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Abstract 
 

 

The transformation to a centralized, integrated Sales & Operation Planning (S&OP) process 

stands for difficulties in measuring and understanding Supply Chain Performance. As the 

transition plan – operations is now of cross-departmental responsibilities, it is essential to 

design a Performance Measurement System (PMS) that effectively captures the process 

from the holistic process- and supply chain perspectives. This forms the core purpose of 

this research: the development of a framework that supports the design of Performance 

Measurement Systems in a centralized Sales & Operations Planning process.    

 The framework is developed to enable systems thinking following a process-based 

approach in which the entire end-to-end supply chain is considered. In capturing the plan 

– operations transition, the framework is structured around the S&OP dimensions: Supply 

Chain Performance; Plan Adherence; Reliability; Stability; Transparency; and Flexibility. 

The framework supports the identification and clustering of performance indicators. This 

clustered set of performance indicators in turn supports cause-effect analyses on varying 

drill-down dimensions.  
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Management Summary 
 

 

Problem Statement 

 

The HILTI Integrated Planning (HIP) project is designed to transfer from decentralized 

planning processes to a centralized, integrated S&OP process to steer the supply chain. 

The status quo in the PMS design is based on decentralized planning processes in which 

the transition plan – operations is not covered. Hence, future S&OP decision-making and 

the identification of the isolated success of the HIP project is not supported. 

 S&OP is not a new concept in the manufacturing industry; in fact, it has been 

operational for over 25 years. Nevertheless, the way Supply Chain Performance (SCP) is 

measured did not change in practice and never received much attention in scientific 

research. Scientific articles do provide frameworks that support the development of 

effective PMS. However, such frameworks fail in representing centralized S&OP processes 

effectively. 

 

Scope 

 

HILTI operates on the entire end-to-end supply chain, from raw materials to the end-

customer. With S&OP operational on every single chain in the network, the scope of this 

research entails a broad concept. From a scientific point of view, PMS consists of the 

following stages: design process; implementation; use; and updating. For this research, 

only the design process is considered that entails the identification of the measures, 

pushing the measures down to the right hierarchical level, defining reporting principles, 

and determining how to collect and show results.  

 

Analysis 

 

This research’s analysis is divided in several stages. First, the essential changes that the 

HIP project introduced to Supply Chain Management (SCM) are outlined. The 

transformation is explained in detail to support the revisions that form the new PMS 

design. In short, it is concluded that the transition plan – operations is not supported in 

the PMS status quo; the performance of the S&OP process remains a black box. In parallel, 

literature is consulted to construct a framework for the identification of performance 

metrics and indicators. In addition, during workshops with involved HILTI S&OP experts, 

global standards for reporting principles are defined to support the implementation of the 

performance indicators. A case study is performed to indicate how the framework is 

applied in practice to maintain focus during performance evaluation sessions.    
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Solution 

 

The framework is provided in Table 5-1 in Chapter 5. When the framework is put to 

practice: S&OP performances are understood in the dimensions of Plan Adherence; 

thorough cause-effect analyses from the holistic perspectives of systems thinking are 

enabled; performance indicators are defined using a process-based approach; and 

measures are pushed down to the right hierarchical level of management. The structure 

of the framework is as follows:   

 

- Reliability, Transparency, Stability and Flexibility are the Level-3 Metrics that serve 

the cause-effect relations to Plan Adherence, the Level-2 Metric.  

- The level-2 and level-3 metrics subsequently substantiate Supply Chain 

Performance, the Level-1 Metric. 

- The  cause-effects work from left to right, but the framework is read from right to 

left. Hence, the SCP is obtained first, for which constructive causes are provided 

in the level-2 and level-3 metrics.  

- From top to bottom, measures are pushed down to the right hierarchical level of 

management: Strategic, Tactical and Operational.  

 

Subsequently, reporting principles are defined to retain global standards for the set of 

recorded performance indicators in the framework. In addition, feedback sessions are 

designed with adequate subsets of performance indicators to maintain focus during 

performance evaluation sessions.  

 

Implementation 

 

The framework refers to about 30 performance indicators that are considered to enable 

effective PMS for a centralized S&OP process. To support the right focus during the 

implementation phase, an Effort-Importance matrix is constructed that visualizes the 

reporting principles with respect to their implementation priorities. This matrix is 

presented in §6.1.1.  

 An Excel Tool is developed using Excel VBA that forms the framework with 

coherent performance indicators. Dependent on the type of drill-down that is depicted, 

the performances are calculated, extracted and recorded in the framework over a monthly 

time horizon. Drill-downs are available on aggregate, MO, PU and setup group levels.  Next 

to the framework, the Excel Tool provides the five core types of feedback sessions that are 

defined: Sales Planning; Capacity Preview; S&OP Meeting; Distribution Planning; and 

corporate Supply Chain Performance.  
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1. Introduction 
 

1.1 Company Introduction 

 

The current Master Thesis Project (MTP) is conducted at a world leading company in the construction 
sector. HILTI AktienGesellschaft (HAG) provides high quality, cutting-edge technology and value adding 
products, services and system solutions to its customers worldwide. HILTI was founded in 1941 by Martin 
and Eugene Hilti and has been based in Liechtenstein ever since. The company originally started as a small-
scale construction tool manufacturer, consisting out of 6 employees operating from a garage in Schaan, 
Liechtenstein. It has grown to become a great multinational organization operating in more than 120 
countries employing more than 24.000 employees all over the world. Regardless of its success, HILTI still 
operates as a family business. As it is known today, HILTI develops, manufactures and delivers products 
and services for the construction and mining industries. The Direct Fastening and Demolition tools are the 
main catalogue products for the fame and success of HILTI since the early 50’s. The product portfolio of 
HILTI now ranges from specialized tools and consumables to chemical products. However, corporate’s 
focus is on anchoring systems, firestops, installation systems and a range of different tools such as electric 
drills and power saws. The complete product assortment categories that HILTI manufactures are as 
follows: Measuring Systems, Drilling and Demolition, Diamond Coring and Cutting, Cutting and Sanding, 
Screw Fastening Systems, Cordless Technology, Direct Fastening, Anchoring Systems, Firestop Systems, 
Installation Systems and Software. Next to that, HILTI also offers services related to Engineering, Fleet 
Management, Training & Consulting, Lifetime Service, Repair Service, and Delivery Service. With its 
corporate goal “passionately create enthusiastic customers and build a better future”, HILTI is considered 
to be providing leading-edge technology to the professional construction industry. Innovation is one of the 
most important concepts that HILTI incorporates, introducing roughly about 30 products every year. With 
its innovation, HILTI has managed to stay ahead of its competitors and maintain its competitive edge in 
the marketplace.  
 The company delivers its products and services through a worldwide, direct sales business model 
which leads to controlling a globally spread end-to-end supply chain. Operating with a direct sales model, 
HILTI does not sell its products to the typical retail stores or with the use of distributors. This implies that 
around 60% of the employees are directly working for customers in sales organizations, which holds a total 
of more than 200,000 customer contacts every day. This sales concept incorporates five ways to deal with 
customers:  
 

- customer advisor; 
- HILTI Stores;  
- HILTI Online;  
- customer service; and 
- technical service/support.  

 

HILTI operates with a focus on a global market, though the turnover distribution is largely concentrated in 
western Europe (± 45%) and North America (± 25%). Currently, HILTI operates eight manufacturing plants 
in three different continents, visualized in Figure A-1 in Appendix A: 
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- consumables plant in Mexico, North America 

- diamond tools and consumables plant in HAG, Europe  

- two plants for Consumables and Tool Components in Germany, Europe  

- tool Assembly plant in Austria, Europe 

- consumables plant in Hungary, Europe  

- consumables plant and tool assembly including Research & Development (R&D) in China, Asia 

 

The headquarters of HILTI have been located in Schaan ever since it was founded, but the company now 

operates hubs in each of its market regions: 

 

- North America (HNA) – Tulsa, USA  
- Latin America – Panama  
- Near/Middle East, Turkey, & Africa (META) – Dubai, United Arab Emirates  
- Asia & Oceania – Hong Kong  
- Eastern Europe – Moscow, Russia  
- Northern Europe – Manchester, United Kingdom  
- Western Europe – Magny-les-Hameaux, France  
- Central Europe – Kaufering, Germany  
- Southern Europe – Milano, Italy 

 

1.1.1 Supply Chain 

 

To a large extent, HILTI controls the entire goods flow from manufacturing plants until the sales units. A 
simplified representation of the entire end-to-end supply chain is provided in Figure 1-1. 
 

 
 
Figure 1-1: supply chain network HILTI  

 
Suppliers, Plants, Headquarter Warehouses (HQ WH), Central Warehouses (CW), Regional Distribution 
Centers (RDC), Distribution Centers (DC) and HILTI Stores (HS) / Vans / Repair Centers are located all over 
the world. The supply chain includes about 380 suppliers managed by Global Sourcing. These suppliers 
provide the flow of raw materials to the production plants. Furthermore, the supply chain of HILTI includes 
8 production plants that are globally spread and managed by Global Manufacturing. Another part of the 
HILTI product catalogue is sourced from roughly 900 allied suppliers. Materials flow from factories or allied 
suppliers to the Market Organization (MO). The routing of material flows depends on the magnitude of 
shipments between a plant or an allied supplier to the MO: in case of large shipments, the materials flow 
directly to the MO. In contrast to that, small material flows are consolidated in a HQ WH before being 
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shipped. HILTI does not operate on all of the warehousing locations. The company owns about 20% of the 
total warehouse locations globally and operates itself in about 65% of the warehouses. The warehousing 
operations that are outsourced to 3rd Party Logistics (3PL) providers are defined by a previously developed 
network design strategy. The allocation of stock spread over all inventory locations in the supply chain 
network is aggregated as follows: 75% at CW/DC/RDC, 16% at HS and 9% in Vans. Regions with high and 
stable demand rates and predictable demand patterns have inventories held more downstream in the 
supply chain in order to achieve better service levels and high delivery reliability. When demand patterns 
are rather unstable and low, inventory is pooled in upper stages of the stream to avoid unnecessary high 
stock levels. The typical lead time for standard orders is within 24 or 48 hours based on geographical 
distance.  
 

1.1.2 Global Logistics Department 

 

This MTP is carried out in the Global Logistics Department (GLD) based in the Logistics Center in Nendeln 

(LCN), Liechtenstein. The GLD mainly manages four concepts:  

 

- Warehouse Management 
Responsible for capacity management, third-party logistics and network design. 

- Transport Management 
Responsible for routing optimization and transporter management and integration.  

- Materials Management 
Responsible for inventory management, planning and forecasting, order processing and exports. 

- Service Management 
Responsible for offering highly reliable, more advanced and segmented services. 

 
These areas are carried out on both global and regional organizational level. With a diverse selection of 
executers, this serves as the basis for efficient interactions and constant improvements as the team 
members have scheduled meetings every month.  The GLD centralizes the design of global processes by 
actively involving plants, MOs and management at HQs. Therefore, the GLD also engages in supporting on 
issues, exceptions and concept developments for continuous improvements in local logistics for regions 
and markets. An organizational set-up overview is provided in Figure A-2 in Appendix A by the means of 
an organization matrix. As one observes, there is a dotted line connecting the Global Logistics Lean to the 
organizational structure, which addresses the area of interest in sustainability.   
 

1.2 Project Introduction 

 

HILTI is implementing the integrated, centralized S&OP processes iteratively at the time of writing. Sales 

Planning is implemented per Market Organization, whereas the Supply / Operations Planning is 

implemented per production line. A lot of time and effort is still needed before S&OP will be productive 

throughout the entire supply chain. For evaluation and learning purposes, HILTI now wants to start with 

the redesign of its PMS that both represents the success of the HIP project and enables focus and support 

in future S&OP decision-making.  
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1.3 Methodology 

 

The concept of the MTP started with a thorough Literature Review and was followed by a Research 

Proposal. This initial phase of the MTP supported the conceptual formulation of the problem. This report 

conducts an even more detailed problem definition in which the problem is analyzed more extensively. 

The MTP partially follows the process of the problem solving cycle approach, introduced by van Aken et 

al. (2012). The project scope is considered not to contain the process steps implementation and evaluation. 

The research is based on the idea of design sciences to develop prescriptive knowledge by the 

development of technological rules and solution concepts. The core mission of a design science is the 

development of valid knowledge, which can be incorporated by professionals in the field to design 

solutions for their particular problems.  

 

1.4 Diagnosis  

 

S&OP is iteratively being implemented without an effective PMS in place. With the S&OP process, 

centralized planning has become the essence for the Global Logistics Department. The PMS status quo 

relates to the former process, in which decentralized planning steered the production and distribution 

activities. The central decision-making induced by S&OP holds that the adherence to the plan requires 

monitoring to track and understand plan changes and deviations. In the former setup, the line between 

plan and operations was much thinner and transparent. Hence, the plan – operations transition requires 

additional coverage for effective PMS particularly addressed to a central S&OP process. This lacks in the 

current measurement concept and forms the essential deliverables of this research.        

 

1.4.1 Root Causes & Symptoms 

 

Execution follows the plan, adhering to that plan or not. In the former process setup, decentralized 

planning was used to steer the goods flows and manufacturing plants. As plan and execution were often 

of shared responsibility, understandings about plan’s successes and difficulties were implicit with the 

process. In S&OP processes, planning and operations at plants, warehouses and carriers are separated to 

a higher extent. This is the main issue with the current PMS: as only the SCP is reported and evaluated, the 

performance of S&OP remains a black box. In case of low plan adherence, SCP indicators do not reflect 

S&OP performances effectively.  

 

No effective PMS
No transparency 

about plan 
adherence

No definition of the 
success of HIP

No effective 
steering of S&OP 

decisions

SCP decoupled 
from S&OP

No understanding 
about problems 
and successes

Inefficient 
Execution processes

Potential hazards 
for supporting the 
plan by executives

Root Causes Symptoms Problems

 
 
Figure 1-2: root causes, symptoms and problems summarized in a problem tree.  
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1.4.2 Research Need 

 

“No effective PMS” is identified as the root cause leading to problems to understand the success of the HIP 

project and difficulties in steering focus during S&OP decision-making. In particular, the identification and 

clustering of the (Key) Performance Indicators (KPI) for S&OP is the main deliverable of this research. 

Frameworks exist that support clustering and identifying performance indicators for the Manufacturing 

Industry. However, as exhaustive Literature Review concludes, such frameworks seem to be developed for 

decentralized decision-making in which the transition plan – operations is more transparent. With 

centralized planning processes, effective PMS is required to understand plan adherence from the holistic 

perspectives of the process and network. As of now, no frameworks exist that support the identification 

of performance indicators applied to S&OP processes in particular. Moreover, hardly any literature exists 

on the core concepts of S&OP. This research’s aim is to construct a generic framework that enables the 

identification and clustering of performance indicators, supporting the development of effective 

Performance Measurement Systems. 

 

1.5 Project Scope 

 

The GLD at HILTI steers the entire end-to-end Supply Chain with its S&OP. From Master Production 

Scheduling (MPS) and Material Requirements Planning (MRP) to the capacity planning of its warehouses 

and carriers: S&OP covers the entire end-to-end supply chain, providing every single chain in the network 

a plan to steer the process. This is the reason why this research entails such a broad concept. The updated 

set of performance indicators needs to cover this comprehensive reach. Hence, understanding about the 

entire S&OP is required to initiate the project.  

From scientific perspectives, PMS contains a comprehensive set of processes, of which the 

identification of performance indicators is just one aspect in the design process within PMS. As is provided 

in the Literature Summary in Chapter 2, the construction of PMS consists out of four processes: design; 

implementation; use; and updating. As it is of main interest to identify the performance indicators that 

enable the reporting of S&OP effectively, this research’s focus is on the design process. The design process 

also considers describing the processes, defining reporting principles and pushing the measures down to 

right hierarchical level of management. Hence, the project scope is considered in the contexts of both PMS 

and S&OP. In addition, a case study is conducted which provides clarity about the success of the HIP project 

and shows how to perform drilled-down cause-effect analyses. 

 

Description Scope 

The design of a framework to support  the identification of performance indicators for S&OP IN  

The subsequent processes implementation, use and updating for PMS OUT 

A case study:  

The design process within PMS, including an implementation guide for GLD Management IN 

Performance ranges for the (Key) Performance Indicators that form the framework IN 

Feedback design IN 

The development of a tool to initiate drilled-down cause-effect analyses  IN 

Identify the success of the HIP project IN 

Table 1-1: overview of the project scope considering S&OP and PMS perspectives 
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1.6 Research Definition 

 

In this section, the research need as described in §1.4.2 is translated into a research problem in §1.6.1. 
Subsequently, the research objective and the research questions are defined. To finalize this chapter, the 
key deliverables of the master thesis project are discussed in both the perspectives of HILTI and the TU/e. 
 

1.6.1 Research Problem 

 

After designing the HIP project to introduce centralized, integrated S&OP processes to steer the supply 

chain, HILTI requires to know how to measure the successes and difficulties regarding the project. With 

other projects intervening, next to ever-changing company environments, HILTI does not know how to 

design a PMS that represents the isolated effect of the HIP project effectively. Furthermore, HILTI needs 

the right performance indicators in place to better support future S&OP decision-making. Hence, not only 

the process-related outcome, SCP, is important: a process-based measurement concept that enables 

cause-effect analyses is needed in parallel. Frameworks do exist to support the identification of 

performance indicators. Such frameworks are often structured around the next four aspects: plan; source; 

make; and deliver. However, as S&OP processes consider a sophisticated and comprehensive approach 

that emphasize centralized planning aspects, existing frameworks do not provide adequate support for 

S&OP. Moreover, hardly any scientific documentations exist related to S&OP and its practical 

implementation issues.  

 

1.6.2 Research Questions  

 

In this paragraph, the direction of the research is translated into a research objective and research 

questions. The business research objective can be directly derived from the research need in §1.4.2: 

 

Research Objective || The design of a measurement concept in regards to service, supply reliability, 
production fulfillment and costs to measure the success and performance of 
S&OP processes. 

 

With this research objective, the core research question throughout this MTP is derived as follows:  

 

Research Question || How to hierarchically measure S&OP performance? 
 

This formulation is very broad and needs to be decomposed into sub-questions in order to provide an 

adequate solution. One needs understanding about the status quo, the changes that HIP introduced to the 

GLD, requirements for an effective PMS design, and the supply chain structure. First, analyzing the AS-IS 

situation is needed to identify the status quo, the current design of the PMS. The identified sub-questions 

related to this aspect are stated as follows: 

 

Sub - Question 1 || What is the HILTI PMS status quo? 
 

Sub - Question 2 || What essential changes were implicit with the transformation to a centralized 
S&OP process? 
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The design of the generic framework and implications for the set of performance indicators are covered 

by the next three sub-questions:  

  

Sub - Question 3 || What are the general, core essentials for effective PMS? 
 

Sub - Question 4 || What S&OP-metrics need consideration in designing a generic framework for the 
hierarchical identification of performance indicators? 

 

Sub - Question 5 || What are the (K)PI for HILTI? 
 

With the right measures in place, S&OP performance may be reported effectively. Hence, global standards 

for reporting principles need to be defined for the set of recorded performance indicators in the 

framework. In addition, performance evaluation requires a targeted focus. With a comprehensive set of 

performance indicators, it is essential to design effective feedback sessions. These aspects are supported 

in the last two sub-questions: 

 

Sub - Question 6 || What are the reporting principles for the performance indicators related to S&OP? 
 

Sub - Question 7 || How to perform data analysis to provide clarity about the success of the HIP project 
and S&OP performance?    

 

Answers to the Research Questions are listed in Chapter 8.    

 

1.6.3 Key Deliverables 

 

The deliverables of this MTP must be perceived from two perspectives: HILTI and the TU/e. HILTI requires 

an updated measurement concept for its centralized S&OP process. In this perspective, the research is 

conducted as a specific case study to identify performance indicators and to develop a stable measurement 

concept. Hence, the right set of performance indicators, reporting principles and the feedback design are 

the main deliverables for HILTI. To support the findings, an Excel VBA Tool is developed that is directly 

operational. 

