature, five stages of maturity regarding the S&OP process are given by
Grimson and Pyke [20]. Looking at the current situation the company is at
Stage 2 of this maturity model. Our model can support reaching a higher level
of maturity within this model, as our framework uses pillars derived from the
maturity model. Improving the S&OP process leads to a higher maturity of
the company’s business processes, which is necessary to achieve the structured
growth of the company.

Our proposed S&OP framework makes it possible to integrate the S&OP
with more business processes and departments. In the current situation not all
departments are involved, and therefore do not operate coherently. Our new
structure suggests the structured inclusion of more departments, starting as
early as the data-gathering phase. The structure helps with integrating more
scenarios making it possible for the company to operate an improved scenario
compared to the current situation. Our recommended incorporation of the de-
cision framework regarding innovation and the incorporation of R&D into the
process leads to better alignment of innovation in the process. This results in
the company is prepared for innovation and improvement in decision-making
regarding the incorporation of innovation in the S&OP. Followed by the incor-
poration of finance, integrating cash flows shows the impact of the planning on
cash, and for example, the working capital of the company. Making it possible
to align finance, with sales and operations more efficiently. On top of that, the
new structure leads to the establishment of a cyclical S&OP. This cycle leads
to a higher level of integration, performance monitoring, and improvement of
processes in the company.

In the entire process, we propose involving more employees and departments
in a structured way, helping to establish scenarios, impact assessments, and
defining actions on addressed bottlenecks. Out of these scenarios and impact
assessments, a choice can be made for the best scenario in the final executive
meeting, focusing on decision-making based on prepared scenarios, which are
outputs of the pre-S&OP meeting. The involvement of multiple departments
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should in general lead to a better alignment of departments and processes within
the company.

Finally, the integration of performance measurement and evaluation makes
it possible to improve at each step in the overall S&OP process. Evaluating
and measuring performance at the end of each step leads to the improvement of
inputs for the following step. This improves the accuracy of inputs and enables
to possibility of updating and reviewing data during the process. The evalua-
tion and presentation of performance measures during the final executive S&OP
meeting, and at the end of the process using this as input for the next month
leads to a circular S&OP process, improving the planning process each month.
Incorporating measures and evaluating them, also supports the growth process
and makes it possible to tackle bottlenecks early on.

We created a tactical planning framework, using different relevant elements
from existing literature. As this research is done in a very rare situation of
hypergrowth, this created specific demands on the study and created some new
insights and outcomes, which are not always presented in the existing literature.
Our findings add the following new elements to the literature:

1. Structuring tactical planning in a situation of hypergrowth.

2. Connecting S&OP with inventory management, CODP placement, and
cash flows.

3. Connecting the Stage-Gate model, for innovation management with the
S&OP cycle.

Our research is performed in a company that currently experiences hyper-
growth, based on a technological competitive advantage. This situation is un-
common, demanding a different approach regarding the tactical planning pro-
cess. We addressed this through the incorporation of sales forecast learning
loops, which are input to the S&OP process. Also, the incorporation of a circu-
lar performance measurement cycle should result in better alignment of planning
and growth, and more agile decision-making when and where necessary.

Literature suggests multiple strategies for managing inventory and its costs
[3]. In our research this is linked to tactical planning adding customer order
decoupling points, determination of improved stock levels, and corresponding
cash flows. In this way, our research developed a more advanced solution to
inventory management on the tactical time span but also connects planning to
the cash projection of the company.

Existing literature offers multiple solutions for including product and process
innovation into a S&OP process [4]. In most cases, existing methods come down
to involving best guess impacts of new products and processes. We developed a
model connecting existing innovation management with tactical planning. This
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adds a more accurate and more agile method of incorporating NPIs and NPPIs
into the tactical planning process than the current literature does.

Overall it can be concluded that with our proposed new structure, the tac-
tical planning of the company can be matured significantly, increasing the like-
lihood of meeting the strategic goals. Our structure, recommendations, and
elements derived from literature are key elements of the success of this approach.