 From university perspectives, a more generic framework is required that supports the design of 

effective PMS. The framework should be applicable for any case in the manufacturing industry, operating 

through an integrated, centralized S&OP process. From university perspectives, one relates this to the 

functions and activities of the design process within PMS.      
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2. Literature Summary 
 

The Literature Review was focused on Performance Measurement in the Manufacturing Industry. Related 
to S&OP, no conveying framework exists that supports the design of a performance measurement concept. 
In the Literature Review, it was focused on the existing frameworks that structure the performance 
indicators for supply chains in general. In particular, section §2.3  covers S&OP performance indicators that 
are found in additional literature studies. 
 

2.1 Performance Measurement Systems 

 

Especially in the manufacturing industry, managers are constantly trying to better manage supply chains. 

Managers use strategies like Just-In-Time (JIT), Lean production and Total Quality Management. According 

to Stevens (1989) the definition of a supply chain is as follows: 

 

“A system whose constituent parts include material supplier, production facilities, distribution services and 

customers linked together via the feed flow of materials and the feedback flow of information.”  

 

Market globalization, intensifying competition and an increasing emphasis on customer orientation are 

referred to as main drivers for the interest in Supply Chain Management. Handfield & Nichols (1999) 

stated: the revolutions in technology and business practices also brought a revolution in supply chain 

management. SCM at operational level refers to functions that are as old as commerce itself related to 

seeking, buying, storing and the delivery of products. At strategic level, SCM is identified as a relatively 

new discipline. It is supposed to adjust the supply chain in an integrated concept to ensure a sustainable 

competitive edge in the marketplace. One can think of closer supplier partnerships or the development of 

cross-functional teams. The potential benefits of SCM are attractive, but improved performance is not per 

definition incurred with good supply chain management. To meet corporate objectives, process outputs 

require to be measured and compared to a set of standards. This is why assessing performance in SCM is 

such an important task. 

 A Performance Measurement System is the set of metrics that is used to quantify the efficiency 

and effectiveness of activities and processes (Neely et al., 1995). PMS serves as the framework for the 

design of effective performance measurement. According to Bourne et al. (2000) and Mettänen (2005), a 

PMS consists of four key aspects: design; implementation; use; and updating. The design process captures 

the scope of this project, entailing the process steps:  

 

- Clarifying vision and strategy; 

- Describing processes; 

- Recognizing success factors; 

- Defining measures; 

- Pushing measures down; 

- Defining reporting principles; and 

- Determine how to collect and show results. 
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In the design of S&OP, vision and strategy are already defined in the means of corporate objectives. 

“Passionately fulfill customer’s needs with highest efficiency” relates to the success factors: Fill Rate; 

Inventories On Hand; Customer Satisfaction; and Cost Productivity. How these objectives are supported is 

identified by describing the processes and activities. Chan & Qi (2003) developed the Performance of 

Activity (POA) as an approach to combine the process descriptions with recognizing performance measures 

using their metrics board, as provided in Table B-1 in Appendix B. Chan & Qi stress in their article that a 

process-based approach is essential in defining the performance indicators to reflect upon the supply 

chain. The POA approach applies the metrics board for every single sub-process or activity within the 

supply chain. The Supply Chain Operations Reference (SCOR)-model, as described by Stewart (1997), 

follows the same process-based approach. It also provides a framework for the identification of 

performance indicators. An example of such a SCOR-model is provided in Table B-2 in Appendix B.   

 

2.2 Frameworks for Supply Chain Performance 

 

Much of the performance measurement literature is inspired either by the balanced scorecard (BSC, 

Kaplan and Norton, 1996) or by Neely (1998), who suggests effectiveness and efficiency as the key 

perspectives in supply chain performance. Effectiveness refers to the extent to which customer 

requirements are met, while efficiency relates to how economically the organization’s resources are 

utilized when providing a given level of customer satisfaction. Similarly, Kaplan and Norton implicitly use 

effectiveness and efficiency in their “customer” and “internal process” perspectives in the BSC. The BSC is 

just one of the frameworks applicable for Supply Chain Performance. Next to the SCOR-model and the 

metrics board by Chan & Qi (2003), other research has shown similar needs for the structuring of 

performance indicators; not only for the identification, but also for understanding the managerial level 

and the process the measure belongs to. One of the most used frameworks in existing literature is the 

framework developed by Gunasekaran et al. (2004). The framework is provided in Table B-3 in Appendix 

B. As one obtains, the framework is built around:  

 

- the managerial level, indicated by: Strategic; Tactical; or Operational 

- the four supply chain aspect by Stewart (1995): Plan; Source; Make/Assemble; and Deliver. 

 

Applying the framework in practice enhances the understanding of the performance indicators and the 

reciprocal relations with other aspects or managerial levels. In their research, Gunasekaran et al. defined 

a balanced approach between costs and non-cost performance indicators to be of great importance. An 

equal emphasis on cost and non-cost indicators is needed as they often have adverse impacts on each 

other (De Toni & Tonchia, 2001).   

 Caplice & Sheffi (1995) and Shepherd et al. (2006) emphasize systems thinking when providing 

criteria for PMS. A supply chain should be viewed as one entity and the measurement system should span 

the entire supply chain. The inability to obtain this refers to the lack of systems thinking. The related criteria 

for systems thinking by Caplice & Sheffi (1995), with descriptions by Hulthén et al. (2016), are as follows: 

 

- comprehensiveness  
including measures of financial results, customer satisfaction, and internal process efficiency. 

- causal orientation  
tracking root causes of performance. 
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- vertical and horizontal integration  
capture the goal congruence between corporate as well as functional goals.  

- internal comparability 
recognize trade-offs between various dimensions of performance (i.e. financial and non-financial measures) 

- usefulness 
underlines the understandability of measures for decision makers. 

 

In ‘t Veld et al. (2010) emphasize on the aspects of systems thinking with three essential characteristics: a 

systems wants to reach a goal; the system entails a collection of elements; the elements are interrelated.   

 

2.3 S&OP Performance Measurement 

 

The S&OP process is a medium- and long-term planning tool that supports synchronization of different 

functional corporate plans (customers, sales, marketing & innovation, manufacturing, sourcing and the 

financial plan) into an integrated set of tactical plans (Hulthén et al., 2016; Grimson and Pyke, 2007; Lapide, 

2004). The developed plans support management in resource allocation decisions to deliver high customer 

service in the most efficient way (Milliken, 2008). Hence, the goal of the S&OP process is to balance supply 

and demand, where providing early signals of potential imbalances is essential (Ivert et al., 2015). The 

intended benefits are increased sales revenue and improved allocation of resources, leading to increased 

profits (Cecere et al., 2009). In essence, the S&OP process should consist of the following five steps: data 

gathering, demand planning, supply planning, pre-meeting, and an executive meeting (Hulthén et al., 

2016; Jacobs et al., 2011; Grimson and Pyke, 2007). 

 However, despite the fact that the concept of S&OP is more than 25 years old (Ling and Goddard, 

1988), measuring S&OP performance remains hard and undiscovered in scientific literature. A 

standardized approach does not exist (Ivert and Jonsson, 2010), S&OP process performance is not clearly 

defined (Hulthén et al., 2016), and the existing measures are widely dispersed, differing among authors 

(Tuomikangas and Kaipia, 2014). As a consequence, Cecere et al. (2009) conclude that many organizations 

apply too many measures, leading to low transparency and understanding of the S&OP performance. 

Furthermore, measures are often clustered or focused in such a way that the performance of the cross-

functional process is not considered. With the focus on organizational functions on itself, the S&OP vision 

of cross-functional integration is not covered (Thomé et al., 2012; Keal and Hebert, 2010). In parallel, a 

balanced approach should be retained to address the often incongruent goals (Gunasekaran, 2004; 

Grimson and Pyke, 2007; Caplice & Sheffi, 1995).  

 In their paper, Hulthén et al. (2016) developed a framework that is visualized in Figure B-3 in 

Appendix B. The framework is constructed around effectivity and efficiency. The framework seems rigid 

and applicable, but it lacks in enabling structural drill-downs to understand cause-effects from a planning 

point of view. The framework that is designed during this MTP is an addition to the existing literature that 

has been described in this chapter. In light of the described process-oriented approaches, Chapter 3 

outlines all core processes, sub-processes and activities related to S&OP. Note that the metrics board 

provided by Chan & Qi (2003) is not necessarily applicable for S&OP processes and activities, as S&OP 

relates to the plan; not the operations. This is an implication that is considered extensively throughout this 

paper. It serves the essence around which the S&OP-framework is constructed.    
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3. AS-IS Analysis 
 

This chapter represents the way S&OP is currently executed by HILTI. Before outlining the S&OP process, 
a description about the HIP project is required to get the vision and mission related to the current S&OP 
environment. Secondly, a broad overview of the S&OP processes is provided. In addition, each sub process 
and activity within S&OP is described extensively in light of the POA approach.  
 

3.1 HILTI Integrated Planning  

 

In 2013, the Global Logistics Department launched HIP as a project to restructure Materials Management 

and Export Planning. The project was aimed to generate a centralized, integrated planning for the end-to-

end supply chain as part of the Champion 2020 corporate strategy. In the former process, activities were 

not aligned in terms of:   

 

- missing a one-number steering principle; 

- the former setup was utilized as gap-filler instead of creating sustainable improvements; and 

- the lack of centralized governance leading to work inefficiency, interpersonal tensions and senior 

management interventions based on partial information.  

 

To account for these misalignments, the HIP project was split into four different aspects to introduce and 

support the S&OP processes in the means of:  

 
- Workflow  

Activities related to demand, manufacturing and distribution planning are integrated with a synchronized agenda. 

- Sales Planning  
Implement an integrated sales planning process for the entire value to be driven by a “one number steering” principle.  

- Production and Distribution Planning 
Central planning coordination of activities on operational and tactical level of the hierarchical planning. 

- Organization Preparation 
A central function responsible for planning coordination on all hierarchical levels striving for end-to-end optimization.  

 

Before the introduction of HIP, the supply chain was subject to bullwhip effects, conflicting targets and 
interests, high demand uncertainty and excess inventories. The key objectives for HIP: higher service levels; 
reduced lead-times; reduced inventories; higher forecast accuracy; and global synchronization. With the 
implementation of HIP, HILTI has aimed to further increase delivery reliability, increase sales availability to 
98% and the ratio of successfully fulfilled customer orders to 98.5%. Next to performance indicators 
related to customer satisfaction, HIP is expected to increase plant cost productivity by 3% annually and to 
decrease the costs of goods from allied suppliers by 0.5% on an annual basis. Furthermore, HIP is expected 
to reduce current running inventories by 10% releasing an estimated 30-60 CHF millions of committed 
capital and reduce distribution costs by utilizing the improved planning to reduce unnecessary, costly 
emergency shipments.  
 Throughout this report, current S&OP refers to the planning process in which the HIP project is 

fully incorporated. This is, however, an assumption for the ease of understanding as the HIP 

implementation phase is still in process at certain steps in the supply chain.   
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3.2 S&OP Core Processes  

 

HILTI classifies S&OP into Sales Planning and Supply/Operations Planning. The Supply/Operations Planning 

is strictly initiated after conducting the Sales Planning. The Sales and Supply/Operations Planning 

processes are depicted in Figure 3-1 & Figure 3-2 respectively.  

 

- Sales Planning 

 

 

 
Figure 3-1: HILTI Sales Planning process 

 

The sales planning starts with a Statistical Forecast that is computed on a monthly basis, based on 

data related to sales histories per product line. Local Market Intelligence is subsequently included 

to provide the Demand Review that adapts the Statistical Forecast related to product-specific 

Projects/Promotions etc. Subsequent processes relate to the Sales Forecast Integration w.r.t. 

marketing, logistics and finance that serve for a “one number steering” principle. This is done first 

on a Business Unit (low) level, and later on the Market Organizational (high) level. This way, the 

Marketing, Logistics and Finance Departments have integrated, agreed-upon monthly standards.  

 

- Supply / Operations Planning 

 

 

 
 Figure 3-2: HILTI Supply / Operations Planning process 

 

The Supply / Operations Planning starts with the capacity preview and the exploration of scalability 

options for the capacity. The result of this capacity preview is a monthly capacity bandwidth per 

production line. Subsequently, the actual Sales & Operations Planning Meeting takes place. The 

Net Requirements are compared to the available capacity based on required/available capacity in 

hours. Additionally, stock projections are made for comparisons with target stock levels. The 

outcome of the S&OP meeting serves for aligning the Master Production Scheduling (MPS) and 

Distribution Planning. The MPS is first conducted monthly in weekly buckets, where emphasis is 

on allocating capacity to setup groups. Thereafter, MPS is updated on a weekly basis, where 

specific production amounts are determined per item. Hence, the line between planning and 

execution is really thin for MPS. This also holds for Distribution Planning: based on the Net 

Requirements snapshot taken after the Net Requirements calculation, replenishment orders are 

planned, but not fixed. For every actual replenishment order and subsequent deployment, 

decisions are made whether or not to fulfill the order. The planning – operational execution 

transition is essential for this research, and is discussed more throughout this paper. 

 

An overview of the S&OP process is provided in  Figure C-5 according to the IDEF0 notation by NIST (1993) 

in Appendix C. This way, a clear understanding of the S&OP process in terms of inputs, outputs, constraints, 

requirements and responsibilities is provided. In addition, simplified monthly and weekly workflows are 

visualized in Table D-4 and Table D-5 Appendix D. 

  

Sales Planning 

Statistical Forecast Demand Review BU SFI MO SFI 

Capacity Preview S&OP Meeting MPS Distribution Planning 

Supply / Operations Planning 
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3.3 S&OP Sub-Processes and Activities 

 
This section provides in-depth information on when and how each of the activities of the sub-processes 
are performed. The sub-processes are in red, activities in white. In addition, performance measurement 
implications are provided in PMS Takeaways to initiate the TO-BE PMS. 
 

3.3.1 Sales Planning 

 

Figure 3-3 conceptualizes the Sales Planning sub-processes and activities. An important note is the 

distribution of responsibilities for activities within the Sales Planning process. Responsibilities in the Sales 

Forecast are represented by MM (Material Manager in MO) and C (Central function in Manchester).  

 

Sales Forecast – Statistical Forecast (C) & Demand Review (MM) 

To initiate the process, the data is prepared. Thereafter, the statistical forecast is conducted based on 

historical sales data. The Materials Manager in the MO reviews this baseline and adapts the statistical 

forecast based on local market intelligence. In the current setup, there is no control over the Demand 

Review performed by Materials Management in the MOs. No constraints apply, which holds that structural 

over forecasting1 may not be penalized. This is an issue that has been covered by Verburg (2015), but was 

not applied by HILTI due to practicalities. Hence, roles and responsibilities are important to acknowledge 

for designing effective PMS; discrepancies can be identified to manage the process more effectively.      

 

Sales Forecast Integration – Consensus Forecast (Finance, Marketing & Logistics) 

Subsequently, the Consensus Forecast is generated during the Sales Forecast Integration. First on Business 

Unit (low) Level, thereafter on an aggregated, Market Organizational Level. The SFI consolidates the Sales, 

Finance & Logistics Departments with agreed upon monthly standards in the means of a one number 

steering principle. The final Sales Planning is on Demand Forecast Unit (DFU) level. DFU has three 

dimensions: material; stock-point; and demand group. Hence, a certain material in a stock-point may 

therefore have multiple DFUs, one for each of the different demand groups (typically MOs) served from 

that stock-point. Vice versa, a demand group may be served from multiple stock-points and therefore have 

multiple DFUs per material. This level of detail is required for Distribution Planning processes. 

 

 
Figure 3-3: Sales Planning activities 

                                                           
1 Based on personal interests, Materials Managers in MOs might deliberately over forecast, to ensure available stock for their own 
replenishments. Personal success may be achieved at the expense of global corporate health. 
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The Sales Planning has the following properties: 

Frequency:  monthly sales planning, including SFI 

Time horizon:    18 months rolling horizon in monthly buckets  

Input:   master data; statistical forecast; market intelligence  

Unit Detail:   individual products on material level by demand group 

Transformation: consensus forecast is disaggregated for operations planning by: 

Time:   disaggregation from monthly to weekly buckets based on sales patterns 

Location:  disaggregation of demand groups to stock-points based on active sales history  

Table 3-1: characteristics of Sales Planning  

 

 

3.3.2 Supply / Operations Planning 

 

Figure 3-4 represents the Supply / Operations Planning process. The figure illustrates the sub-processes 

related to the S&OP meeting that constructs the monthly production plans. Note that the activities 

“Min/Max & Safety Stock Calculation” and the “Net Requirements Calculation” are activities that initiate 

the subsequent sub-processes. After the SFI, the inventory policies are determined in the means of 

Min/Max and Safety Stock Calculations by the system. Overall, the rule applies that Min/Max is used for 

HILTI Stores, whereas Safety Stock is applied to Central Warehouses and Regional Distribution Centers. 

The Net Requirements Calculation is subsequently conducted by the system to serve as a controlling input 

for the pre-S&OP meeting. The Net Requirements relate to the required production units for the upcoming 

months, considering the Consensus Forecast, stock values and Min/Max & Safety Stock calculations. 

 

Capacity Preview 

In parallel to the Net Requirements, a Capacity Preview is conducted for every production plant to set 

monthly production capacity bandwidths. In essence, this is done in order to derive monthly capacity 

bandwidths for the production capacity, whilst taking scalability options into consideration. The scalability 

options are also examined with respect to the response times which are associated with scaling up and 

down in capacity. The result of this process is a monthly capacity bandwidth per production line and the 

current planned capacity with a rolling horizon of 12 months.  

  

PMS Takeaways: 

 

The way Sales Planning is organized, three forecasts are developed: Statistical Forecast; Materials 

Forecast; and Consensus Forecast. As roles and responsibilities are clearly diffused, comparison of the 

three forecasts enables the identification of accuracy discrepancies. It is not expected, but if the 

Statistical Forecast is structurally better than the Consensus Forecast, methodologies should be revised 

to serve for the better. Another important aspect in Forecast Accuracy is the Demand Review, as 

discussed before referring to Verburg (2015). The accuracy of the Demand Review reflects the interests 

of the Materials Manager in the MO. If structural over-forecasting in the Demand Review is measured, 

an action plan can be built to improve the process efficiency and effectiveness. 
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Pre-S&OP 

Subsequently, the pre-S&OP meeting takes place in order to have clear understanding about the possible 

scenarios related to Net Requirements and capacities. Additionally, stock projections are made to compare 

the overall company’s service objectives with respect to target stock levels. Moreover, the most related 

and important KPIs (e.g. Net Cost Productivity, Inventory Coverage Logistics) are calculated to adequately 

assess and support the production plan. Thereafter, a monthly production plan per production line is 

proposed which is used as the base line during the actual S&OP meeting.   

 

S&OP Meeting 

Considering different scenario possibilities, the S&OP Meeting is all about finalizing the monthly supply 

plan per production line. Decisions are made to form the action plan for the upcoming month. The 

outcomes of the S&OP Meeting are subsequently translated and communicated to all related 

stakeholders.  The output of the S&OP Meeting mainly relates to the planning of what needs when to be 

produced in which amounts. The subsequent execution process, MPS, converts this information into how 

the production patterns should look like in order to fulfill the needs efficiently. 

 

 
 
Figure 3-4: Supply / Operations Planning activities 

 

The Supply & Operations Planning has the following properties:  

 
Frequency:  monthly cycle 

Time horizon:    12 months rolling horizon in monthly buckets   

Input:   SFI consensus forecast; net requirements; stock levels; production capacity bandwidths 

Unit Detail:   available production capacity in hours for production lines per plant 

Transformation: production capacity in hours is disaggregated to production quantities: 

S&OP:   
  

SFI quantities per production line are translated into capacity requirements for S&OP in hours. 
Vice versa, the agreed upon monthly production line capacities in hours are disaggregated to 
rough-cut quantities for all products belonging to the coherent production line. 

MPS monthly:  the agreed-upon monthly production capacity is disaggregated and converted from 
production lines in hours to cluster groups in quantities. 

 
Table 3-2: characteristics of Supply / Operations Planning 
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3.3.3 Master Production Scheduling Monthly 

 

Monthly Production Planning 

The agreed upon monthly production plan is disaggregated into weekly buckets by the system. This is done 

in production hours for at least a time horizon of 3 months, depending on the plant. Additionally, the 

system disaggregates the weekly hours per production line per setup group, in order to define the capacity 

load per setup group in a balanced matter.  

 

Setup of Production Pattern 

This next sub-process concerned in monthly MPS is to build the production patterns according to the 

defined capacity load per setup group for the different weeks. The goal is to build this production pattern 

in such a way that efficiency and workload stability are maintained. Note that this is done in capacity in 

hours per setup groups, not on item level.  

 

Feedback and Material Requirements Planning 

Thereafter, feedback is provided to support future decision-making, addressing main issues and successes. 

In addition, the MRP is communicated to the component suppliers, translating the planned production 

quantities from the Net Requirements into component requirements. In addition, for long lead-time 

products/suppliers, component/raw material replenishment orders are released. 

 

 
Figure 3-5: MPS Monthly activities 

PMS Takeaways: 

 

The Capacity Preview initiates the (pre-) S&OP Meeting. The Capacity Preview is subject to machine 

down times and work floor absence. A factor that reflects the aggregate percentage of available 

operational equipment is often used. However, as one can imagine, the (monthly; yearly) aggregate 

may be stable, whereas the factor variance in daily operations is often very high.  

 During the S&OP meeting, scenarios are discussed to identify a stable, efficient production 

plan. Decisions relate to, i.e.: emergency shipments; hiring additional flex-workers; the number of 

shifts; or pre-production plans. It is important to acknowledge that the S&OP meeting seeks the most 

effective scenario as an action, not a reaction. Hence, the costs of emergency shipments, flex-workers, 

shifts and pre-production must be measured against the plan; not as standalone performance 

indicators only.   
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The MPS Monthly has the following properties: 

 
Frequency:  monthly cycle 

Time horizon:    12 weeks in weekly buckets; next month (M+1) frozen 

Input:   S&OP monthly volumes, planned capacity set-up, planning calendars and working days 

Unit Detail:   
  

M+1 constrained MPS quantities per setup group; M+2 and M+3 volume constrained in a 
bandwidth 

Transformation: disaggregation from monthly buckets to weekly buckets; disaggregation from production line 
capacity in hours to setup group items in quantities. 

 
Table 3-3: characteristics of MPS Monthly 

 

 

3.3.4 Master Production Scheduling Weekly 

 

Check Actual versus Planned Production of the previous week 

On a weekly basis, the planned production is compared to the actual production and a root cause analysis 

is performed to understand any deviations from the initial plan. In addition, potential production delays 

are identified, next to other potential issues related to the availability of the supply stream. 

 

Check Net Requirements Development 

Also, the Net Requirements development is reviewed. A root cause analysis is conducted for instability of 

the patterns. As with S&OP it is thrived to attain stability in demand/production patterns, this is 

subsequently communicated to relevant stakeholders in order to construct adequate action plans.  

 

Weekly Production Planning & Materials Requirement Planning 

The weekly production planning is generated using cross-line optimization and sequence-dependent 

setups are considered. In this process step, production items are considered. The quantities and required 

end-dates are considered. The constraints of the assigned hours to the setup groups may not be violated. 

It is a process that deals with consensus as quantities, dates and capacities cannot be aligned in the same 

optimality solutions. In addition, orders for the required short lead time components are created. The 

weekly planning is communicated to the plants, in order to support the scheduling processes in the means 

of capacity and shift planning for Factory Scheduling. Factory Scheduling is not considered S&OP, and 

therefore out of scope. 

PMS Takeaways: 

 

The MPS Monthly is about capacity allocations to the setup groups within a production line. From 

monthly capacities, disaggregation is applied to generate the weekly capacity buckets. MPS monthly 

initially generates stable weekly buckets, but it is of interest to see how stable the weekly buckets are 

actually operated. 
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Figure 3-6: MPS weekly activities 

 

The MPS Weekly has the following properties: 

 
Frequency:  weekly cycle 

Time horizon:    next week (w+1) in a weekly bucket that is the frozen period 

Input:   MPS monthly quantities; production patterns; corrective actions from former cycle 

Unit Detail:   material level 

Transformation: MPS weekly buckets are disaggregated to daily buckets in Factory Scheduling 

Table 3-4: characteristics of MPS Weekly 

 

 

3.3.5 Distribution Planning 

 

The Distribution Planning is subdivided into Allocation Management & Order Release and the Distribution 

Forecast. Allocation Management & Order Release in particular directly reflects the Customer Service 

Performance Indicators for SCP.  

 

Allocation Management & Order Release 

The Allocation & Order Release sub-processes and activities are provided in Figure 3-7. Based on the 

allocation snapshot that was generated from the Net Requirements, allocations are loaded and released. 

It is of importance to acknowledge that through performing this process, demand uncertainty is 

transformed into somewhat “deterministic” demands. In practice, it is thus far observed that the allocated 

replenishment orders serve a certain lower bound for the actual replenishment orders. The methods 

Allocation and Fair Share, deployed in case of inventory shortage, are applied as follows: 

PMS Takeaways: 

 

As stated, MPS Weekly deals with consensus: Net Requirements and capacity utilization cannot be 

optimized in the same solution. The efficiency of this consensus is thus of major importance in 

evaluating S&OP: capacity utilization and capacity / end-date requirements should be reflected upon 

as a plan indicator. Further, in identifying plan adherence, the rate of On Time Production must be 

measured to evaluate plant performance. In measuring On Time Production, it is essential that the 

central plan does not change during the week as measuring against the original plan is required.  
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- Allocation 

Based on the allocations in weekly buckets, monthly consumption is attained to be maintained in 

a balanced manner. Considering the two weeks before and after the current week, decisions are 

made whether or not to deploy replenishment order that exceed the allocated weekly amount. 

The decisions consider stock levels and the actual demands of other customers against the 

allocated amount. 

 

- Fair Share 

Fair Share is applied to equally distribute the demand when the total sum of demand of customers 

exceeds the inventory levels, resulting in Out of Stock (OOS) situations. Fair Share is applied on a 

daily basis, and deploys demand equally over the customer’s demand percentage.  

 

Note that in both descriptions, only the situations in which demand > stock/allocation are considered. 

However, structural overestimation of forecasts in the Demand Review may result in high excesses of 

inventories. At the time of writing, HILTI has not conceptualized fair share in case of excess inventories. In 

practice, HILTI stresses to never had the experience to deal with this issue. Discussions reveal that an 

inventory push to the MOs is not the solution for HILTI in light of Obsolescence. It would be better to keep 

the inventories upstream in the supply chain in the HAG to better respond to actual demands. On the other 

hand, HILTI does consider an inventory push to customers as a control mechanism to attain rational 

Demand Reviews that support global corporate health. All decisions made with regards to allocation and 

fair share thus deal with human interaction and decision-making. Each situation is different, that needs 

careful consideration of what logic/rationality to apply. As the outcome of this process directly reflects the 

order reliability towards the (end-) customer, performance analysis is an explicit sub-process within the 

Distribution Planning.  

 

 
Figure 3-7: Allocation & Order Release activities 

 

The Allocation & Order Release has the following properties: 

 
Frequency:  monthly allocation snapshot, updated weekly based on actual deployments 

Time horizon:    12 weeks 

Input:   allocation snapshot; deviations between forecast and allocation of week w-j ,where j = 1,2,3… 

Unit Detail:   material level 

Transformation: monthly allocations are disaggregated into weekly buckets  

Table 3-5: characteristics of Allocation & Order Release 
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Distribution Forecast – AS-WILL-BE 

At the time of writing, the distribution forecast is not yet conceptualized. A project is being conducted to 

design the distribution forecast process and to define the methodologies. As it does not yet exist, it is not 

covered in this paper as an existing process. However, implications for PMS following the new envisioned 

Distribution Forecast processes are considered.  

 

3.4 Make to Stock or Make to Order  

 

One needs to understand strategy type that is used to fulfill customers’ demands. HILTI uses two strategies 

when it comes to replenishments from plants or warehouses to (end-) customers: Make to Stock (MTS); 

and Make to Order (MTO) following Just-in-Time (JIT) production/transportation processes. Only when 

these aspects are understood correctly, PMS can be designed effectively. HILTI applies both the strategies 

MTO & MTS, which depend on the product line and customer relation: 

 

- MTO: the customer places an order in advance; production starts the amount of lead time-days 

before the requested delivery date. Strategic decisions for pre-production are always considered. 

- MTS: when a customer places an order, products are delivered directly from stock if possible. If 

this is not possible, a Backorder (BO) is created. 

 

In short, the current measurement system captures both strategies. The difference is in the Level of Service 

(LoS) which relates to the standard promised lead time. This aspect is discussed more extensively in §4.2. 

PMS Takeaways: 

 

With the allocation process, production is based on “deterministic” demand as the demand uncertainty 

is transformed into allocated replenishment orders for production in weekly buckets. Hence, the 

product availability on allocated replenishment orders should be 100%, if on time production were 

100%. In practice, many aspects can interfere, but it is a good measure to determine the S&OP 

efficiency. Further, the allocated replenishment orders and the actual incoming replenishment orders 

will never completely correspond. Hence, allocation accuracy provides insight in the accuracy of the 

Net Requirements Snapshot. Further, as Fair Share is conducted, line fill rates will be zero for all order 

lines on which Fair Share is performed. Product Availability on replenishment orders should not be 

included in the new PMS as a line fill rate, but as a volume fill rate.       

PMS Takeaways: 

 

The goal of the Distribution Forecast is to provide a heuristic that optimizes transporting capacity with 

distribution costs. In Distribution Planning, consensus may occur to postpone a delivery to support full 

truckload capacity. Hence, warehousing performance, product availability and this transportation 

consensus are interrelated. 
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4. AS-IS Analysis - Current Measurement Concept 
 

This chapter provides an overview of performance indicators that are currently in use for evaluation 
purposes. Current PMS relates to SCP, as a specific S&OP PMS does not yet exist. The chapter is subdivided 
based on processes and activities: Supply Chain Effectiveness; Sales & Replenishment Order Reliability; 
and Operational Costs. For each subdivision, performance indicators are provided in tables with brief 
descriptions explaining how, when & where the performance indicator is measured. For relevance 
purposes, this chapter only outlines the most relevant performance indicators currently in use to report 
SCP in light of S&OP. 
 

4.1 Supply Chain Effectiveness 

 

Table 4-1 provides an overview of the performance indicators representing the SCP related to 

effectiveness. Effectiveness is a broad concept and in this context, it relates to the performance measures 

that are not covered in in the sections Sales & Replenishment Order Reliability and Operational Costs for 

the ease of reporting purposes. Inventory levels, time- & cost perspectives and the forecast quality are 

considered.  

 

Performance Indicator Description 

Forecast Accuracy  
WMAPE/Bias 

Measures the accuracy of the forecast model. It relates the forecast to the actual demand 
rates afterwards in the means of Weighted Mean Absolute Percentage Error and the bias. 

Throughput Measures the amount of processed items in a given time period. It relates to the amount 
of time needed to add value to the item.  

Lead Time Measures the expected/average time needed between the release of the order until the 
order delivery.  

Warehouse Productivity Measures the productivity of inbound and outbound activities in lines per hour. 

Warehouse Shipment 
Performance (WSP) 

Warehousing accuracy related to inbound and outbound activities. It is measured at 
vendor location in percentage of delivery lines. It is monitored and evaluated daily. 

Obsolescence  Measures the relative outdating of products and it is based on classes relating to the life 
cycle of the item.  

Inventory Coverage Logistics 
(ICL) -  ICLa & ICLe 

Monitors the daily average stock at the actual transfer price, related to the average daily 
consumption of the stock on a monthly basis.   

Costs of  Emergency Shipments Based on stock outs and customer demands, emergency shipments are delivered by air 
freight. This is measured in both number of shipments and monetary value. 

Operational Equipment 
Effectiveness (OEE) 

Measured as the percentage of the equipment availability due to unforeseen machine 
downtimes and uncovered employee sick-leaves.  

Table 4-1: overview of current PI related to supply chain efficiency 

 

Most measures are standard SCM measures and don’t need extensive discussion for clarification. 

However, the Inventory Coverage Logistics for “end-customer inventories” and “all inventories”, 

Obsolescence and Operational Equipment Effectiveness need proper reporting principles. These measures 

are important measures related to S&OP performance measurement. Hence, the current reporting 

principles by HILTI are discussed as follows: 
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- ICLe/a: 

𝐼𝐶𝐿𝑥 −1 =  
𝐴𝐼𝑉𝑥−1

(∑ 𝐿𝐶𝑉𝑥−𝑖)/66
𝑖=1

 ∗ 30,  

 

𝑤𝑖𝑡ℎ  

𝐴𝐼𝑉𝑥−1:  𝐴𝑣𝑒𝑟𝑎𝑔𝑒  𝐼𝑛𝑣𝑒𝑛𝑡𝑜𝑟𝑦 𝑉𝑎𝑙𝑢𝑒 𝑀𝑜𝑛𝑡ℎ 𝑥 − 1  

𝐿𝐶𝑉𝑥−1:  𝐿𝑜𝑔𝑖𝑠𝑡𝑖𝑐𝑠 𝐶𝑜𝑛𝑠𝑢𝑚𝑝𝑡𝑖𝑜𝑛 𝑉𝑎𝑙𝑢𝑒 𝑀𝑜𝑛𝑡ℎ 𝑥 −  𝑖 

 

Note that the standard formula for inventory days on hand, by HILTI referred to as ICL, entails the 

costs of goods sold of month x-1 in the denominator. HILTI defined the denominator as the average 

of the costs of goods sold over the past 6 months for stabilized estimations. However, this 

estimation is based on the assumption that there are no seasonality patterns between months.  

   

- Obsolescence: 

Class Inventory Turnover Rate Percentage 
1 12 months on hand or less 

Rate ≥ 1.0 
0 

2 Between 12 and 24 months on hand 
0.5 ≤ Rate < 1.0 

25 

3 Between 24 and 48 months on hand 
0.25 ≤ Rate < 0.5 

50 

4 More than 48 months on hand 
0.0 ≤ Rate < 0.25  

75 

5 Exception from being subject to classes 1-4 or class 6 obsolescence criteria for a 
maximum of 12 months from date of first storage. After 12 months from date of first 
storage, inventory is subject to classes 1-4 or class 6 obsolescence criteria. 

0 

6 Demonstration tools which are intended to be sold to customers: 
12 months on hand or less, 
Rate ≥ 1.0 
Between 12 and 18 months on hand, 
0.67 ≤ Rate < 1.0 
More than 18 months on hand, 
0.0 ≤ Rate < 0.67 

 
0 
 
50 
 
100 

 Table 4-2: Obsolescence HILTI 

Note that Table 4-2 is provided by HILTI, and assumed as a given for this research. Numbers are 

based on lifetime distributions, which have not been evaluated during this research.  

 

- O.E.E.: 

 

Currently, HILTI uses O.E.E. out of the scientific context, as O.E.E. is a function of Availability, 

Performance and Quality. In the current setting, HILTI calculates the O.E.E. solely based on 

operational hours, hence availability. HILTI does this in order to provide the capacity preview to 

the central planning functions before the S&OP meetings take place. Further calculations do take 

the performance and quality of the operational hours into account during the pre-S&OP meeting. 

Hence, it is concluded that the way the capacity preview is configured is adequate, but should not 

be referred to as O.E.E. as for HILTI it only entails availability.  
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4.2 Sales & Replenishment Order Reliability  

 

Table 4-3 provides an overview of the performance indicators that are currently used related to 

replenishment & sales order reliability. The performance indicators mainly relate to fill rates and delivery 

reliabilities. Most of the measures are the responsibility of the Materials Management in the MO and 

Export team in the GLD. Supporting figures are provided in Appendix E. Figure E-8 provides a general 

overview, whereas Figure E-9 & Figure E-10 provide more detailed indications for replenishment and sales 

orders, respectively.  

 

Performance Indicator Description 

Product Availability (PA) 
Replenishment  

Fraction of items available at the time of order release related to replenishment orders 
for the Market Organizations. Measured at production plant and allied supplier per order 
line. 

Flexibility Receipt (FXr) 
Replenishment 

Measures the percentage of order lines for which the actual receipt date does not exceed 
the planned goods receipt date. Measured at the RDC in the Market Organizations. 

Deployment Fill Rate (DFR) 
Replenishment 

Measures the availability of the items and monitors the deployment. It is measured at the 
vendor location in percentage of the quantity requested. 

Availability to Standard (ATS) 
End Customer  

Measures the fraction of items available at the time of order release related to sales 
orders by the customer.  

Customer Perfect Order 
internal (CPOi) - End Customer 

Measures the reliability of the goods issue date related to the initial Plan.  It is measured 
on order lines. Note that CPOi can still be achieved when ATS fails. 

On Time Arrival (OTA) 
On Time Arrival 2 (OTA2) 
Replenishment 

Measures the reliability of the initial/final Plan related to the confirmed goods receipt 
dates at the RDC in the Market Organization. It is used to monitor delays and reflects the 
supplier, carrier and warehouse performance.   

On Time Delivery (OTD) 
Replenishment 

Measures the percentage of order-lines that have been delivered on time. It refers to both 
replenishment and sales orders.    

Carrier Reliability (CR) Measures the reliability of the carrier by measuring the fraction of the orders delayed by 
the carrier. 

Table 4-3: overview of current PI related to replenishment & sales reliability 

 

As can be obtained from Table 4-3, PA, DFR and ATS relate to fill rates. FXr, OTA, OTA2 and OTD relate to 

on-time deliveries. The CPOi relates to on-time outbound creation in the WH or DH. Hence, note that the 

link between CPOi and on-time delivery is the Carrier Reliability (C.R.). The difference between these 

measures is the date at which they are measured, which is visualized in Figure E-8: 

 

- Level of Service (LoS); 
the standard lead time for the orders entered in the system. As discussed before, these dates differ for MTO and MTS. 

- initial Plan (iPlan); and  
for every order entered in the system, a delivery plan is created: the initial plan. 

- final Plan (fPlan).  
only when iPlan could not be met, a new, final plan is considered as an update to the customer. 

 

It is stressed that defining performance indicators of customer service this way supports cause-effect 

analysis throughout the supply chain, but complexity increases significantly. Using too many indicators 

leads to ineffective PMS (Cecere et al., 2009). In reflecting S&OP performance, it is determined to only 

evaluate PA, FXr, ATS and CPOi. These measures relate to fill rates and on time deliveries/outbound 

creations for both replenishment orders and sales orders against the LoS. DFR, OTA, OTA2 and OTD may 

still be measured to serve thorough supply chain performance analysis, but they are not considered 

relevant for S&OP performance evaluation.       
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4.3 Operational Costs 

 

Table 4-4 provides an overview of the performance indicators related to production costs. HILTI operates 

using cost centers in their systems. The related cost aspects come from the total product cost structure 

(HK, Herstellkosten), that consists of several cost aspects. Note that Net Cost Productivity (NCP) and 

Production Unit Contribution (PUC) are comprehensive in the means that considering only one of the 

aspects does not provide you with sufficient insight. PUC strongly relates to Return On Investment, but is 

an absolute value, not a rate.  

 

Performance Indicator Description 

Net Cost Productivity (NCP) 
 

Yearly measure that calculates the growth in sales volume relative to the growth in cost 
volume with respect to last year’s cost productivity in production plants. 

Production Unit Contribution 
(PUC) 

Measures the sales volume minus all production costs incurred in the plant. Note that 
direct material prices from suppliers are part of the cost structure. 

Material Overhead (MOH) Relates to all costs (wages) incurred for managing the materials. Note that MOH does not 
consider the direct material price from the supplier.  

Production Overhead (POH) Relates to all costs (wages) incurred for managing the production units.  

Production Costs (PROD) Is the sum of all direct costs for the production of the items, i.e:. machine depreciation 
and operational wages. 