6.3 Limitations

Looking at the limitations of this research, the main issues revolve around the
lack of data. Due to the current situation of hypergrowth and the fact that
the company has only been operational since 2016, there is a limited amount
of historical data available. On top of that, the data available are measured
imprecisely or are hard to derive from the system. Due to the immaturity of
some processes, relevant data are scattered around the company and are hard
to integrate into the S&OP process. The current IT landscape of the company
is very limited, only supporting one level in the product structure, with limited
functionality, and has no advanced data retrieval options. Due to the current
status of the ERP system and information-sharing modes, it is impossible to
reach higher levels of maturity regarding the S&OP, within the current IT land-
scape. Currently, the company is planning on professionalising its IT landscape,
which should result in better availability of data.

Looking at the Stage-Gate model of the company used to guide innovation,
data are not always available resulting in limitations or even missing steps in
some stages. This Stage-Gate model is an important input for the derivation
of decisions regarding innovation. The lack of data results in the fact that our
research cannot present an application of the decision tree framework entirely.
However, the company is working on professionalisation at the moment, and
more and more data will become available and can be tracked in the near fu-
ture. Therefore the integration is expected to be possible in the near future. A
lack of data could lead to the need for adjustment in the framework, as cash
flows, the impact of innovation, and scenarios are harder to predict. Next to
that the lack of data results in the necessity of assumptions in multiple areas of
the research, necessary to derive models. However, this may lead to minor mis-
takes and therefore, potentially lead to sub-optimal solutions in implementation.

Calculations of stocks are done for the current situation. However, due to
the growth and building of the new factory, these calculations are only accurate
for a relatively short period of time. The proposed model is scalable and can
be modified easily for future situations when sales and capacity increase.

The impact of investments, besides the building of the factory, building in-
ventory buffers and improving capacities limited cash is available. Investments
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are part of the future agenda however, within the time span of 12 months no
additional investments are planned yet. This results in the decision-making re-
garding investments not being integrated into our research. However, smaller
investments are an ongoing process in the company that needs to be assessed in
the S&OP. For example, the hiring of new employees is done at a rapid pace to
enable growth. To track decisions regarding investments a similar approach as
the framework regarding innovation is advised, assessing investment based on
net present value. Looking at the current situation, innovation is an ongoing
process, looking at both products and processes, therefore should be treated
as an investment to enable thoughtful decisions also looking at the expected
generation of cash flows.

The company derives budget files based on knowledge and expectations, esti-
mating the expected demand and corresponding sales forecasts. These budgets
are determined at the start of the year and are updated quarterly, however, no
exact forecasts are made for 2024 yet. Therefore the time span for the demand
is not 12 months at every time of the year. Manually, a forecast is constructed
based on the exponential smoothing of available data. This forecast is however
less accurate, also because seasonality is not incorporated, as this was almost
impossible to derive from the available data. The method of forecasting used
in this research can be overruled when the 12 months rolling budget process
becomes available.

The building of the new factory, which will be operational in 2024 results in
many future uncertainties, that are hard to track. This will impact the tactical
planning process of the company drastically as exact operational capabilities
are not known yet. Capacities are known; however the actual performance and
capabilities cannot be investigated yet as the building of the factory is still an
ongoing process and no data on operational performance, regarding the new
factory are available. we propose structured S&OP in such a manner that inte-
gration is possible in both the current situation and in the new version of the
company. This is also one of the reasons that a closed-loop approach is designed
in the new structure, making the process a repeating cycle each month using
outputs from previous periods as inputs for determinations of new plans and
consensus.

In this research, we used exponential smoothing as a method to forecast
sales for 2024. However, due to the expectations of hypergrowth, this method
is probably not the best estimate. As the company is growing rapidly, even
higher numbers of forecasted sales could be expected. The company will make
an actual more thorough forecast for 2024 in the near future, which can replace
our derived numbers.