Delivery Costs Is the sum off all expenses related to the delivery of internal and external 
sales/replenishments given a certain time period. 

Table 4-4: overview of current PI related to operational costs 

 

Return on Investment (R.O.I) is often used as an important cost-measure related to SCM. However, as 

S&OP, nor SCM have influence on material costs and sales values, the R.O.I. has a restricted means of 

reflecting on S&OP performance. HILTI currently works with Net Cost Productivity, which reflects on the 

development of the production costs per year. It relates the current production costs (MOH + POH + MOH) 

per unit with last period’s production costs per unit. A conceptual example of the NCP is provided in Table 

E-6 in Appendix E, as this concept is not a well-known scientific approach.  

 

4.4 Implications of the PMS Status Quo 

 

In the PMS status quo, SCP predominates the current PMS focus. S&OP provides optimal solutions for 

supply/operations processes based on sales forecasts with demand uncertainties in the environment. On 

an aggregate level, adhering to the plan is assumed worth to strive for, as sophisticated optimization 

heuristics are applied. In case of deterministic demands, a plan would yield optimality. It is of essence to 

stress that due to demand volatility, plans based on forecasts are never optimal in reality. In the process, 

flexibility is needed to deviate from the plan when this is required for real life demands. Hence, in 

measuring the performance of S&OP, it is key to acknowledge the inevitableness of plan deviations. Plan 

deviation does not implicitly incur that S&OP does not perform well, but it reflects the short-term flexibility 

to react upon the unpredictable environment. It is therefore of interest to understand the structure that 

supports plan adherence; the ability and willingness to stick to the plan. Plan adherence, next to SCP 

supports in understanding the performance of S&OP and future decision-making in the S&OP processes.  

 With regards to the Literature Review, the current measurement concept does not perform well. 

The incorporated measures are standalone measures without holistic process orientation, nor does it 

enable systems thinking. In addition, with the introduction of S&OP, cross-functionalities in the process 



25 
 

need to be covered with the right measures. Moreover, as one concludes from the current PMS, plan 

adherence is not supported. With the PMS Takeaways, requirements for the PMS are defined that serve 

to identify Plan Adherence. A drill-down is needed that enables the identification of cause-effect relations 

in a structural framework. Table 4-5 visualizes the performance of the current measurement concept with 

respect to the PMS requirements identified in the Literature Review. 

Requirement Literature Reference Positioning 

Process-Based Approach Chan & Qi (2003); Hulthén et al. (2016)  

Systems Thinking Caplice & Sheffi (1995); In ‘t Veld et al. (2010) X 

Cross-Functionality Thomé et al. (2012); Keal and Hebert (2010) X 

Balanced Approach Gunsekaran et al. (2004); De Toni & Tonchia (2001)  

Pushing Measures Down Bourne et al. (2000); Mettänen (2005) X 

Plan Adherence Hulthén et al., 2016  X 

Table 4-5: performance of the PMS status quo 

 

Furthermore, HILTI acknowledges the effect of lost sales on performance measures. It is important to 

understand that ignoring the lost sales rate serves certain performance manipulation. However, HILTI does 

not know to what extent lost sales have an impact, and how to address the issue. The estimation of the 

impact is a rather easy concept: the percentage of sales in HILTI Stores is roughly estimated to be 16 %, 

which serves the only contributing factor to lost sales. With a varying percentage of lost sales in the HILTI 

Stores, visualizations are provided in Appendix E: Figure E-11 refers to the sensitivity of lost sales on the 

ATS, whereas Figure E-12 & Figure E-13 refer to the sensitivity of lost sales on the wMAPE. The effects have 

been visualized and are considered irrelevant for performance measurement. Further studies may outline 

methods to account for lost sales, but for now the issue is left out of scope.    

 The next chapter first introduces one of the central aspects throughout this research: Plan 

Adherence. With S&OP, focus is on the design of a plan that supports effective operational executions. 

Only by understanding plan adherence from a process-based point of view and cause-effect relations, 

effective PMS can be designed. Related to plan adherence is Demand Volatility, which serves a second 

central aspect during this research. With S&OP, stabilized processes serve effectiveness throughout the 

supply chain, but demand volatility may harm the match between demand and supply.  
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5. The S&OP Framework  
 

This chapter describes the design of the framework that was developed during this research. The identified 
metrics that reflect S&OP performance are: Flexibility; Reliability; Stability; Transparency; Plan Adherence; 
and Supply Chain Performance. The current Chapter explains why these metrics have been identified as 
the key metrics for S&OP. Subsequently, the framework is addressed to the HILTI Case Study to identify an 
updated set of (key) performance indicators for HILTI.   
 
5.1 The Emphasis on Planning 

 

This research considers Sales & Operations Planning. Supply Chain Performance indicators directly reflect 

the operational executions, but when the operations do not adhere to the plan, SCP indicators do not 

reflect S&OP. This implies in essence that the current PMS is ineffective in measuring S&OP performance; 

taking a close look at the current performance indicators in use, one concludes that plan adherence is not 

measured at all. In order to measure the performance of S&OP, cause-effect relations need to be 

structured in such a way that plan adherence is not only measured, but as well understood. For 

initialization, this is represented by Figure 5-1.     

  

 
 
Figure 5-1: conceptualization of the impact of plan adherence on the relation S&OP - SCP 

 

There is no direct link between S&OP and SCP. Only through operations, SCP may reflect on S&OP 

dependent on the level of plan adherence. This is the reason why plan adherence and the related 

explaining metrics Transparency, Flexibility, Stability and Reliability are visualized as a block between S&OP 

and SCP. Plan adherence serves as a gate function between S&OP and operations. Only through that gate, 

S&OP and SCP are connected. In the Literature Review, it was concluded that frameworks for SCP are often 

structured based on the functions Plan; Source; Make; and Deliver (Gunasekaran et al., 2004; Stewart, 

1995). In this context, Plan relates to S&OP. The function plan considers all activities related to Demand 

Forecasting & Aligning Replenishments and Production & Distribution Schedules in order to support 
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efficiency throughout the supply chain. A plan has an impact on all functions and activities that are 

considered. With the centralized S&OP process, the function plan has complete involvement throughout 

the entire end-to-end supply chain and is of cross-departmental responsibilities. Currently, there is 

misalignment between existing frameworks like the SCOR-model and Table B-3 by Gunasekaran et al. 

(2004) with S&OP. Such frameworks seem to be developed for decentralized decision-making in which the 

transition plan – operations is more transparent. 

 

5.2 The Framework Metrics Dictionary 

 

In essence, S&OP provides the production schedules to the production plants. In turn, MRP and 

Distribution Planning are supported that enable efficient production/distribution processes. As the 

calculated Net Requirements represent the envisioned optimal inventory policies subject to demand 

uncertainty, adhering to the production schedule affects service levels and inventory investments. When 

manufacturing plants over- or under produce against plan, either the service level or inventory investment 

is adversely affected with respect to the production schedules. B. H. Maskell (1991) describes in his book 

that schedule/plan adherence for world class manufacturing is a key performance metric that cannot be 

considered on its own: “A world class manufacturer stresses the continuous reduction of cycle times and 

inventories. As these objectives begin to be achieved, the issue of schedule adherence becomes important. 

The broad definition of quality within a world class manufacturing environment is the elimination of 

variation in the product and in the process; schedule adherence is a method of measuring one aspect of 

quality in the production process.” The identification of performance metrics relates to the development 

of a Metrics Dictionary (MD), described by Lohman et al. (2003).  As was stated before, the four metrics 

that capture plan adherence are Flexibility, Stability, Transparency and Reliability. For each of these 

metrics, descriptions related to S&OP in terms of what, why and how these metrics are obtained in the 

MD are as follows:  

 

- Flexibility 

Brill & Mandelbaum (1990) define flexibility in manufacturing in terms of how well a 

function/activity responds when faced with a set of tasks to be performed. Flexibility defines the 

set of possibilities that can be applied to perform the tasks. Flexibility must be seen from two 

perspectives: flexibility to be able to adhere to the schedule (mid-term flexibility); and flexibility 

to deviate from the plan (short-term flexibility). Both are an essential aspect within S&OP, as 

demand volatility cannot be planned for. The mid-term flexibility relates to the responsiveness 

that enables plan adherence, whilst short-term flexibility reacts upon last-minute demand 

volatility that was not captured in the plan. 

 

- Transparency 

Communication, and with that the transparency of the plan, is essential for a plan to be executed 

the way it was designed. In effective S&OP, transparency can be seen as implicit to the process: to 

a high extent, stakeholders are involved during decision-making process. As the entire end-to-end 

supply chain is considered with S&OP, transparency is an important metric to consider, even 

though S&OP is designed to ensure transparency. From MRP for raw material suppliers to Vessel 

scheduling for 3PLs: transparency ensures efficient S&OP processes.  
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- Stability 

With S&OP, it is attained to maintain stability in the production and distribution schedules to 

enhance process efficiency and effectiveness. This is the reason why stability is an important 

metric to reflect upon demand, production, and distribution fluctuations. The higher the stability 

in the processes, the more predictably and effectively the process-related activities can be 

performed. Stability can be measured by the coefficients of variation (CVs) related to demand, 

MRP, Net Requirements and MPS.  

 

- Reliability 

Both the plan and coherent process functions are required to be reliable in order to adhere to the 

plan. The entire S&OP is initialized by Sales Planning, providing consensus forecasts on item levels. 

If the forecast accuracy is low, then deliberate decisions during the operations to deviate from the 

initial plan (short-term flexibility) may serve for the better. As the plan is conducted well in 

advance, updated “knowledge” related to the demand uncertainty may induce that plan 

deviations yield a higher SCP. Hence, the willingness to adhere to the plan is captured in the plan 

reliability by the means of the forecast accuracy. On the other hand, the ability to adhere to the 

plan is subject to the availability of capacity and materials. Instances of capacity and material 

reliability are related to raw material availability, transportation vessel availability, and operational 

equipment effectiveness.     

 

As may be clear from these descriptions, the stated metrics do not only influence plan adherence; there is 

certain interrelatedness between the metrics. Reciprocal impacts have not been studied before, as this 

research forms the initial conceptualization of these metrics into a model. Hypothetical relations are 

depicted in the cause-effect diagram visualized in Figure 5-2. The next descriptions provide supporting 

information about how the hypothetical relations have been formed in low-level perspectives related to 

S&OP: 

  

Hypothesis 5.1 || Plan Adherence has a positive impact on SCP. 
  

This hypothesis is formulated according to the means and objectives of S&OP: provide a plan that is 

essentially based on optimization heuristics given the sales forecast. Demand uncertainty indicates that 

the plan does not yield optimality in practice, but well-performed S&OP – adhered to in the operational 

execution – is assumed to have a positive impact on SCP. 

 

Hypothesis 5.2 || mid-term Flexibility, Reliability, Transparency and Stability have a positive effect on 
Plan Adherence. 

 

This is implicit with the definitions of the metrics to structure the framework for S&OP. In the descriptions 

the way they are formalized, Hypothesis 5.2 is well supported. 

 

Hypothesis 5.3 || Shot-term flexibility has a direct, positive influence on SCP. 
 

Because of the demand uncertainty, production schedules should always consider flexibility to react upon 

high demand fluctuations. Other than mid-term flexibility to adhere to the plan, short-term flexibility 

allows for plan deviation that serves SCP directly.  
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Figure 5-2: cause-effect diagram of the performance metrics related to S&OP 

 

Hypothesis 5.4 || Flexibility has a positive influence on Reliability. 
 

Flexibility defines the set of possibilities that can be applied to perform the tasks, referring to process- and 

plan flexibility to react to unexpected circumstances.  

 

Hypothesis 5.5 || Transparency has a positive influence on Reliability. 
 

If stakeholder-communications are adequate (transparency), raw materials and transportation capacity 

are provided according to the schedule (reliability).  

 

Hypothesis 5.6 || Stability has a positive influence on Transparency. 
 

The variations in the production/distribution patterns define the accuracy of the information that was 

communicated. If there are high fluctuations in the patterns, the accuracy of the communicated plans may 

decrease.  

 

Hypothesis 5.7 || Stability has a positive influence on Reliability. 
 

The variations in the production/distribution patterns enable repetition and with that, reliability is 

enhanced. 

 

Hypothesis 5.8 || Reliability has a positive influence on Stability. 
 

Forecast accuracy defines the stability in the production patterns in the sense of required plan deviations 

(short-term flexibility). S&OP delivers a stable schedule, but operations may follow patterns with high 

fluctuations due to changes in Net Requirements during the process.  
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5.3 The Generic Framework 

 

The framework, Table 5-1, is built around the three levels defined in the MD from Figure 5-2. The Level-1 

metric relates to the outcome, SCP; Level 2 captures the Plan Adherence; and Level 3 reflects upon the 

ability and willingness towards plan adherence. The Strategic, Tactical and Operational levels support for 

Pushing Measures Down: a function in the design process within PMS to address the performances 

indicators and accordingly steer the processes in the right hierarchical level of management within the 

organization. The performance indicators that are recorded in the framework are identified using the 6 

metrics and by following the process-based approach, represented in Figure 5-3. For now, the indicators 

are only stated; the what, why and how are discussed in Appendix F and Chapter 6.  

 
 Level-3 Metrics Level-2 Metric Level-1 Metric 

 Flexibility Stability / 
Transparency 

Reliability Plan Adherence SC Performance 

Strategic Costs of Emergency 
Shipments 

CV of End-customer 
Demands 

wMAPE: Stat. Fcst, 
Dem. Rev., Cons. Fcst. 

wMAPE on Allocation 
Accuracy 

Total Manufacturing Cost 

Inventory Coverage 

   Bias: Stat. Fcst, Dem. 
Rev., Cons. Fcst. 

 ATS 

CPOi 

Tactical Shift Effectiveness CV of Production 
Patterns 

Cross-functionality N.R. 
vs Distribution 

On Time Production Obsolescence 

Additional Shifts CV of Net 
Requirements 

Cross-functionality N.R. 
vs Production Schedule 

pre-production Setup Time Occupation 

 # of Flex-workers CV of Material 
Requirements 

Carrier & Supplier 
Reliability, WSP 

Product Availability on 
Allocated Repl. Orders 

PA 

FXr 

Operational Capacity Utilization 
Levelling  

Information Availability Op. Equipment 
Effectiveness 

# of re-scheduled 
production orders 

Plant Employee 
Productivity 

Component Availability Actual vs planned 
production hours 

Tact Rates 

Table 5-1: general framework for S&OP 

 

The strength of this framework is that it provides clarity in what metrics the performance indicators relate 

to and how performance can be traced down to meaningful cause-effects and managerial levels. It 

enhances the so-called systems thinking, identified as an important aspect in the Literature Review. Of 

main interest is the SCP: it directly reflects process efficiency and effectiveness as SCP indicates how 

customers and shareholders assess the operations. Hence, focus should not be distracted from the SCP, 

the level-1 metric. The way the framework should be read is as follows:  

 

The next subsection provides the performance indicators from an S&OP process point of view. This 

process-based approach is an addition to the framework to support the identification of process-related 

performance indicators. Moreover, structural feedback is supported related to the coherent sub-process 

within S&OP. 

Level-3 Metrics Level-2 Metric Level-1 Metric Strategic 

Tactical 

Operational 

The cause-effect between level 2 & 3 metrics indicates the impacts 

that the level-3 metrics have on Plan Adherence. This way, one can 

understand the effects and steer focus during the S&OP process. 

The relation between Plan Adherence and Supply Chain 

Performance is explained from the level-2 to level-1 metric. Note 

that the effects are in opposite direction of reading the framework. 

Aggregation merges into a drill-

down: the strategic level 

reflects upon S&OP on an 

aggregated level, whereas the 

operational level enables full 

drill-downs on low-level 

measures in the supply chain 

that enables the cause-effect 

analysis. 
 



31 
 

5.3.1 The S&OP Process Overview 

 

As discussed in the Literature Summary in Chapter 2, Neely (1998) suggests effectiveness and efficiency as 

the key perspectives for SCP. Effectiveness refers to the extent to which customer requirements are met, 

while efficiency relates to how economically the organization’s resources are utilized when providing a 

given level of customer satisfaction. Kaplan & Norton (1996) recorded the effectiveness and efficiency 

aspects in the well-known Balanced Scorecard system. Hulthén et al. (2016) also used these aspects in 

their framework for which an adjusted version is provided in Figure 5-3. 

 

  
 
Figure 5-3: framework by Hulthén et al. (2016) adjusted  

Figure 5-3 visualizes the process-based approach (i.e.: Chan & Qi, 2003; Caplice & Sheffi, 1995). The 

performance indicators are related to the coherent sub-processes within S&OP. The process-based 

approach enables step-by-step identification of process-related performance indicators. This supports the 

definition of the complete set of performance indicators to be recorded in the framework. 

 

5.4 Framework Requirements 

 

Table 5-2 provides a summary of how well the framework performs with regards to the requirements for 

S&OP-PMS that were identified during the Literature Review. Referring to Table 4-5, projected 

improvements with respect to the HILTI PMS status quo are obvious: 

 

Requirement Literature Reference Positioning Report Reference 

Process-Based Approach Chan & Qi (2003); Hulthén et al. (2016) 
 

Figure 5-3 

Systems Thinking Caplice & Sheffi (1995); In ‘t Veld et al. (2010) 
 

Table 5-1  

Cross-Functionality Thomé et al. (2012); Keal and Hebert (2010) 
 

Table 5-1  

Balanced Approach Gunsekaran et al. (2004); De Toni & Tonchia 
(2001) 

 
Not explicit, but considered 
with the SCP KPI 

Pushing Measures Down Bourne et al. (2000); Mettänen (2005) 
 

Table 5-1 

Plan Adherence Hulthén et al., 2016   
Table 5-1 

Table 5-2: summary of the framework requirements 
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6. Implementation: Reporting Principles  
 
In addition to the general context regarding the performance indicators in Appendix F, the global standards 
for reporting principles in this case study are outlined. §6.1 focusses on the practical decisions and the 
theoretical formula for the measures. The current status related to HILTI is provided, relating to the 
implementation effort and importance. In addition, an effort-importance matrix is provided in §6.1.1 to 
support the implementation process. Subsequently, §6.2 conceptualizes the design of the performance 
evaluation sessions with the drill-down dimensions in §6.2.1. 
 

6.1 Reporting Principles 

 

For each performance indicator that is obtained in Table 5-1, the following aspects are structurally 

provided: current status; importance; implementation effort; the related metric; managerial level; the 

formula; reporting; and manipulation opportunities. In addition if required, tolerance ranges and other 

constructing information may be provided. Note that performance manipulation is in any case at stake if 

a person enters data different from reality in the system. Irrational behavior is not considered; 

performance manipulation relates to gaming opportunities to make the actual data look better. The 

reporting principles, provided in Appendix G, are defined in collaboration with HILTI S&OP experts during 

individual meetings and interactive workshops. 

 

6.1.1 Implementation Priority Matrix  

 

lo
w

 

 # of flex-workers 
information avilability 
# of re-schedules 
 

  

Im
p

o
rtan

ce 
# of additional shifts 
capacity utilization leveling 
cross-functionality  
(net Requirements vs production schedules) 
(Distribution plan vs allocation) 

actual vs planned production hours 

coefficient of variation  
(customer sales orders; net requirements; 
production patterns; material requirements) 

component availability 
shift effectiveness 
tact rates 

 
h

ig
h

 

customer service  
carrier reilability 
Warehouse Shipment Performance 
setup time occupation 
costs of emergency shipments 

TMC 
wMAPE on allocated replenishment orders 

OTP 
pre-prod 
OEE 

PA on allocated replenishment orders 

 

low Effort high 
 
Table 6-1: effort-importance implementation matrix 
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Table 6-1 is read from bottom to top; from high to low importance. Indicators in the lower row should 

retain priority during the implementation process. Note that the performance indicators that do not 

require any implementation effort are not stated in this matrix.    

   

6.2 Feedback Design  

 

S&OP meetings require focus and attention, essentials that may be at stake using a too comprehensive 

and diffuse set of performance indicators. Here it is stressed that the framework is designed to enable 

systems thinking effectively; this does not entail that feedback sessions should cover all dimensions. With 

the Sales Planning, Capacity Preview; the S&OP Meeting; and Distribution Planning as the major S&OP 

processes, a focused set of performance indicators for each type of meeting is as follows: 

 

- Sales Planning: 

CV of end-customer sales; and wMAPE & Bias both on the Statistical Forecast, Demand Review 

and Consensus Forecast.  
Related to the environment, forecast accuracy is measured on the three different forecasts to identify the performance 

development with respect to varying responsibilities. Opportunities for drill-downs on item- and MO-level are available 

for thorough performance analysis. 

 

- Capacity Preview: 

On Time Production; pre-production; Operational Equipment Effectiveness; Setup Time 

Occupation; Component Availability; employee productivity; Capacity Utilization Levelling; Shift 

Effectiveness; Additional Shift hours; tact rates and planned vs actual production hours. 
Exceptions handling and monthly feedback sessions on the Capacity Preview should reflect the operational capacity’s 

availability. With these measures, cause-effects on operational level are lined out to reflect upon plan adherence.  

 

- S&OP Meeting: 

Costs of Emergency Shipments; CV of end-customer sales orders; wMAPE & Bias Consensus FCST 

lag 1, wMAPE Allocated Replenishment Orders lag 1; Cross-functionalities; Product Availability on 

both Actual and Allocated Replenishment Orders; On Time Production; Operational Equipment 

Effectiveness; Available to Service; and Inventory Coverage Logistics. 
Following systems thinking and a process-based approach, supply scenario’s are supported to a much higher extent. 

Performance analysis in this stage of the process must be performed  extensively. Not only on monthly level, but as well 

weekly level, correlations between indicators can be analyzed that serve S&OP decision-making. Note that the processes 

pre-S&OP Meeting, S&OP Meeting and MPS are covered with the S&OP Performance Evaluation session. 

 

- Distribution Planning: 

Cross-functionality Distribution Planning vs Allocation; Carrier Reliability; Warehouse Shipment 

Performance; Inventory Coverage Logistics; Product Availability; Flexibility Receipt; Available to 

Service; and Customer Perfect Order internal. 
Smooth operational executions of the plan highly rely on the performances of carriers and warehouses. The Carrier 

Reliability and Warehouse Shipment Performance are used to periodically reflect upon carrier and warehouse 

performance and to perform exceptions handling when performance is insufficient during the process. The cause-effects 

of the Distribution process are considered with the Supply Chain Performances with respect to Customer Service and 

Inventory Holding.  
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As stated before, attention must not be drawn away from the SCP; the way customers and shareholders 

observe the corporate performance. In showing results, Total Manufacturing Costs, ATS, CPOi and 

Inventory Coverage Logistics serve as the Key Performance Indicators for the overall supply chain 

performance on aggregate level. The Total Manufacturing Costs vary over plants as the number of 

employees and operational hours vary with the process setup. For that, there is no global good, moderate 

or bad performance. For the same reasons, the TMC should not be aggregated over production plants.  

 

6.2.1 Drill-down Dimensions 

 

On high levels of aggregation, conclusions are not supported in cause-effect analyses: high and low 

performances cancel each other out. To support meaningful cause-effect analyses, adequate levels of drill-

downs are predefined as follows: 

 

- Market Organization: 

A drill-down to compare customer service levels, inventory holding, forecast accuracies and 

emergency shipments all over the world in the clustered Market organizations. Varying lead times 

and sales order patterns stand at the core of essential differences in levels of performance. 

 

- Plant/Production Unit/Setup Group: 

HILTI operates in manufacturing plants all over the world. Because of cultural differences, but as 

well process setups and the goods produced, levels of performance vary among plants. 

Furthermore, as Materials Managers in the Market Organizations are responsible for the Demand 

Review on Setup Group level, relevant performance evaluations with respect to the Forecast Bias 

are enabled. 

 

- Time Horizon: 

Sales Planning, S&OP Meetings and Master Production Scheduling Monthly are conducted 

monthly, while MPS  Weekly and Distribution Planning are conducted on a weekly basis. Especially 

in the Capacity Preview and the Distribution Planning Performance Evaluation sessions, analyzing 

the weekly patterns support better process understandings in weekly developments. For Sales 

Planning and the S&OP Meeting Performance Evaluation Sessions, analyzing the monthly buckets 

is more adequate as the forecast accuracies and customer service levels are recorded monthly.   
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7. Case Study Results 
 

Data analyses is performed on the data from Production Plant P1E (Schaan, Liechtenstein) and Plant P6D 

(Kaufering, Germany). All products that are produced in the manufacturing plants are further analyzed 

towards the Market Organization US (United States, long lead-time) and DE (Germany, short lead-time): 
 

HILTT factories
P1 & P6

HILTI
stores & vans

RDC / DC

MO
DE

Customer

HILTI
stores & vans

RDC / DC

MO
US

Customer

Suppliers

Central warehouses

 
Figure 7-1: data analysis setup 

This setup is chosen as only these manufacturing plants have gone live with the S&OP process. Data 

analysis is performed by extracting the data from the SAP system and re-calculating the performance 

indicators coherent to the defined reporting principles. Data analysis is restricted as SAP queries do not 

exist for all performance indicators recorded in the framework. Manual data extraction provides data from 

only Plant P1 on a small subset of performance indicators in addition.   

 

7.1 Performance Analysis  

 

First, a conceptual framework example is provided in §7.1.1. The subsequent three paragraphs relate to 
the feedback sessions in which Distribution Planning is left out of scope because of insufficient data 
availability. §7.1.5 outlines the Supply Chain KPI. Data analysis is even further restricted because of the 
very recent go-lives in February, April and May 2017. Available time horizon: October 2016 – June 2017.  
 

7.1.1 The Framework 

 

The drill-down in the conceptual framework example of Figure 7-2 is run on Production Unit P1E, Setup 

Group MX3 and shipments towards the Market Organization DE2. Corresponding Period: March 17. 

Navigation over the monthly time horizon is enabled, for which the run time is negligible. The setup of the 

framework supports in correlation analysis in enabling the drill-downs: 

 

- Aggregate 
Captures all items to all Market Organizations involved. On this level, cause-effects relations are not supported; it can 

only be used to represent aggregate company performances. 

- Market Organization 

captures all items to only one particular Market Organization. Segmentation of the Market organizations supports 

understanding of customer services and inventory holding policies in varying supply chain environments. 

                                                           
2 Part of the indicators are manually processed with fictional data as data queries do not yet exist for all performance indicators 
recorded in the framework.  
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- Plant / Production Unit 
captures only the items that are produced in that Plant / Production Unit, or even further drilled down to a setup group. 

In addition, single Market Organizations can be selected for a more specified drill down. On this level, cause-effect 

relations enable full understanding of the company’s performances on an entire systems thinking perspective.   

 

A drill-down on item level is ineffective as performances vary significantly on these levels and operational/ 

tactical performances are often measured on setup group levels.   

 

 
Figure 7-2: Excel VBA framework 

  

Appendix H summarizes the identified performance ranges for the performance indicators considered in 

the framework, Table 5-1 and Figure 7-2. Performance ranges are based on workshop discussions, historic 

data analysis and literature. Performance indicators are provided with a color3 to represent the 

performances good (green), moderate (orange) and bad (red). Linear Regression Modelling is just one 

instance of methodologies that can be applied for additional data analysis on cause-effect relations. In 

Figure 7-2, the holistic process and supply chain perspectives are considered. A conceptual example of 

conclusions that can be drawn and how management should use these results is as follows: 

 

- Start with observing the Level-1 metric; the Supply Chain Performance. It is concluded that Product 

Availability is low, but is not subsequently translated into a low Available to Service. This is because 

inventories are kept more downstream in the supply chain: ICLa is much lower than the ICLe. 

Customer service levels are retained high, costs in inventory holding and obsolescence are high. 

- By observing the Plan Adherence, it is structurally determined why the Product Availability was 

low: On Time Production was very low, with almost zero pre-productions. The Allocation Snapshot 

on which the production schedules were based was very accurate, which together serves a low 

Product Availability with respect to the allocation snapshot. 

- The level-3 metrics are consulted to determine the cause-effects on the On Time Production: the 

Operational Equipment Effectiveness was low because of a problem with the Component 

Availability. Material Requirements remained very stable and there were no Information 

Availability issues. It is concluded that the Component Availability problem is at the supplier’s side. 

                                                           
3 Note that certain performance indicators are not indicated by a color to represent the performances good, moderate or bad: # 
of flex-workers and re-scheduled production orders, shift effectiveness, costs of emergency shipments and information availability 
are not defined as good, moderate of bad.  
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7.1.2 Sales Planning 

 

The wMAPE and Bias (lag 1) on the Statistical, Materials and Consensus Forecast are provided with respect 

to the Coefficient of Variation of end-customer sales orders. The latter performance indicator is calculated 

on a monthly level with a time horizon of 3 months. For graphic visualization purposes, the value is 

multiplied by a factor 100. As the Excel Tool enables all levels of drill-downs, performances are not 

reflected individually; performances can structurally be compared. This enables better understanding of 

varying performances throughout different Market Organizations on different item groups. The aggregate 

results are provided first to initiate performance references:  Figure 7-3 shows that the wMAPE on both 

the Statistical and Consensus Forecast4 slightly fluctuates around 28%.  

 

 
Figure 7-3: Bias & wMAPE w.r.t. the CV of sales orders, aggregated 

 

On aggregate level, this indicates that the forecast accuracy is high as the wMAPE target value is globally 

around 30%. A good forecast bias fluctuates around zero with a small amplitude as positives and negatives 

cancel each other out ; the graphed bias on both the Statistical and Consensus Forecast supports the issue 

highlighted in §3.3.1: Materials Management in the Market Organizations uses the Demand Review to 

increase the Materials Forecast compared to the Statistical Forecast. This is not the only concern: after the 

operational go-live of the central forecasting hub in Manchester in February 2017, the Statistical Forecast 

is strictly negatively biased. Graphing the Coefficient of Variation on end-customer sales orders supports 

initial understanding about the demand uncertainty, the “forecastability” of end-customer sales orders.  

  

 
Figure 7-4: Bias & wMAPE w.r.t. the CV of sales orders, MO US 

                                                           
4 The Materials Forecast is left out of the graphs for clear visualization purposes. The Materials and Consensus Forecast overlap: 
the SFI apparently does not bring substantial changes w.r.t. to the Materials Forecast.  
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Figure 7-5: Bias & wMAPE w.r.t. the CV of sales orders, MO DE 
 

Figure 7-4 and Figure 7-5 show the results of drill-downs on Market Organizational level. It is concluded 

that the wMAPE on both the Statistical and Consensus Forecasts regarding the MO US strictly outperforms 

the MO DE. In causalities, this is due to less predictable sales order patterns in the MO DE: a CV of 0.4 (MO 

DE) against a CV of 0.3 (MO US). The graphed biases indicate that after the Manchester go-live in February 

2017, the bias on the Consensus Forecast is strictly higher than the Statistical Forecast on both drilled-

down MO levels. Figure 7-6 indicates that P1 is concerned with a higher variance in sales order patterns 

than P6. This is reflected in the wMAPE on the Consensus Forecast accordingly. A drill-down on plant / PU 

level like Figure 7-6 is relevant for further cause-effect analysis in the S&OP Meeting: P1 is more likely to 

be concerned with higher safety stocks and pooling inventories more upstream in the network.  
 

 
Figure 7-6: Bias & wMAPE w.r.t. the CV of sales orders, plant P1 vs P6 

 

Causality analysis is extended by a drill-down on setup group levels, graphed in Figure 7-7 & Figure 7-8. 

The bias on the Consensus Forecast is strictly positive and higher than the bias on the Statistical Forecast, 

regardless of the bias of the Statistical Forecast.    

 

 
Figure 7-7: Bias & wMAPE w.r.t. the CV of sales orders, PU P1M, setup group HST2, MO DE 
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Figure 7-8: Bias & wMAPE w.r.t. the CV of sales orders, PU P1E, setup group MX3, MO DE 

 

Only considering high levels of aggregation is ineffective for performance measurement, especially in 

analyzing cause-effect relations from a process-based point of view. The Sales Planning Performance 

Evaluation Meeting must accordingly cover relevant drill-downs, which enables better decision-making 

throughout the entire S&OP process.  

 

7.1.3 Capacity Preview 

 

On Time Production, pre-production, Operational Equipment Effectiveness, component availability, shift 

effectiveness, additional shift hours, capacity utilization levelling, tact rates, planned vs actual production 

hours and the number of re-schedules are not recorded in the SAP system in existing queries. This 

jeopardizes the entire concept of systems thinking and hence the application of this research’s framework. 

For P1 and P6, On Time Production is reported manually. The results indicate a stable OTP of 75% for P6 

and a fluctuating average OTP of 35% for P1. One cannot draw conclusions from these results as there is 

no comparison at the time of writing; the plants apply different reporting principles. An interesting finding 

in analyzing the OTP of P1, is that the OTP follows a wave pattern around zero. A visual representation of 

part of the data is provided in Figure 7-9. Note that production orders for P1 are in high quantity volumes; 

production orders occasionally take up to 8 hours. One can learn from such figures the scheduling response 

times in reacting upon pre- and post-production: shifts are added or scrapped depending on the type of 

exception. It is observed from Figure 7-9 that post-production, the negative time deviation, is faster 

reacted upon than pre-production through shift re-scheduling.        

  

 
Figure 7-9: OTP time deviation development  

 

In the status quo, the Operational Equipment Effectiveness only relates to tact rates and the availability 

related to machine down times and work floor absence. Hence, Setup Time Occupation is not considered 

in the O.E.E. status quo, nor is the scrap rate. For P1E and P1M, the manual O.E.E. report is provided in 
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Figure 7-10. In light of the right reporting principles, the O.E.E. is expected to increase as setup times and 

tact rates are expected to improve. Figure 7-10 does not indicate an increased O.E.E. with the S&OP 

process, but again: Setup Time Occupation is not considered. The Setup Time Occupation is visualized in 

Figure 7-11. After HIP implementation from February 2017 onwards, it is concluded that the cumulative 

setup time per operational hour decreased. This holds that the HIP project results in an operational success 

due to more effective production scheduling.   

 

 
Figure 7-10: O.E.E. status quo results on P1E & P1M 

 

 
Figure 7-11: Setup Time Occupation P1 

 

The Employee Productivity is provided in Figure 7-12. The graph indicates a steady increase in Employee 

Productivity on both P1E & P1M after the HIP go-live. However, an important side note is that P1E operated 

on a new type of machine as of February 2017. Hence, the increased employee productivity is not an 

isolated HIP effect on P1E.  

 

 
Figure 7-12: Employee Productivity P1  
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7.1.4 S&OP Meeting 

 

The S&OP Meeting Performance Evaluation stands at the core purpose of the holistic view of systems 

thinking and the process-based approach. Data analysis on all kinds of drill-down levels indicate causality 

relations throughout the entire supply chain. Despite the great opportunities of such analyses, the S&OP 

Meeting Performance Evaluation is restricted at the time writing: data queries exist for this PI subset only 

on the wMAPE & Bias on Consensus Forecast, CV of end-customer sales orders, PA, ICL and ATS.  
  

 
Figure 7-13: S&OP Performance Evaluation aggregate  
 

Figure 7-13 initiates reference material for the performances on aggregated level. It is concluded that on 

aggregate level, the HIP project does not reflect the desired results: an increase of the ICL and slightly 

decreased customer service levels5. To define causalities of these results, plan adherence must be analyzed 

and performances drilled-down to MO and plant / PU / setup group levels. However, Plan Adherence is 

not supported in the PMS status quo. 
 

 
Figure 7-14: S&OP Performance Evaluation MO US 
 

 
Figure 7-15: S&OP Performance Evaluation MO DE  

                                                           
5 The development on the ATS is better visualized in Figure 7-17. 
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Figure 7-14 & Figure 7-15 show the S&OP Meeting Performances on an MO drill-down. Regarding the 

performance indicators ICL, ATS & PA: MO DE is outperformed by MO US. The ATS and PA are both slightly 

lower for MO DE, and both the ICLe and ICLa higher. Another interesting finding is that for MO DE, the 

difference between the ICLe and ICLa is structurally smaller. This is explained with inventory pooling: in 

case of less predictable sales order patterns at the end-customer’s side, inventories are kept more 

upstream in the supply chain to better react to the demand uncertainty. Hence, the ICLa increases while 

the ICLe decreases. The effects of inventory pooling can as well be observed from the PA and ATS: the 

difference between the PA and ATS is larger for the MO US. Following the same reasoning as before, 

inventories are kept more downstream in the supply chain. This is supported in the graph by a larger 

difference between the ICLe and ICLa for MO US. Now, in causality analysis, results are better understood 

as the MO US has a more accurate forecast. The wMAPE is strictly lower for MO US, and both MOs have a 

slightly positive bias. Causality relation for the forecast accuracy is tracked back to the Coefficient of 

Variation of end-customer sales orders. However, as the replenishment lead times for the MO US is 

significantly greater, one might rethink about the findings. It is actually unexpected that, despite the better 

predictability of sales orders for MO US, the ICL is greater for MO DE as safety stock calculations are a 

function of the lead time. On plant / PU / setup group levels, cause-effects on the full S&OP KPI subset will 

result in even deeper understandings of S&OP performances.  

 

7.1.5 Supply Chain Performance 

 

Customers and shareholders obtain company performances on the Supply Chain KPI: Total Manufacturing 

Costs, Available to Service, Customer Perfect Order and Inventory Coverage Logistics. On all 4 Supply Chain 

KPI, data is available from June 2016 onwards. For that, data analysis is performed on the time horizon 

June 2016 – June 2017:  

 

- Total Manufacturing Costs, Figure 7-16: 

Production plant 1 has a higher Total Manufacturing Cost than production plant 6. This does not 

indicate that plant 1 is scheduled more effectively. Manufacturing costs are subject to the process 

setups, type of products manufactured and the amounts of produced goods. In the development 

over the time horizon, one cannot conclude that the TMC decreased as a result of the HIP go-live 

in February 2017. The increased employee productivity due to lower Setup Time Occupations and 

increased tact rates6 are simply not representative due to other cost-related factors.   

 

 
Figure 7-16: TMC P1 & P6 

 

                                                           
6 There is no existing data on the tact rates. The observation of increased tact rates comes from the work floor in manufacturing 
plant P1. 
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- Available to Service, Figure 7-17: 

The graph shows that the ATS dropped with 1% on average after the HIP go-live. Both the MOs DE 

and US show these results. This is not reflecting on HIP positively. However, as structural data 

analysis on the holistic perspectives of systems thinking is not yet enabled, one cannot draw 

conclusions with respect to S&OP as the dimensions of plan adherence are not analyzed. 
 

 
Figure 7-17: ATS aggregate & MO drill-down 
 

- Customer Perfect Order internal, Figure 7-18: 

The graph shows that the CPOi did not really change after the HIP go-live. The CPOi is the measure 

that directly reflects customer satisfaction, but is less representable for cause-effect analysis.  
 

 
Figure 7-18: CPOi aggregate & MO drill-down 

 

- Inventory Coverage Logistics, Figure 7-19: 

The graph illustrates that the Inventory Coverage Logistics increases by 20% on average after the 

HIP go-live. Both the MOs DE and US show these results as well, though the MO DE shows a smaller 

impact. These results do not reflect HIP positively, but performances have fluctuated over the time 

horizon. Again, as structural data analysis on the holistic perspectives of systems thinking is not 

yet enabled, one cannot draw conclusions with respect to S&OP. 

  

 
Figure 7-19: ICLa & ICLe aggregate & MO drill-down 
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8. Conclusions & Recommendations 
 

8.1 Research Conclusions 

 

The core conclusion is that the HILTI PMS status quo is ineffective and must be reconsidered. With the 

transformation to a centralized S&OP process, the transition plan – operations is not supported in the 

status quo as it is now of cross-departmental responsibility. The why and how for a PMS update are 

obtained by structurally answering the Research Questions stated in Chapter 1: 

 

Sub - Question 1 || What is the HILTI PMS status quo? 
 