Due to the listing of the company, a lot of data are confidential and there-
fore cannot be made public. This did not affect the research. However, this
resulted in some difficulties in writing our report as not all derived models and
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calculations can be incorporated. This results in not being able to present all
data and outputs, as thoroughly as everything is derived and presented to the
company. However looking at the derivation of our framework, this is more
general and can be presented in the report entirely. Our framework presents a
comprehensive and extensive overview of what and which form of the process
should be integrated in the future.

Considering our proposed decision framework regarding innovation, the goal
of the framework is the improving the cohesion between the current Stage-Gate
model and the tactical planning process. Stage-Gate was also only recently
introduced as an innovation management tool within the company. This re-
sults in the model not being integrated entirely yet, and data management not
being how it should be. This means that to integrate the decision framework
improvement of management of the Stage-Gate model is necessary, outputs of
each stage should be documented and stored properly and should be easy to
find within the company and its IT landscape.

Finally, as mentioned earlier, in summary, it can be stated that the main
limitation comes from the availability and accuracy of data. This is mostly re-
lated to the fact that the company only exists for 7 years and its fast-growing
character. The company is working on the professionalisation and tracking of
data, so serious improvement is expected in the near future. A factor is the
ERP system of the company. This system is immature, lacks functionality, and
has no advanced options for data extraction. To enable proper performance
measurement the company should strive towards an integrative and consistent
mode of data measurement providing inputs. Especially looking at the expected
growth, management of data will be challenging for the company. A more ma-
ture ERP system is a costly and time-consuming investment but is certainly
advised for the company to invest in the coming years. The current ERP sys-
tem has its limitations, however, the company is working on professionalization,
with for example the implementation of earlier mentioned WMS and CRM sys-
tems, tackling limitations and maturing the IT landscape.

6.4 Recommendations for the Company

The key recommendation of this thesis for the company is to fully implement
the proposed tactical planning structure, as displayed in Figure 20.

The key to the success of our proposed process is the structured involve-
ment and alignment of all departments in a weekly rhythm. This enables an
integrated view of the tactical plan, which comes together in a structured and
organised way. Meaning that not only the key executive S&OP meeting taking
place each month needs to be continued. But also the incorporation of the ex-
tensive pre-S&OP meeting structure, where scenarios, actions, and bottlenecks
are discussed. On top of this, the S&OP process should be an ongoing cycle,
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with weekly steps returning each month and outputs from previous months be-
ing used as inputs for the upcoming month. This is to make sure the planning
is always available on time and updated every month in a closed-loop principle.

Next to this new tactical planning framework, we also suggest some key
elements for success for the company to plan and execute on a tactical level.
These key elements are:

1. Introduction of a Customer Order Decoupling point between membrane
and module production

2. Improvement of stock levels, based on determined holding- and changeover
costs and clear cash impacts regarding the S&OP.

3. Inclusion of innovation in the tactical plan process, based on a data drive
decision framework.

4. Integration of a performance management cycle, which is presented with
clear performance metrics. to make sure there is a closed loop from plan-
ning to execution (plan-do-check-act) and to monitor the impact of S&OP
on business processes.

5. Integration of a forecast accuracy process, to measure and improve fore-
cast, stabilise sales, and use the results in the S&OP cycle to create con-
tinuous learning loops.

With our proposed key elements, the company can mature its position re-
garding the professionalisation of the tactical planning process. With a clear
structure and follow-up loops monthly. As stated above, the structure of meet-
ings, repeating monthly is crucial to get this process in place. We, therefore,
advise making the Supply Chain manager process owner of this process and cre-
ating and managing the 4 weekly steps, which come together in the executive
meeting, where the key decisions are taken by executive management.