The current design of the HILTI PMS is a set of standalone performance indicators, with the core focus on 

Supply Chain Performance: Net Cost Productivity (NCP); Customer Perfect Order internal (CPOi); Available 

to Service (ATS); and Inventory Coverage Logistics (ICL). This core focus seems rigid, as shareholders and 

customers observe the company from these perspectives and the focused set retains an equal emphasis 

on cost- and non-cost measures. The complete set of performance indicators further consists out of typical 

process-based supply chain measures, without a defined structure or clustering. The HILTI PMS status quo 

is defined ineffective with regards to the structural analysis of cause-effects throughout the supply chain, 

known as systems thinking. Moreover, not all reporting principles adhere to global standards and some 

are ineffective in measuring the performance indicators.    

 

Sub - Question 2 || What essential changes were implicit with the transformation to a centralized 
S&OP process? 

   

The essential process change is that with the S&OP process, the transition plan – operations is not 

supported in the status quo as it is now of cross-departmental responsibility. Without effective PMS, 

successes and difficulties related to this transition are not understood, resulting in low levels of process 

support and development. 

 

Sub - Question 3 || What are the general, core essentials for effective PMS? 
 

The core essentials for effective PMS are: a process-based approach; systems thinking; cross-functionality; 

a balanced approach; pushing measures down.  

 

Sub - Question 4 || What are the core dimensions and metrics for effective PMS in S&OP processes? 
 

In measuring Supply Chain Performance in an S&OP process environment, understanding about Plan 

Adherence is essential as Plan Adherence cannot be considered on its own. The S&OP-metrics are: Supply 

Chain Performance (Level 1); Plan Adherence (Level 2); Reliability (Level 3); Transparency (Level 3); Stability 

(Level 3); and Flexibility (Level 3). Strategic, Tactical and Operational level indicators relate to the concepts 

of hierarchical performance measurement.  
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Sub - Question 5 || What are the (K)PI for HILTI? 
 

All performance indicators for HILTI are recorded in Table 5-1.  Depending on the purpose of performance 

evaluation, two different subsets of KPI are identified: SCP KPI; and S&OP KPI. Attention must not be drawn 

away from Supply Chain Performance; the way end-customers and shareholders observe HILTI’s corporate 

performances. To reflect upon the S&OP process, a different subset of KPI must be applied to enable 

systems thinking from a process-based point of view. Hence, the different subsets of KPI are as follows:  

 

- The SCP-KPI subset:  

Total Manufacturing Costs; Customer Perfect Order internal; Available to Service; and Inventory 

Coverage Logistics. 

- The S&OP-KPI subset:  

Costs of Emergency Shipments; CV of end-customer sales orders; wMAPE & Bias Consensus FCST 

lag 1, wMAPE Allocated Replenishment Orders lag 1; Cross-functionalities; Product Availability on 

both Actual and Allocated Replenishment Orders; On Time Production; Operational Equipment 

Effectiveness; Available to Service; and Inventory Coverage Logistics. 

 

Sub - Question 6 || What are the reporting principles for the performance indicators related to S&OP? 
 

Reporting principles must be  defined for every single performance indicator that is recorded in the PMS. 

For PMS to be effective, these reporting principles must adhere to global standards. The entire set of 

reporting principles is provided in Chapter 6. In the status quo, not all reporting principles adhere to global 

standards and some are ineffective in measuring the performance indicators.    

 

Sub - Question 7 || How to perform data analysis to provide clarity about the success of the HIP project 
and S&OP performance? 

 

In the feedback design, the Sales Planning, Capacity Preview, S&OP Meeting and Distribution Planning each 

contain their own set of performance indicators that are used to evaluate performances with a controlled 

focus. The Sales Planning, Capacity Preview and Distribution Planning maintain focus on single aspects of 

S&OP, whereas the S&OP Meeting applies the holistic perspectives of systems thinking following a process-

based approach by applying the S&OP-KPI. With the drill-down dimensions Market Organization; 

plant/PU/setup group; and time horizon in months/weeks, cause-effect analysis can be thoroughly 

supported to link S&OP effectiveness with corporate excellence, the Supply Chain Performance. 

 When it comes to the isolated success of the HIP project, performance indicators that stand at the 

core of the HIP transformations provide the answers. The conducted case study only concludes that the 

employee productivity increased, and setup time occupations decreased. Further results, with a less 

isolated S&OP influence, conclude that performances on the ATS and ICL decreased. These are interesting 

findings, but the core purpose of the framework cannot yet be applied: to enable the holistic perspectives 

of systems thinking, all system’s elements must be operational. Statistical analysis is very restricted at the 

time of writing as SAP queries do not yet exist for a substantial amount of performance indicators recorded 

in the framework.  

 

  



46 
 

8.2 Management Recommendations  

 

A framework is developed that supports the identification and clustering of performance indicators that 

serves the cause-effect analysis. Using that framework, a comprehensive set of performance indicators is 

identified that forms the Performance Measurement System. For the entire set, global standards for 

reporting principles are defined by conducting workshops with related HILTI S&OP experts and consulting 

scientific articles. With respect to the HILTI status quo, time and effort is needed before the designed PMS 

is operational. For implementation purposes, the next recommendations are listed to support the process: 

 

Recommendation 1 || Update the PMS status quo according to the framework. 
 

As it is concluded, the HILTI PMS status quo is ineffective in measuring Supply Chain Performance in an 

S&OP process. With the implementation of the framework, performance analysis is enabled from the 

holistic perspectives of systems thinking following a process-based approach.  

 

Recommendation 2 || Bring the Customer Service Level measures back to the core essentials. 
 

The status quo in customer service relates to 11 performance indicators: Fill Rates and On Time Deliveries 

on Sales and Replenishment orders, measured at the Level of Service, Initial Plan and Final Plan. Although 

it enables thorough analysis throughout the supply chain, customer service levels should be scaled down 

to retain focus on the ATS, CPOi, PA and FXr.     

 

Recommendation 3 || Conduct additional workshops and involve the IT Department to create the data 
queries. 

 

The SAP system design and the different S&OP process steps together make it a complex implementation 

process for which additional workshops are required. Systematic designing and implementing the 

performance indicators following the implementation matrix from Table 6-1 serves as the red thread for 

an efficient exertion. The IT department must be involved during the workshops to define the design of 

the data queries efficiently. 

 

Recommendation 4 || Use the provided Excel Tool and integrate it with SAP data queries. 
 

The developed Excel Tool is a good starting point for further PMS development and implementation. Once 

all data queries are running in the SAP system, the tool can be further extended with SAP integration to 

ease up and standardize the performance analysis process. 

 

Recommendation 5 || Conduct S&OP Meeting Performance Analysis using the S&OP-KPI on carefully 
depicted levels of drill-downs. 

 

Only discussing isolated performances during S&OP Meeting holds that the core purpose of systems 

thinking and a process-based approach is not supported. An all-encompassing S&OP performance 

evaluation is required to enable greater levels of support for future supply scenario decision-making.      
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10. Appendices 
Appendix A 

 

 

Figure A-1: overview of production plants and joint ventures 

 

 

Figure A-2: organizational setup GLD, HILTI 
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Appendix B 

 

Metric Description 

Cost The financial expenses to carry out one event or activity. 

Time The time between the beginning and completion of one specific event or activity. 

Capacity The ability of one specific activity to fulfill a task or perform a required function. 

Capability A talent or ability of one activity to be used, treated or developed for the specific purposes and required 

functions.  

- Effectiveness The ability of one specific event or activity to achieve an intended or desired effect in performing the 

functions or taking the responsibilities. 

- Reliability The ability of one specific event or activity to perform a required function under stated conditions for a 

stated period of time. 

- Availability The ability to bring about effective or beneficial results for the degree to which one specific functional 

activity is ready when needed. 

- Flexibility The ability of one specific activity to adapt to the varying functional requirements or respond to the 

changes. 

Productivity The rate at one specific event or activity adds value at the cost of resources. 

Utilization The utilizing rate of the resources to carry out one specific activity. 

Outcome The results or value added of one specific activity or event. 

Table B-1: metrics board by Chan & Qi (2003)  

 

Attribute Level-1 metric Definition 

Reliability Perfect order fulfillment  The percentage of orders meeting delivery performance with complete and 
accurate documentation and no delivery damage. 

Responsiveness Order fulfillment cycle time The average actual cycle time consistently achieved to fulfill customer 
orders.  

Flexibility Upside SC flexibility The number of days to achieve an unplanned sustainable 20 percent 
increase in quantities delivered. 

 Upside SC adaptability The maximum sustainable percentage increase in quantity delivered that 
can be achieved in 30 days. 

 Downside SC adaptability The reduction in quantities ordered sustainable at 30 days prior to delivery 
with no inventory or cost penalties. 

Costs SCM cost The sum of the costs associated with the SCOR Level 2 processes to Plan, 
Source, Deliver, and Return 

 Cost of goods sold The cost associated with buying raw materials and producing finished 
goods.  

Assets Cash-to-cycle time The time it takes for an investment made to flow back into a company after 
it has been spent for raw materials 

 Return on SC fixed assets The return an organization receives on its invested capital in supply chain 
fixed assets. 

 Return on working capital The magnitude of investment relative to a corporation’s working capital 
position verses the revenue generated from a SC. 

Table B-2: SCOR-model framework for level-1 metrics 
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Figure B-3: S&OP framework by Hulthén et al., 2016  
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Table B-3: supply chain performance indicators framework by Gunasekaran et al. (2004)

Supply Chain 
Activity/Process 

Strategic Tactical Operational 

Plan Level of customer perceived value of product, 
Variances against budget, Order lead time, 
Information processing cost, Net profit Vs 
productivity ratio, Total cycle time, Total cash 
flow time, Product development cycle time 

Customer query time, Product development 
cycle time, Accuracy of forecasting techniques, 
Planning process cycle time, Order entry 
methods, Human resource productivity 

Order entry methods, Human resource 
productivity 

Source / Supplier delivery performance, supplier lead 
time against industry norm, supplier pricing 
against market, Efficiency of purchase order 
cycle time, Efficiency of cash flow method, 
Supplier booking in procedures 

Efficiency of purchase order cycle time, Supplier 
pricing against market 

Make/Assemble Range of products and services Percentage of defects, Cost per operation hour, 
Capacity utilization, Utilization of economic 
order quantity 

Percentage of Defects, Cost per operation hour, 
Human resource productivity index 

Deliver Flexibility of service system to meet customer 
needs, Effectiveness of enterprise distribution 
planning schedule 

Flexibility of service system to meet customer 
needs, Effectiveness of enterprise distribution 
planning schedule, Effectiveness of delivery 
invoice methods, Percentage of finished goods 
in transit, Delivery reliability performance 

Quality of delivered goods, On time delivery of 
goods, Effectiveness of delivery invoice 
methods, Number of faultless delivery notes 
invoiced, Percentage of urgent deliveries, 
Information richness in carrying out delivery, 
Delivery reliability performance 
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Appendix C 

 

The basic notation of business processes throughout this report is according to the IDEF0 method (NIST, 

1993). The main elements of this notation consist of processes, which are represented as boxes, and 

objects, which are represented by arrows. The arrows are defined as these four aspects: 

 

- Inputs 
The inputs represent the data elements that flow into the process and serve as the input to start the process. 

- Controls 
The controls represent factors that control the process in the form of e.g. budgets, requirements, and constraints. 

- Mechanisms 
The mechanisms are the support functions to carry out the process such as manual resources and system solutions. 

- Outputs 
The outputs represents the results of the process in the form of data or objects. 

 

Hence, a process transforms inputs into outputs using mechanisms while the processes are constrained 

by the controls as depicted in Figure C-4. 

 

 

 

 
 

Business 
Process

OutputsInputs

Mechanisms

Controls

 
 

 
Figure C-4: business processes according to IDEF0 by NIST, 1993
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The processes in red are directly related to S&OP. The black processes are execution phases that are initiated by S&OP and have an impact on the 

correlation between S&OP and supply chain performances. MPS weekly and Distribution Planning are referred to as a black box. Detailed IDEF0 

notations on these execution processes are provided in Figure C-6 & Figure C-7 as certain aspects of execution may be crucial for further analysis. 

 

Statistical Forecast Demand Review

SFI

Data Sales 
History
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Forecast 
Accuracy

Forecast 
Accuracy
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Forecasting 
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Net Requirements 
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Planner

SAP System

Reorder Policy 
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Inventory

Policy
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Pre-S&OP Meeting

S&OP Meeting
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Scalability
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per production line

Production 
Coach
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Coach
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Head

Current Planned 
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Allied Suppliers

Monthly Production 
Planning
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Distribution 
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Setup Production 
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Figure C-5: IDEF0 notation S&OP
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Figure C-6: IDEF0 notation MPS Weekly 
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Figure C-7: IDEF0 notation Distribution Planning 

 

Caption: recall that the process “distribution forecasting” within distribution planning  is not provided, as 

the process-design is not finished at the time of writing. For that, Figure C-7 only relates to Allocation 

Management & Order Fulfillment Process. 
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Appendix D 

 

 

 

 Nr.  Task  Responsibility 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 

 1  FCST Definition  Central Forecasting                     

 2  Materials Forecast  MM MO                     

 3  SFI  Log., Fin., Mark.                     

 4  Safety Stock, Min/Max  System                     

 5  Net Req. Allocation Snapshot  CP                     

 6  S&OP                      

 6.1  S&OP prep.: NR check  & h.l. proposal  CP                     

 6.2  S&OP preparation: Capacity Preview  Plant                     

 6.3  Pre-S&OP meeting  CP, Log. Coach, BU MM                     

 6.4  S&OP meeting  CP, BU, Plant                     

 6.5  Adjustments and Communication  CP                     

 7  Demand Preview to Allied Supplier  CP                     

 8  MPS                      

 8.1  Monthly production planning  CP                     

 8.2  Setup of production pattern M+1  Plant MM                     

 8.3  Mid-term planning feedback round  Plant MM, CP                     

 9  Distribution Planning  CP                     

Table D-4: S&OP monthly workflow 

 

 

 

Nr.  Task  Responsibility  Timing 1 2 3 4 5 

 1  Actual production check week-1 (month-1)  Plants MM       

 2  Net Requirements check and Exc. Man.  MO MM       

 3  MPS, Weekly production planning  CP  Wed. 12:00      

 4  Factory Scheduling         

 4.1  Feasibility check and confirmation to CP  Plants MM  Wed. 06:00      

 4.2  Resource Allocation  Plants MM  Thurs. 12:00      

 4.3  Factory Scheduling and update SAP prod. sched.  Plants MM  Thurs. 06:00      

 5  Distribution Planning         

 5.1  Deployment Calculation  CP, BU MM  Thurs. 23:59      

 5.2  Order Release  CP, BU MM       

 5.3  Order Confirmation  CP, BU MM       

 5.4  Further Exceptions Management  CP, BU MM       

      FCST Rel.   

Table D-5: S&OP weekly workflow  
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Appendix E 

 

 

 

 
Figure E-8: general overview of PI related to Sales & Replenishment 

 

 

 
Figure E-9: detailed overview of PI related to Replenishment 

 

 
Figure E-10: detailed overview of PI related to Sales 
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Net Cost productivity Calculation 

Plant Cost volume (Netcost) 800 CHF 

Quantity of finished material 100 Pieces 

Product cost for material 8.0 CHF/Piece 

Actual Quantity 100 Pieces 

Actual Cost Volume 1200 CHF 

- Absorption of standard product cost volume -800 CHF 

= Variances  400 CHF 

Actual Cost Year 1 1200 CHF 

Quantity 100 Pieces 

Standard cost for current year baseline 12.0 CHF/Piece 

 Year 1 Current year 

Standard Cost per Piece 8.0 12.0 

Actual Quantity 100 120 

 Standard Cost current year * 
actual quantity previous year 

Standard Cost current year * 
actual quantity current year 

Growth% 

Production Output Growth 1200 1440 20% 

Actual Cost Volume Growth 1200 1500 25% 

Net Cost Productivity -5% 

 

Table E-6: Net Cost Productivity conceptual example 
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Figure E-11: simulation of sensitivity lost sales on ATS 

 

 

 

 
Figure E-12: simulation of sensitivity lost sales on wMAPE (under forecast)  

 

 

 
Figure E-13: simulation of sensitivity lost sales on wMAPE (over forecast) 

 

 

The lost sales effect has been modelled for which the next variables are used in the calculation: sales; sales 

from stock; forecasted demand; % of sales in HS; and the bounds of the lost sales percentage.   
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Appendix F 

 

The framework provided in §5.3 contains performance indicators in a generic setting. This section contains 

information about every performance indicator in the framework: the generic definition; and the link to 

S&OP. How the performance indicator is measured is dependent on the setup and focus of the 

organization. Hence, this general description outlines the possible measures in terms of what and why, but 

it does not provide unique measurement principles.  

 

 SCP 

 

- Cost Productivity 

What: this is a measure that relates profits with assets. A well-known measure that relates to cost 

productivity is Return On Investment (ROI). Beamon (1999) defined ROI as the measure that 

calculates the profitability of an organization, generally given by the ratio of net profit to total 

assets.  

Link to S&OP: the purpose of S&OP is to efficiently steer production, warehousing and distribution. 

Cost-savings, next to maximizing sales with high service levels induces high cost productivity. Next 

to that, cost productivity is a direct measure of how the shareholders evaluate the business 

process effectiveness. However, dependent on the organization, material prices – both supply and 

retail – cannot be influenced directly with S&OP. As material prices often form a big aspect of the 

assets & profits, R.O.I. may not capture the effect of S&OP. It may be better to only look at the 

direct production costs – direct labor and overhead – that isolates the performance of S&OP. In 

literature, this is referred to as Total Manufacturing Costs (TMC). Hence, R.O.I. is an overall 

corporate measure, whereas TMC serves a more direct link with S&OP, but as well SCM in general. 

   

- Fill Rate 

What: Silver et al. (1998) defined the Fill Rate as the fraction of demand that can be met 

immediately from Inventories On Hand (IOH). It is one of the most commonly used performance 

indicators in inventory control. Fill rates can relate to replenishment orders, as well as to end-

customer sales orders. In the article of Larsen & Thorseston (2014), the different measurement 

concepts for fill rates are outlined extensively. In their research, Larsen & Thorseston define order 

line fill rates and volume fill rates. Dependent on the focus, applying the right measure needs 

careful consideration. The Order Line Fill Rate is measured as the percentage of order lines that 

were completely delivered from stock. The Volume Fill Rate is measured as the aggregate of the 

percentage of items that were directly delivered from stock. Larsen & Thorseston conclude that: 

when the focus is on end-customer sales orders, the Order Line Fill Rate is the right measure; when 

the focus is on replenishment orders in high quantity volumes, the Volume Fill Rate should be 

assessed.  This further supports in better cause-effect analysis: for replenishments from central 

warehouses it is important to what extent a replenishment order can be fulfilled that serves the 

line fill rate further downstream in the supply chain towards the end-customer. 

Link to S&OP: the fill rate is a direct measure of how the customer evaluates the business process. 

There are two types of orders: replenishment orders, and end-customer sales orders. For both 

types, the percentage of demand/orders lines that can be met directly from stock enables great 

insight in the effectiveness of the inventory policies applied.  
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- Inventory Coverage and Obsolescence 

What: inventory coverage relates to the average amount of days on hand (DOH) inventory items 

are on stock. DOH is defined as the number of days in the time period, divided by the inventory 

turnover that was calculated over that time period (often in months). Lee et al. (2015) defined 

inventory turnover as the ratio of a firm's cost of goods sold to its average inventory in the same 

period. Inventory Coverage strongly relates to inventory holding costs (Angerhofer & Angelides, 

2006). Inventory Coverage also has a direct relation with obsolescence, as obsolescence reflects 

the estimated depreciation of stock. The obsolescence estimate is needed in the balance sheets 

to account for inventories turning obsolete. The estimation is based on the lifetime distribution of 

the product, and often clustered as percentages related to DOH values.     