Next to installing this process, we recommend to the company to further
professionalise the quality and availability of data. We also present this as an
important step in the performance measurement cycle within the S&OP struc-
ture. This has to do with building a historical data set, with closed learning
loops to improve the quality of data and corresponding processes continuously.
For the future we also recommend to the company implement a more profes-
sional IT landscape, with more advanced planning tools, enabling multi-level
product structures and more advanced data extraction methods. Company-
wide there is awareness of the immaturity of the IT landscape and the need for
change in the future. However, we recommend doing this as fast as possible, as
the complexity of the implementation will significantly increase with the grow-
ing size of the company.
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For a professionalised integration of the impact of innovation we recommend
to professionalise the Stage-Gate model, and integrating this as a company-
wide innovation management tool. The model was recently introduced, and
integration is not finalised completely. However, to make sure innovation can
be integrated within the S&OP model, the Stage-Gate model should be ma-
tured. This results in the possibility to track the progress of innovation and
calculate the impacts. This can be achieved by better data management and
prioritising a proper meeting and documentation at the end of each stage before
progression. The company is working on the professionalisation regarding this
model, however looking at current innovation on the agenda, data are hard to
find and use within the company.

Finally, we present a recommendation regarding the sales budget of the com-
pany. Currently, the company uses a sales budget derived at the start of the
year, forecasting the sales for the upcoming 12 months, and updating on actuals
quarterly. However, this sales budget is not updated each month, resulting in
missing data in some S&OP cycles, making it not possible to look forward to
12 months at each time point. This creates the risk of not taking necessary
decisions timely. To help with this problem, we recommend expanding the pe-
riod of the sales budget or updating the budget more regularly. The company
is currently already working on expanding the period of their tactical planning
aiming to forecast for the upcoming 18 months in the future. On top of that,
looking at the low forecast accuracy and high deviations in the current sales
forecast, we recommend measuring forecast accuracy thoroughly and using out-
puts to stabilise demand forecasts.

6.5 Further research

We used existing literature and new insights to design a more advanced tactical
planning process for one particular company. What made it especially chal-
lenging is that NX Filtration still is a young company, facing hypergrowth in
the coming years. This creates additional challenges in dealing with uncertain-
ties and data availability. We recommend performing more research on tactical
planning systems in hypergrowth situations and the influence of hypergrowth
on the planning cycle in the S&OP process.

Next, it is also advised to perform further research on scenario planning
connected to the tactical planning process in a hypergrowth situation. In our
proposed structure, it is recommended to run multiple scenarios and assess their
impact in the pre-S&OP meetings. However, it is not investigated, which types
of scenarios are important and the number of scenarios that should be run to
find the best outputs. Also, the research could be done regarding scenarios as-
sessing growth more thoroughly. We recommend the company, to investigate,
which scenarios should be run exactly and incorporate them accordingly.
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The third piece of advice for further research is to investigate the relation-
ship between the tactical planning process and the performance management
system of the company in a hypergrowth situation. Hypergrowth puts specific
demands and uncertainties on the planning and performance cycle of compa-
nies, which requires more investigation. The fact that existing performance is
currently changing in a hyper-growth situation makes this specifically difficult.

In our research, an approximation is made for the sales forecast for 2024,
this is done using exponential smoothing, however, looking at the expected hy-
pergrowth this method could be underestimating the sales for the company.
Currently, the company uses a different method of sales forecasting, however,
sales are still prone to high deviations and accuracy in forecasts were low. There-
fore, further research could be done in finding a better method for forecasting
sales and stabilising demand expectations.