Link to S&OP: one of the objectives of S&OP is to minimize stock levels, which are expected to 

generate certain service levels. Minimizing stock levels is another description of minimizing DOH 

and hence obsolescence. The Safety Stock calculations that are conducted during the S&OP 

process directly reflect the inventory policies, having great impacts on the inventory coverage and 

obsolescence. 

 

- On Time Delivery 

What: On Time Delivery (OTD) indicates the fraction of order lines that were delivered on time 

(Beamon, 1999). Next to the fill rate, it reflects the transportation and warehousing reliability.  

Link to S&OP: just like the fill rate, OTD can be implemented to reflect on both the replenishment 

orders and the end-customer sales orders. 

 

- Setup Times 

What: the time needed to adjust equipment configurations in between production orders. Setup 

groups are constructed with comparable production characteristics that serve minimal setup 

times. 

Link to S&OP: with effective planning, setup times are kept at a minimum to attain effective 

resource utilization. 

 

- Employee Productivity and Tact Rates 

What: the effectiveness of employees and machinery in the operational functions.  

Link to S&OP: with standardized operations, repetition is enabled that enhances employee 

productivity and increases the speed, tact rates, at which the machines operate.  

 

 Plan Adherence 

 

- Allocation Accuracy 

What: measures the accuracy of the indication for the allocation process. Strongly relates to 

forecast accuracy, but reflects on S&OP from an applied perspective. It serves the cross-

functionality indication as forecasts are translated into Net Requirements snapshots, which are 

subsequently measured against the actual replenishment orders. 

Link to S&OP: as may be obvious, allocated replenishment orders - based on the Net Requirements 

snapshot that was initiated by the consensus forecast – do not always coincide with the actual 

replenishment orders created. The allocation of replenishment orders serves as an indication for 

the actual replenishment order deployment.  
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- On Time Production and pre-production 

What: this measure indicates the production schedule adherence. Both quantities and dates are 

considered. On Time Production is measured with constraints on pre- and post-production. Hence, 

it is of interest to find out what part of the failure percentage was due to pre-production as for 

pre-produced goods, outbound shipments can be created. 

Link to S&OP: MPS delivers the production schedule based on Capacity Previews and Net 

Requirements. It is important that reporting principles for On Time Production for S&OP and work 

floor performance differ due to re-scheduling operations related to component availability issues.  

 

- Fill Rate of Allocated Replenishment Orders 

What: relates to the fill rate as was described for SCP. 

Link to S&OP: with the Net Requirements snapshot, replenishment orders are allocated to the BUs. 

Allocation does not necessarily induce deployment; the product availability and on time delivery 

of the allocated replenishment orders may differ from the actual replenishment orders created.  

 

- # of re-Scheduled Production Orders 

What: the amount of re-schedules needed, which may hold a plan change or a plan deviation.  

Link to S&OP: If the central planner proposes a plan change – a week in advance, updating the w+1 

frozen MPS – it is considered a plan change, not a plan deviation. A plan deviation occurs when, 

during the operational week, re-scheduling is needed due to inability to adhere to the original 

schedule.  

 

- Planned vs Actual Production Hours 

What: the rate at which the actual production hours differ from the planned production hours. 

Link to S&OP: MPS provides the amount of allocated hours per setup group.  

 

 Reliability 

 

- Forecast Accuracy 

What: forecast accuracy has a central role in the planning function. Forecast accuracy indicates 

the reliability of the plan. The weighted Mean Absolute Percentage Error (wMAPE), Mean 

Percentage Error (MPE), and the Bias are the most commonly used forecast accuracy measures.    

Link to S&OP: the Sales Planning that conducts the consensus forecast initiates the entire Supply 

/ Operations Planning. Because of demand uncertainty in the environment, actual demands are 

not the same as what the MPS/MRP/Net Requirements Snapshots are based on. Hence, the 

forecast initiates all schedules, for which its accuracy influences SCP. 

 

- Carrier Reliability and Warehousing Performance 

What: relation between the fill rate and the on time deliveries. Warehousing Reliability matches 

the fill rate with on time deliveries, as does the carrier reliability. With these measures in place, 

bottlenecks and structural shortcomings can be identified that influence plan adherence. 

Link to S&OP: Distribution forecasting/planning provide schedules for Warehouses and Carriers to 

function efficiently. It depends on the communication and capacity/capability of these functions 

how reliable they are in order to support plan adherence. 
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- Component Availability 

What: production uses raw materials to manufacture the end-products. In order to produce, all 

critical raw materials are required. If raw materials are lacking, production cannot be initiated.  

Link to S&OP: the ability to adhere to the MPS, production plants are highly reliant on the 

availability of critical raw materials. Raw materials are planned through MRP and, reflecting on the 

supplier reliability next to the accuracy of MRP that was initiated by Sales Planning, Plan Adherence 

can be traced back to the root causalities.   

 

- Operational Equipment Effectiveness 

What: indicates the rate at which equipment is used in full capacity. That is why O.E.E. for a 

manufacturing plant is often defined as a function of operational machine hours.       

Link to S&OP: like Critical Component Availability, O.E.E. explains the ability to adhere to the 

production schedule. O.E.E. is a function of availability, quality and performance.  

 

- Cross-Functionality Net Requirements vs Production Schedules 

What: a measure to compare the plan between functionalities. Because of consensus during the 

decision-making process in S&OP meetings, demand and supply planning may differ substantially. 

Link to S&OP: production schedules are based on the Net Requirements. However, as decisions 

are made during the S&OP meeting considering the available capacities, stakeholders come to a 

consensus which holds for instance pre-production. 

 

- Cross-Functionality Distribution Planning and Allocation 

What: a measure to compare the plan between functionalities. Because of consensus in 

Distribution Planning to ship more efficiently in full truckloads, Planned Distributions and Planned 

Deployment (allocation) may differ.  

Link to S&OP: Distribution Planning is done based on day-to-day operations. With regards to 

truckload capacities, it may be decided to postpone a shipment to ensure full truckloads.  

 

 Transparency 

 

- Information Availability  

What: indicates the timeliness of the available information, next to the accuracy the information 

entails. It does not relate to the effectiveness of S&OP, but the efficiency of the process.   

Link to S&OP: a plan can only be executed when stakeholders are provided with the right 

information on time. Material requirements planning, production capacity planning, warehousing 

capacity planning and transportation capacity planning are instances that rely on information. MPS 

is conducted in direct collaboration with materials managers from the manufacturing plants, 

where information availability is implicit. However, in the current process setup, schedules are not 

communicated to warehouses and 3PLs to schedule their capacities. Carrier reliability and 

(warehouse) employee productivity are affected by the information availability. Information 

availability is also highly reliant on the stability of the production patterns and Net Requirements.     
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 Stability 

 

- Coefficient of Variation: 

What: the definition of the coefficient of variation (CV) is a measure of spread that describes the 

amount of variability relative to the mean (Aerts et al., 2015). It can be used instead of the standard 

deviation to compare the spread of data sets that have different units or different means. As 

production patterns, net requirements and end-customer sales orders all have different means on 

item levels, the CV is chosen as the measure to reflect upon plan- and environment stability.    

Link to S&OP: demand volatility is the main cause of supply not matching the demand. 

Corporations try to account for demand volatility with effective safety stocks, process flexibility 

and low lead-times. It depends on the magnitude of the variance how effective a corporation can 

manage its processes. The demand volatility at the end-customer’s side may be reflected in the 

variance of the Net Requirements. This is a function of the safety stocks in the Market 

Organizations. Coherently, variations in Net Requirements may impact the variation in the 

production patterns as well, leading to variations in material requirements. 

 

 Flexibility 

 

- Costs of Emergency Shipments & Number of flex-workers 

What: Emergency Shipments are a means to distribute items to the BUs or end-customers. The 

number of Emergency Shipments is an indication to reflect on the process efficiency and relates 

to the necessary, costly flexibility that is needed to meet certain service levels. Emergency 

Shipments relate to expensive air freights. 

What: next to Emergency Shipments, Flex-workers are a means to increase operational capacity 

to meet schedules that exceed capacity availability.  

- Link to S&OP: to meet service levels and satisfy important BUs and end-customers, emergency 

shipments can be applied, or flex-workers may be hired. During the S&OP scenario discussion, 

anticipative decisions for pre-production, hiring additional flex-workers or applying emergency 

shipments are made with great consideration. In general, Emergency Shipments are avoided in the 

plan, but may be applied as the last means to fulfill customer needs.   

 

- Shift Effectiveness and Additional Shifts 

What: relates to the effectiveness of shift utilization. 

Link to S&OP: S&OP schedules the manufacturing plant shifts according to the production patterns 

and net requirements. This measure relates to how effective the shifts are planned, and compares 

the plan with the actual utilized shifts.  

 

- Capacity Utilization Levelling 

What: measures the percentage of capacity utilized in the plan. 

Link to S&OP: During the levelling process, capacity may not be fully utilized in the plan. Hence, 

there is certain planning ineffectiveness that serves process flexibility in the means of a capacity 

buffer.        

 

  



67 
 

Appendix G 

 

Table G-7: reporting principles, Total Manufacturing Cost (TMC) 

 

KPI Customer Service (CPOi, ATS, PA, FXr) 

Current status: in use, adjustments needed 

Metric: SCP, level 1 

Importance: high 

Implementation Effort: low 

Managerial Level: strategic & tactical 

Reporting: 
- strategic and tactical measures to directly reflect on the supply chain effectiveness related to customer 

service.  

- full drill-downs on MO/plant/PU/setup group  level in cause-effect relations.  

- stored in monthly buckets, reported monthly. 

- PA & FXr as volume rates; CPOi & ATS as line rates. 

Performance manipulation: (replenishment) order creation is automatically initiated by the system. Hence, 
performance manipulation of not entering an order when the product is not available is averted. Another type of 
manipulation occurs because of lost sales not accounted for, which serves a positive bias on the ATS performance. 
However, data analysis has turned out that the effect of lost sales on ATS are negligible for HILTI.  

Table G-8: reporting principles, customer service (CPOi, ATS, PA, FXr) 

KPI Total Manufacturing Cost (TMC) 

Current status: not in use 

Importance: high 

Implementation Effort: moderate  

Metric: SCP, level 1 

Managerial Level: strategic 

Formula: 
𝑻𝑴𝑪𝒊 = 𝑴𝑶𝑯𝒊 + 𝑷𝑶𝑯𝒊 + 𝑷𝑹𝑶𝑫𝒊 

 
𝑤𝑖𝑡ℎ 

𝑖:  𝑡ℎ𝑒 𝑐𝑜ℎ𝑒𝑟𝑒𝑛𝑡 𝑃𝑈, 𝑑𝑒𝑝𝑒𝑛𝑑𝑒𝑛𝑡 𝑜𝑛 𝑡ℎ𝑒 𝑙𝑒𝑣𝑒𝑙 𝑜𝑓 𝑎𝑔𝑔𝑟𝑒𝑔𝑎𝑡𝑖𝑜𝑛  
𝑖 ∈ 𝐼 ∶  𝑡ℎ𝑒 𝑐𝑜𝑚𝑝𝑙𝑒𝑡𝑒 𝑠𝑒𝑡 𝑜𝑓 𝑃𝑈𝑠, 𝑤ℎ𝑒𝑟𝑒 𝑖 𝑚𝑎𝑦 𝑏𝑒 𝑎 𝑠𝑢𝑏𝑠𝑒𝑡 𝑠 ∈ 𝐼 

Production Costs are, to a high extent, subject to the environment; not only the HIP-effect will be presented in the 
performance development. By considering only the POH, MOH and PROD, the environment impacts on SCP are 
reduced, but still present. TMC per unit may be considered, but implementation effort is very high as the 
production order volumes vary significantly. Drill-downs on PU level is considered of high implementation effort 
as data is currently recorded on Plant levels only.  

Reporting: 

- strategic measure to directly reflect on the cost productivity of all manufacturing plants. On high level, 

the monetary value is not expected to provide the required insight, but visualized development over time 

in monthly reporting does.   

- relevant as a low-level measure to enable a full drill-down on plant/PU level for the cause-effect relations.  

- stored in monthly buckets, reported monthly. 

Performance manipulation: MOH, POH and PROD are entered in the system. The system calculates the TMC 
accordingly. No performance manipulation opportunities exist.  
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KPI wMAPE on Allocated Replenishment Orders 

Current status: not in use 

Importance: high 

Implementation Effort: moderate 

Metric: plan adherence, level 2 

Managerial Level: strategic 

Formula: 

𝒘𝑴𝑨𝑷𝑬𝒂𝒓𝒐𝒚 =  
∑ |𝒆𝒊|

𝑰
𝒊=𝟏

∑ 𝑹𝒊
𝑰
𝒊=𝟏

, 𝒍𝒂𝒈 (𝟎)  

 

𝑤𝑖𝑡ℎ 

 |𝒆𝒊|= | 𝑹𝒊 −  𝒂𝒊|  
 

𝑅𝑖: 𝑎𝑐𝑡𝑢𝑎𝑙 𝑟𝑒𝑝𝑙𝑒𝑛𝑖𝑠ℎ𝑚𝑒𝑛𝑡 𝑞𝑢𝑎𝑛𝑡𝑖𝑡𝑦 𝑜𝑓 𝑖𝑡𝑒𝑚 𝑖 𝑖𝑛 𝑤𝑒𝑒𝑘 𝑦 

 𝑎𝑖 : 𝑎𝑙𝑙𝑜𝑐𝑎𝑡𝑒𝑑 𝑟𝑒𝑝𝑙𝑒𝑛𝑖𝑠ℎ𝑚𝑒𝑛𝑡 𝑞𝑢𝑎𝑛𝑡𝑖𝑡𝑦 𝑜𝑓 𝑖𝑡𝑒𝑚 𝑖 𝑖𝑛 𝑤𝑒𝑒𝑘 𝑦  
𝐼:  𝑠𝑢𝑏𝑠𝑒𝑡 𝑜𝑓 𝑖𝑡𝑒𝑚𝑠 𝑖 𝑟𝑒𝑝𝑙𝑒𝑛𝑖𝑠ℎ𝑒𝑑 𝑖𝑛 𝑤𝑒𝑒𝑘 𝑦, 𝑤ℎ𝑒𝑟𝑒 𝑖 ∈ 𝐼 ∈ 𝐶: 𝑡ℎ𝑒 𝑐𝑜𝑚𝑝𝑙𝑒𝑡𝑒 𝑐𝑎𝑡𝑎𝑙𝑜𝑔𝑢𝑒 

Reporting: 
- strategic measure to directly reflect on the allocation effectiveness of replenishment orders on aggregate 

level.  

- full drill-down on plant/PU/setup group level for the cause-effect relations.  

- stored in weekly buckets adherent to the process, reported monthly. 

- measured as sales value to weigh the accuracy measure. 

- measured at lag(1) as the final plan is conducted at the beginning of the month. 

Performance manipulation: manipulation averted by the 𝑹𝒊 in the denominator of the wMAPEaro. If the sum of 
the absolute error were divided over the 𝑭𝒊 , performance manipulation opportunities exist as overestimating the 
forecast were supported to a certain extent. 

Table G-9: reporting principles, accuracy on replenishment order allocation 

PI Setup Time Occupation 

Current status: not in use 

Importance: high 

Implementation Effort: low 

Metric: SCP, level 1 

Managerial Level: tactical 

This measure directly relates to O.E.E. and reflects the MPS effectiveness.      

Formula: 

𝑺𝑻𝑶𝒊,𝒚 =  
𝒔𝒊,𝒚

𝒐𝒊,𝒚

 

 
𝑤𝑖𝑡ℎ  

𝑠𝑖,𝑦: 𝑎𝑐𝑐𝑢𝑚𝑢𝑙𝑎𝑡𝑒𝑑 𝑡𝑖𝑚𝑒 𝑠𝑝𝑒𝑛𝑡 𝑜𝑛 𝑠𝑒𝑡𝑢𝑝𝑠 𝑖𝑛 𝑃𝑈 𝑖 𝑖𝑛 𝑚𝑜𝑛𝑡ℎ 𝑦 

𝑜𝑖,𝑦: 𝑎𝑐𝑐𝑢𝑚𝑢𝑙𝑎𝑡𝑒𝑑 𝑜𝑝𝑒𝑟𝑎𝑡𝑖𝑜𝑛𝑎𝑙 𝑡𝑖𝑚𝑒 𝑎𝑣𝑎𝑖𝑙𝑎𝑏𝑙𝑒 𝑓𝑜𝑟 𝑃𝑈 𝑖 𝑖𝑛 𝑚𝑜𝑛𝑡ℎ 𝑦 

𝑖 ∈ 𝐼 ∶  𝑡ℎ𝑒 𝑐𝑜𝑚𝑝𝑙𝑒𝑡𝑒 𝑠𝑒𝑡 𝑜𝑓 𝑃𝑈𝑠, 𝑤ℎ𝑒𝑟𝑒 𝑖 𝑚𝑎𝑦 𝑏𝑒 𝑎 𝑠𝑢𝑏𝑠𝑒𝑡 𝑠 ∈ 𝐼 

Reporting: 
- tactical measure to indicate the aggregate percentage of operational time spent on setups. 
- full drill-downs on plant/PU/setup group level for the cause-effect relations. 
- stored in monthly buckets, reported monthly. 

Performance manipulation: not sensitive to performance manipulation. Data is obtained from the system.  

Table G-10: reporting principles, Setup Time Occupation  
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PI Carrier Reliability (CR) 

PI Warehouse Shipment Performance (WSP) 

Current status: Initiated, WSP only on outbound 

Metric: reliability, level 3 

Importance: high 

Implementation Effort: low 

Managerial Level: tactical 

These measures are control measures that serve performance information related to functions both S&OP and 
SCP are highly reliant on. Customer service, as well as process reliability can be understood on a deeper level in 
cause-effect relations by reflecting upon coherent performances. 

Reporting: 
- stored in monthly buckets, reported monthly. 

- measured as line rates to support drill-downs on MO/plant/PU/setup group level. 

Performance manipulation: automatically tracked by the system. Customer signs the receipt electronically and 
outbound is recorded. Hence, no performance manipulation at stake. 

Table G-11: reporting principles, reliability (carrier, supplier and warehouse) 

 

KPI On Time Production (OTP) 

PI pre-production 

Current status: in use; no global reporting principles 

Importance: high 

Implementation Effort: moderate  

Metric: plan adherence, level 2 

Managerial Level: tactical 

Formula: 

𝑶𝑻𝑷𝒀 =
∑ 𝐦𝐢𝐧 [

𝒑𝒊

𝒔𝒊
,  𝟏]  ∗ 𝒙𝒊

𝒏
𝒊=𝟏

𝒏
 

 

𝒑𝒓𝒆 − 𝒑𝒓𝒐𝒅𝒖𝒄𝒕𝒊𝒐𝒏 =  𝟏 −
𝒙𝒊

𝒏
 

𝑤𝑖𝑡ℎ  
𝑝𝑖 : 𝑝𝑟𝑜𝑑𝑢𝑐𝑡𝑖𝑜𝑛 𝑜𝑟𝑑𝑒𝑟 𝑖 𝑞𝑢𝑎𝑛𝑡𝑖𝑡𝑦 𝑝𝑟𝑜𝑑𝑢𝑐𝑒𝑑 𝑎𝑡 𝑡𝑖𝑚𝑒 𝑠𝑐ℎ𝑒𝑑𝑢𝑙𝑒𝑑 𝑑𝑎𝑡𝑒 𝑑 + 𝑡𝑜𝑙𝑒𝑟𝑎𝑛𝑐𝑒 𝑡 

 𝑠𝑖: 𝑝𝑟𝑜𝑑𝑢𝑐𝑡𝑖𝑜𝑛 𝑜𝑟𝑑𝑒𝑟 𝑖 𝑞𝑢𝑎𝑛𝑡𝑖𝑡𝑦 𝑠𝑐ℎ𝑒𝑑𝑢𝑙𝑒𝑑 𝑓𝑜𝑟 𝑑𝑎𝑡𝑒 𝑑 
 

   𝑥𝑖 =  {
1,           𝑖𝑓 𝑠𝑐ℎ𝑒𝑑𝑢𝑙𝑒𝑑 𝑑𝑎𝑡𝑒 − 𝑡𝑜𝑙𝑒𝑟𝑎𝑛𝑐𝑒 ≤ 𝑝𝑟𝑜𝑑𝑢𝑐𝑡𝑖𝑜𝑛 𝑜𝑟𝑑𝑒𝑟 𝑖 𝑐𝑜𝑚𝑝𝑙𝑒𝑡𝑖𝑜𝑛 𝑑𝑎𝑡𝑒  
 0,           𝑒𝑙𝑠𝑒                                                                                                                                     

 

 

𝑛: 𝑡ℎ𝑒 𝑎𝑚𝑜𝑢𝑛𝑡 𝑜𝑓 𝑠𝑐ℎ𝑒𝑑𝑢𝑙𝑒𝑑 𝑝𝑟𝑜𝑑𝑢𝑐𝑡𝑖𝑜𝑛 𝑜𝑟𝑑𝑒𝑟𝑠 𝑖𝑛 𝑤𝑒𝑒𝑘 𝑦 

It is stressed that this measure must not be used to reflect on the operational performances for the work floor in 
the plants. The measure serves the OTP point of view, designed to reflect the OTP against schedule. Work floor 
productivity should be measured against.  

Reporting: 
- tactical measure to report on scheduling/production performance. 
- full drill-downs on plant/PU/setup group/item level for the cause-effect relations.  
- stored in weekly buckets, reported monthly. 
- measured at d+t as volume rate and production order completion as line rate. 

Tolerance: initiated at 1 working day, independent of the coherent number of shifts. This tolerance range [-1:1] is 
depicted as production orders are scheduled with a lead-time slack of 1 day to ensure high customer service.  

Performance manipulation: overproduction as compensation for underproduction. This is possible because of the 
volume rate at which quantities are measured. Manipulation averted by the implementation of the min-function. 

Table G-12: reporting principles, On Time Production (OTP)  
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PI Plant Employee Productivity 

PI Tact Rates 

Current status: in use, not available in all plants  (regulations) 

Metric: SCP, level 1 

Managerial Level: operational 

Employee Productivity and Tact Rates are measured against the master data in the system. Actual throughput 
times are compared with the master data in the system for which the deviation refers to the employee productivity 
and tact rates, relative to the master data.  

Reporting: 
- drill-downs on plant/PU/setup group levels for cause-effect relations. 
- stored in monthly buckets, reported monthly. 
- Tact Rates implementation: moderate importance, moderate effort 

Performance manipulation: not sensitive to performance manipulation. Data is obtained from the system.  

Table G-13: reporting principles, employee productivity and tact rates 

 

Table G-14: reporting principles, Coefficient of Variation (CV) 

PI # of re-scheduled production orders 

Current status: not in use  

Importance: low 

Implementation Effort: low 

Metric: plan adherence, level 2 

Managerial Level: operational 

A re-schedule is required after production schedules could not be adhered to in the first place, implying additional 
POH. All re-schedules that are made relative to the plan are relevant in determining the effort and cost. 

Reporting: stored in weekly buckets, reported monthly. 

Performance manipulation: not sensitive to performance manipulation. Data is obtained from the system.  

Table G-15: reporting principles, re-scheduled production orders  

PI Coefficient of Variation 

Current status: not in use 

Importance: moderate 

Implementation Effort: moderate 

Metric: stability, level 3 

Managerial Level: strategic & tactical  

Formula: 
𝑪𝑽 =  𝝈

𝝁⁄   

      
𝑤𝑖𝑡ℎ  

𝜇: 𝑡ℎ𝑒 𝑚𝑒𝑎𝑛of the monthly/weekly buckets 
𝜎: 𝑡ℎ𝑒 𝑠𝑞𝑢𝑎𝑟𝑒𝑑 𝑟𝑜𝑜𝑡 𝑜𝑓 𝑡ℎ𝑒 𝑣𝑎𝑟𝑖𝑎𝑛𝑐𝑒 𝑏𝑒𝑡𝑤𝑒𝑒𝑛 𝑡ℎ𝑒 𝑚𝑜𝑛𝑡ℎ𝑙𝑦/𝑤𝑒𝑒𝑘𝑙𝑦 𝑏𝑢𝑐𝑘𝑒𝑡𝑠 

Applied to: demand patterns, production patterns, net requirements and material requirement patterns.  

Reporting: 
- measures to directly reflect on the stability of the environment/processes. 

- full drill-downs on MO/plant/PU/setup group level for cause-effect relations.  

- stored in monthly/weekly buckets, reported monthly.  

Performance manipulation: data is obtained from the system and is not subject to performance manipulation.  
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PI PA of Allocated Replenishment Orders 

Current status: not in use, PA on line rate 

Importance: high 

Implementation Effort: high 

Metric: plan adherence, level 2 

Managerial Level: tactical 

Formula: 

𝑷𝑨𝒂𝒓𝒐,𝒚 =  
∑ 𝒎𝒊𝒏 [

𝒅𝒊

𝒂𝒊
,  𝟏]𝒏

𝒊=𝟏

𝒏
 

 
𝑤𝑖𝑡ℎ 

𝑑𝑖 : 𝑑𝑒𝑝𝑙𝑜𝑦𝑒𝑑 𝑞𝑢𝑎𝑛𝑡𝑖𝑡𝑦 𝑓𝑜𝑟 𝑟𝑒𝑝𝑙𝑒𝑛𝑖𝑠ℎ𝑚𝑒𝑛𝑡 𝑜𝑟𝑑𝑒𝑟 𝑖 
𝑎𝑖: 𝑎𝑙𝑙𝑜𝑐𝑎𝑡𝑒𝑑 𝑞𝑢𝑎𝑛𝑡𝑖𝑡𝑦 𝑟𝑒𝑝𝑙𝑒𝑛𝑖𝑠ℎ𝑚𝑒𝑛𝑡 𝑜𝑟𝑑𝑒𝑟 𝑖   

𝑛: 𝑎𝑚𝑜𝑢𝑛𝑡 𝑜𝑓 𝑟𝑒𝑝𝑙𝑒𝑛𝑖𝑠ℎ𝑚𝑒𝑛𝑡 𝑜𝑟𝑑𝑒𝑟𝑠 𝑐𝑟𝑒𝑎𝑡𝑒𝑑 𝑖𝑛 𝑤𝑒𝑒𝑘 𝑦   

Reporting: 
- tactical measure to directly reflect on the cross-functionality between production scheduling and net 

requirements. 

- full drill-down on MO/plant/PU/setup group level for the cause-effect relations.  

- stored in weekly buckets, reported monthly. 

- measured as a volume rate.  

Performance manipulation: allocations and actual deployments are automatically entered in the system. The 
system calculates the PAaro accordingly. The min-function has to be implemented to prevent from compensation 
in case of over-deployment (di > ai). 

Table G-16: reporting principles, Product Availability (PA) on allocated replenishment orders 

 

PI Operational Equipment Effectiveness (O.E.E.) 

Current status: in use, but not applied correctly 

Importance: high 

Implementation Effort: moderate 

Metric: reliability, level 3 

Managerial Level: operational 

Formula: 
𝑶. 𝑬. 𝑬.  = 𝑨𝒗𝒂𝒊𝒍𝒂𝒃𝒊𝒍𝒊𝒕𝒚 ∗ 𝑷𝒆𝒓𝒇𝒐𝒓𝒎𝒂𝒏𝒄𝒆 ∗ 𝑸𝒖𝒂𝒍𝒊𝒕𝒚  

 

𝑤𝑖𝑡ℎ 

𝐴𝑣𝑎𝑖𝑙𝑎𝑏𝑖𝑙𝑖𝑡𝑦:  𝑚𝑎𝑐ℎ𝑖𝑛𝑒 𝑢𝑡𝑖𝑙𝑖𝑧𝑎𝑡𝑖𝑜𝑛 𝑎𝑠 𝑓𝑟𝑎𝑐𝑡𝑖𝑜𝑛 𝑜𝑓 𝑜𝑝𝑒𝑟𝑎𝑡𝑖𝑜𝑛𝑎𝑙 ℎ𝑜𝑢𝑟𝑠 

𝑃𝑒𝑟𝑓𝑜𝑟𝑚𝑎𝑛𝑐𝑒: 𝑡𝑎𝑐𝑡 𝑟𝑎𝑡𝑒 𝑎𝑠 𝑎 𝑓𝑟𝑎𝑐𝑡𝑖𝑜𝑛 𝑜𝑓 𝑖𝑡𝑠 𝑑𝑒𝑠𝑖𝑔𝑛𝑒𝑑 𝑠𝑝𝑒𝑒𝑑 

𝑄𝑢𝑎𝑙𝑖𝑡𝑦 = 1 −  𝑠𝑐𝑟𝑎𝑝 𝑝𝑟𝑜𝑑𝑢𝑐𝑡𝑖𝑜𝑛 𝑟𝑎𝑡𝑒 

Reporting: 
- operational measure to directly reflect on the reliability of the plant resources. 

- full drill-down on MO/plant/PU/setup group level for the cause-effect relations.  

- stored in monthly/weekly buckets, reported monthly. 

Performance manipulation: data is obtained from the system and is not subject to performance manipulation. 

Table G-17: reporting principles, Operational Equipment Effectiveness (OEE) 

 



72 
 

KPI Inventory Coverage Logistics (ICLe/a) 

PI Obsolescence 

Current status: in use, no additional effort needed 

Metric: SCP, level 1 

Managerial Level: strategic & tactical 

Formula ICLe/a: 

𝑰𝑪𝑳𝒙 −𝟏 =  
𝑨𝑰𝑽𝒙−𝟏

(∑ 𝑳𝑪𝑽𝒙−𝒊)/𝟔𝟔
𝒊=𝟏

 ∗ 𝟑𝟎,  

 
𝑤𝑖𝑡ℎ  

𝐴𝐼𝑉𝑥−1 = 𝐴𝑣𝑒𝑟𝑎𝑔𝑒  𝐼𝑛𝑣𝑒𝑛𝑡𝑜𝑟𝑦 𝑉𝑎𝑙𝑢𝑒 𝑀𝑜𝑛𝑡ℎ 𝑥 − 1  
𝐿𝐶𝑉𝑥−1 = 𝐿𝑜𝑔𝑖𝑠𝑡𝑖𝑐𝑠 𝐶𝑜𝑛𝑠𝑢𝑚𝑝𝑡𝑖𝑜𝑛 𝑉𝑎𝑙𝑢𝑒 𝑀𝑜𝑛𝑡ℎ 𝑥 −  𝑖 

Obsolescence Table: Table 4-2 

It is important to understand the risk of aggregating the denominator over 6 months: if seasonality is at stake, 
ICLx-1 is reflected by data from month x-i, which does not well describe the data from month x-1. Data analysis per 
product type enables determining whether or not significant seasonality patterns exist. Only if seasonality is not 
at stake, aggregating the denominator is useful to account for demand uncertainty. ICLe relates to the inventories 
that are kept within the MOs, whereas ICLa captures all inventories being held, hence the CWs and Plant storages 
included. Reporting on both ICLe and ICLa outlines the effectiveness of the inventory pooling on strategic level. 

Reporting: 
- strategic measures to directly reflect on safety stock calculation and inventory pooling policy.  

- full drill-down on MO/plant/PU/setup group level for the cause-effect relations.  

- stored in monthly buckets, reported monthly. 

Performance manipulation: not sensitive to performance manipulation. Data is obtained from the system. The 
denominator is the aggregate Logistics Consumption Value over the past 6 months for stabilized results.  

Table G-18: reporting principles, Inventory Coverage Logistics (ICL) & Obsolescence 

 

PI Costs of Emergency Shipments 

Current status: in use, measurement adjustments needed 

Importance high 

Implementation Effort: low 

Metric: flexibility, level 3 

Managerial Level: strategic 

This measure reflects the transportation type that is intended to be prevented as much as possible: air freight. Air 
freights have a much higher cost-rate per kilogram than other transportation modes (see, rail, truck). As air 
freights consume a considerable lower amount of time, this type of transportation is often chosen as the last way 
to ensure high customer service levels. It reflect the way the process uses mid-term flexibility to adhere to the plan.   

Adjustment: in the current situation, air freight is not per definition considered an emergency shipment. Some air 
freights are standard, such as for dangerous goods. Hence, the adjustment needed is to create a checkbox when 
a transportation mode is created: standard air freight; or emergency shipment. 

Reporting: 
- strategic measure to indicate the transportation costs as a result of mid-term flexibility. 
- relevance on drill-downs is constrained due to consolidating shipments.    
- stored in monthly buckets, reported monthly. 

Performance manipulation: not sensitive to performance manipulation. Data is obtained from the system.  
Table G-19: reporting principles, costs of emergency shipments 
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PI Component Availability  

Current status: not in use 

Importance: moderate 

Implementation Effort: moderate 

Metric: reliability, level 3 

Managerial Level: operational 

This measure reflects on the O.E.E. in terms of availability. Machines cannot run without the required components 
available. The measure provides additional insight needed to improve O.E.E. 

Reporting: 
- operational measure to support increasing O.E.E.  
- full drill-downs on plant/PU/setup group level for cause-effect relations. 
- stored in monthly/weekly buckets, reported monthly. 

Performance manipulation: not sensitive to performance manipulation. Data is obtained from the system.  

Table G-20: reporting principles, Critical Component Availability (CCA) 
 

 

PI Forecast wMAPE 

PI Forecast Bias 

Current status: in use, no additional effort needed 

Metric: reliability, level 3 

Managerial Level: strategic 

Formula wMAPE: 

𝒘𝑴𝑨𝑷𝑬𝒚 =  
∑ |𝒆𝒊|

𝒏
𝒊=𝟏

∑ 𝑨𝒊
𝒏
𝒊=𝟏

 , 𝒍𝒂𝒈(𝟎) 

 

𝑤𝑖𝑡ℎ 

 |𝒆𝒊|= | 𝑨𝒊 −  𝑭𝒊|  
 
Formula Bias: 

𝑩𝒊𝒂𝒔𝒚 = (
 𝑭𝒊

 𝑨𝒊

 −  𝟏) ∗ 𝟏𝟎𝟎 

 
𝑤𝑖𝑡ℎ 

𝐴𝑖: 𝑎𝑐𝑡𝑢𝑎𝑙 𝑑𝑒𝑚𝑎𝑛𝑑 𝑣𝑎𝑙𝑢𝑒 𝑜𝑓 𝑖𝑡𝑒𝑚 𝑖 𝑖𝑛 𝑤𝑒𝑒𝑘 𝑦 

 𝐹𝑖  : 𝑓𝑜𝑟𝑒𝑐𝑎𝑠𝑡𝑒𝑑 𝑑𝑒𝑚𝑎𝑛𝑑 𝑣𝑎𝑙𝑢𝑒 𝑜𝑓 𝑖𝑡𝑒𝑚 𝑖 𝑖𝑛 𝑤𝑒𝑒𝑘 𝑦  
𝑛: 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑒𝑛𝑑 − 𝑐𝑢𝑠𝑡𝑜𝑚𝑒𝑟 𝑜𝑟𝑑𝑒𝑟𝑠 𝑔𝑖𝑣𝑒𝑛 𝑡ℎ𝑒 𝑡𝑖𝑚𝑒 𝑝𝑒𝑟𝑖𝑜𝑑  

Reporting: 
- strategic measures to directly reflect upon the forecast accuracy on an aggregate level. 

- full drill-down on MO/plant/PU/setup group level for the cause-effect relations.  

- stored in monthly buckets, reported monthly. 

- measured in sales value to weigh the forecast accuracy. 

- measures on Statistical Forecast, Demand Review and Consensus Forecast to enable comparison to 

reflect upon the process. 

- measured at lag(1) as the final plan is conducted at the beginning of the month.  

Performance manipulation: manipulation averted by the 𝑨𝒊 in the denominator of the wMAPE. If the sum of the 
absolute error were divided over the 𝑭𝒊 , performance manipulation opportunities exist in deliberately over 
forecasting the end-customer sales orders.   

Table G-21: reporting principles, forecast accuracy (wMAPE & Bias) 
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PI Additional Shifts 

PD Shift Effectiveness 

Current status: not in use 

Importance: moderate 

Implementation Effort: low 

Metric: reliability, level 3 

Managerial Level: tactical 

These measures relate to the shift utilization: plan versus actual, considering the varying wage rates per shift. 
Additional Shifts is a numerical indicator, whereas Shift Effectiveness refers to a graph that visualizes the planned 
versus actual shifts, visualizing capacity and utilization levels.  

 
Figure G-14: visualization of Shift Effectiveness 

Reporting: 
- tactical measures to support understanding how effective the production process is executed. 
- drill-downs on plant/PU/setup group levels for the cause-effect relations. 
- stored in monthly buckets, reported monthly. 

Performance manipulation: not sensitive to performance manipulation. Data is obtained from the system.  
Table G-22: reporting principles, shift effectiveness & additional shifts 
 

PI Cross-functionality Distribution vs Allocation 

Current status: not in use  

Importance: moderate 

Implementation Effort: low 

Metric: reliability, level 3 

Managerial Level: tactical 

Measured as the rate at which scheduled distributions do not adhere to the allocations. 

Reporting: stored in weekly buckets, reported monthly. 

Performance manipulation: not sensitive to performance manipulation. Data is obtained from the system. 
Table G-23: reporting principles, cross-functionality Distribution Plan vs Allocation 

PI Actual vs Planned Production Hours 

Current status: not in use  

Importance: moderate 

Implementation Effort: low 

Metric: plan adherence, level 2 

Managerial Level: operational 

Measured as the rate at which actual operational hours do not match the planned operational hours. 

Reporting: stored in weekly buckets, reported monthly. 

Performance manipulation: not sensitive to performance manipulation. Data is obtained from the system. 
Table G-24: reporting principles, actual vs planned production hours 
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Appendix H 

 

 

 

 

Performance Indicator Area Unit Bad Sufficient Good 

CPOi PU items % P ≤ 92  92 < P < 97 P ≥ 97 

ATS PU items % P ≤ 95 95 < P < 98 P ≥ 98 

ICLa/e PU items days P ≥ 100 100 > P > 75 P ≤ 75 

O.E.E. PU % P ≤ 60 60 < P < 75 P ≥ 75 

PA allocation snapshot PU items % P ≤ 95 95 < P < 98 P ≥ 98 

PA PU items % P ≤ 95 95 < P < 97 P ≥ 97 

FXr PU items % P ≤ 90 90 < P < 95 P ≥ 95 

wMAPE allocation snapshot PU items % P ≥ 30 30 > P > 20 P ≤ 20 

wMAPE  PU items % P ≥ 35 35 > P > 25 P ≤ 25 

Bias PU items % |P| ≥ 15 15 > |P| > 10 |P| ≤ 10 

OTP PU % P ≤ 75  75 < P < 85 P ≥ 85 

Employee Productivity PU % P ≤ 75 75 < P < 85 P ≥ 85 

Cross-functionality / % |P| ≥ 10 10 > |P| > 5 |P| ≤ 5 

Component Availability PU % P ≤ 80 80 < P < 90 P ≥ 90 

Carrier Reliability Carrier % P ≤ 90 90 < P < 97 P ≥ 97 

Warehouse Shipment Perf. WH % P ≤ 90 90 < P < 97 P ≥ 97 

CV patterns PU items σ/μ P ≥ 0.5 0.5 > P > 0.35 P ≤ 0.35 

Additional Shifts PU hours P ≥ 30 30 > P > 15 P ≤ 15 

Setup Time Occupation PU % P ≥ 2 1 > P > 2 P ≤ 1 

Capacity Utilization Lev. PU % P ≤ 90  90 < P < 97 P ≥ 97 

Tact Rate PU % P ≤ 80  80 < P < 90 P ≥ 90 

Actual vs planned prod. hours PU % P ≥ 110 105 > P > 110 P ≤ 105 

Table H-25: indications for performance ranges 

 
 

 
 

 
 
 