In this report, we did not incorporate research regarding the effect of the
maturity of the S&OP process on the alignment and structure of the involved
departments within the company. The framework suggests that the integration
and implementation of our new structure lead to better alignment. However,
the actual effects of alignment are not researched. We recommend investigating
this thoroughly during the implementation and afterwards. On top of that to
achieve a better alignment, changes within departments have to be made. For
the company, it is important to research how to redesign departments to better
align with the new structure.
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A List of Abbreviations and Acronyms

Abbreviation Meaning

BOM Bill of Materials.
CODP Customer Order Decoupling Point.
CLIP Confirmed Line Item Performance.
CRM Customer Relationship Management.
dNF Direct Nanofiltration.
EBITDA Earnings Before Interest, Tax, Depreciation, and Amortisation.
ERP Enterprise Resource Planning.
FG Finished Goods.
IP Intermediate Products.
MAPE Mean Absolute Percentage Error.
MTD Month to Date.
MRP Materials Resource Planning.
NCF Net Cash Flow.
NPI New Product Introduction.
NPPI New Production Process Introduction.
NPV Net Present Value.
OEE Overall Equipment Effectiveness.
OPEX Operational Expenditures.
OTIF On Time In Full.
PERT Program Evaluation and Review Technique.
RLIP Requested Line Item Performance.
RM Raw Materials.
ROI Return On Investment.
SIOP Sales Inventory Operations Planning.
S&OP Sales and Operations Planning.
UF Ultrafiltration.
WIP Work in Progress.
YTD Year to Date.
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B Screenshot Inventory model

Figure 21: Excel model inventory management.
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C Rolling Forecast Model

Due to confidentiality, this figure cannot be presented in this version of the
report.
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D FMEA Framework

Figure 22: FMEA template.
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E Stage Gate Process

Figure 23: Stage gate model.
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F NPV model

Figure 24: Input number determination NPV.

Figure 25: Output Table Discounted
Cash Flows.

Figure 26: Variable Definition NPV.

Figure 27: Output NPV.
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G ECV Model

Figure 28: Inputs probability of Commercial Success.

Figure 29: Extra inputs ECV. Figure 30: Variable definition ECV.

Figure 31: Output ECV.
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H Formula and Data Performance Measurement

KPI Data Derive from
Forecast Accuracy. Actual Sales, Sales Fore-

cast
Budget File, Sales-
force(CRM).

MAPE. Actual Sales, Sales fore-
casts, 12 months.

Budget File, Sales-
force(CRM).

Forecast on innovation de-
mand.

Impact of innovations in
final stage, NPI pipeline.

Stage Gate output, im-
pact calculations.

Costs of carrying inven-
tory.

Costs per item, number of
items.

Exact online(ERP), hold-
ing costs from report.

Weeks of inventory on
hand

Recommended inventory,
average sales.

Calculated recommended
stock levels, Sales budget.

Backorder rate Orders delivered too late,
total number of orders.

Exact online (ERP).

Inventory Accuracy Recommended inventory,
actual inventory.

Calculated recommended
stock levels, Excel(MRP,
Exact online (ERP).

Percentage of customer
who do not experience
stock out.

Customers served too
late, total number of
customers.

Salesforce (CRM), Exact
online (ERP).

Fill rate. Total number of order
delivered on-time, total
number of orders.

Exact online (ERP).

OTIF. Orders delivered on-time,
orders delivered in-full, to-
tal number of orders (to-
wards customer).

Exact online (ERP).

Order cycle time. Delivery date, order entry
date, total number of or-
ders.

Salesforce (CRM).

Capacity utilisation rate. Actual production, theo-
retical maximal potential.

Weekly production report,
Exact online(ERP).

OEE. Availabity, performance
and quality of production
process.

Weekly production report,
Exact online(ERP).

CLIP. Weekly orders, backlog,
orders delivered, excess
deliveries (towards suppli-
ers).

Salesforce(CRM), Excel
(MRP), Exact online
(ERP).

Planned vs. Ac-
tual(finance).

Forecastsed and actual
costs, revenue and work-
ing capital.

Balance sheet, budgets.
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Percentage of sales from
new product introduc-
tions.

Total number of Sales,
sales from NPI.

Salesforce (CRM), Stage
gate.

NPI and NPPI in Stage 5. NPI, impact of NPPI Proposed innovation anal-
ysis, stage gate model.

Table 6: Data derivation KPI.
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