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Abstract 
 

In this master thesis project, we develop a conceptual model and formal model to convert the demand 

net requirements from Central Warehouses and Regional Distribution Centers into future shipment 

requirements for plants and Headquarters’ Warehouses (hereafter distribution forecast), throughout mid-

term and long-term planning horizons. Moreover, a mathematical model is developed to estimate a 

number of transportation resources needed to meet the shipping requirements of the distribution 

forecast, based on a multi-container loading problem. The uncertainty derived from the accuracy of the 

demand’s net requirements is considered in the concept and the model developed. As a pilot case to 

validate the concept developed, the replenishment distribution route, from production plant P6 of Hilti 

AG to the central warehouse in Houston (United States), was selected. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



ii 
  

Management Summary 
In this master thesis (MT) project, we present the results of the study conducted on distribution 
forecasting and transport resource capacity planning for Hilti’s global replenishment function.  
 

Problem Description 
Hilti is a multinational company that develops, manufactures, markets and sells value-adding and top-
quality products and services for the construction and mining industries, with operations in more than 
120 countries. Its product portfolio includes products such as fastening systems, grinding tools, 
construction chemicals, anchors systems, firestop products and measuring systems. As part of Hilti’s 
Corporate Strategy, Champion 2020, the company has been working on integrating its supply chain from 
end to end with the Hilti Integrated Planning (HIP) project.  
 
With HIP, the distribution planning process will be divided into two main sub processes: (1) Distribution 

Forecast and (2) Allocation Management and Order Fulfillment. The former, which is the focus of this 

research, is intended to support distribution activities such as transport planning, linking the demand and 

supply planning activities included in HIP to the global replenishment distribution function.  

The physical distribution of the global replenishment distribution function is highly reactive to the real-
time replenishment orders, based on the material availability date, either when a production order has 
been completed at one of the plants or when the product is ready for distribution at of the Headquarters’ 
Warehouses. The highly reactive nature of the physical distribution is caused by the current lack of 
visibility into the future volumes to be distributed. Volumes are currently not available for the 
Headquarter Transport Management (HQ TM) until one or two days prior to the shipment and sometimes 
after the shipment has already left the warehouse or plant. In addition, just as for the HQ TM, the 
forwarder is informed of the actual quantity to transport with one day in advance, or on the same day of 
the shipment. 
 
Hence, both the HQ transport management and the forwarder have little-to-no-time to react to large 
shipping demand-swings, as evidenced in Figure 1. In this figure, the high volatility of the distribution 
volumes can be seen for the source destination pair of Plant 6 (Germany) to Central Warehouse (CW) in 
the United States from week to week. The overall volatility was 61.18% and 54.50% for 2015 and 2016 
respectively. Thus, adding the volatility of shipments from week to week to the lack of visibility of the 
future requirements increases the need for express/urgent shipments and the need of highly flexible 
forwarders with enough capacity to meet the volatile demand flows for distribution.  
 

 
Figure 1: Weights shipped per week from P6 to HUS 6000 (2015 and 2016) 
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The lack of visibility may be caused by an information silo among the materials management, production, 
and the distribution departments. Furthermore, this silo may be caused by the lack of a distribution 
forecast model to translate future demand requirements into information that is useful for distribution 
planning, such as weights, volumes and pallets to ship. Thus, with the existing lack of visibility and HIP in 
mind, the main objective of this MT project is the development of a distribution forecast concept that 
translates the future demand requirements and production plans into distribution volumes and resource 
requirements for long and mid-term planning horizons. This concept links the results from Sales and 
Operations Planning (S&OP) processes to the distribution of the global replenishment volumes of Hilti, 
reducing the information silo between the departments regarding the future requirements. Thus, from 
this objective the following main research question is posed: 
 

How can a forecasting model be designed to translate future demand requirements into 

transportation resource requirements? 

 
Furthermore, the focus of this MT is the distribution volumes of the global replenishment function at Hilti, 
which includes the distribution from the plants to Headquarters’ warehouses, and from these warehouses 
to the central warehouses and regional distribution centers in the different geographical locations in 
which Hilti operates.  
 

Concept Developed 
The distribution forecast concept developed is based on the understanding of two key aspects: (1) the 

current transportation planning process within scope, and (2) key inputs and outputs for the distribution 

forecast. While for the first a brief overview was provided in the previous section (Problem Description), 

the latter is briefly discussed next.  

For the forecast computation, two types of inputs are needed: (1) a dynamic input which includes the net 

requirements, which are the main input for the forecast; and (2) static, or constant known data, such as 

the product weight and volume. The net requirements are considered as the main input for the forecast 

because they represent the demand that cannot be satisfied without making use of the safety stock 

available at the Central Warehouses (CW) and Regional Distribution Centers (RDC), and thus represent 

the replenishment quantities to be shipped. In addition, the net requirements are derived from the sales 

forecast that for Hilti’s particular case is the consensus forecast resulting from the Statistical Forecast 

Integration (SFI) process within HIP, which links previous planning stages to the distribution forecast.  

The distribution forecast concept can be divided into two main activities: (1) Translation of the planned 

net requirements into future shipment requirements and (2) resource capacity requirement planning. A 

calculation model was defined for the first activity, which is the translation of the planned net 

requirements into information that can be used for transportation planning such as weights, volumes, and 

pallets. For the second activity, on the other hand, a mathematical model was developed based on a multi 

container loading problem, with the objective of estimating the minimum number of containers or trucks 

required per week (hereafter, referred to as transport units in general) to meet the shipping demand, 

providing a lower bound for the capacity needed assuming all shipments to a specific destination are 

shipped the last working day of each week.  

Furthermore, to assess the uncertainty derived from the accuracy of the sales forecast, safety stock levels 

per item and the ultimate order confirmations that influence the planned net requirements a different 
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approach is proposed for each of the forecasts (long and mid-term). For the long term, a minimum- 

maximum range is provided for the distribution requirements using as an uncertainty factor the forecast 

error between actual shipments and projected shipments during a week. On the other hand, for the mid-

term forecast, the uncertainty was addressed within the resource requirement capacity model by using 

built in flexibility considered by limiting the max utilization of the resources in planning.  

Proof of concept  
A small pilot case consisting of the shipments between Plant 6 and a central warehouse located in the 

United States was developed, as a proof of concept. The concept was implemented using Microsoft Excel1 

and the AIMMS2 software. The accuracy of the predicted shipment requirements using the concept 

developed was measured using the mean absolute percentage error (MAPE) and was calculated using the 

forecasted and actual shipment weights per week during a period of four weeks between June and July of 

the present year.  

Furthermore, the resource requirement capacity planning model was evaluated by solving it using the 

forecasted data and data from actual shipments in the same period. The results deviated from each other 

slightly: for the quantities actually shipped, one more container was estimated with the model. However, 

quantities actually shipped were larger than the ones projected for the same period, which is supported 

as well with the distribution forecast error measured with MAPE.  

Although the results of the pilot case provide an introduction into the information to be derived from the 

concept developed for the distribution forecast, the concept could not be 100% validated as the data 

available to evaluate the accuracy of the forecasts is limited. Moreover, even though the concept 

developed is intended to be applicable for the entire global replenishment function, certain aspects such 

as the uncertainty and flexibility factors will require individual analysis for each source destination pair. In 

addition, the concept considers only products that are shipped in pallets that contain only one product 

per pallet; thus, the capacity model would need to be adapted to consider special products, such as 

channels that are long and not shipped in pallets, and the case of mixed pallets (several products in one 

pallet) usually encountered in the HQ warehouses.  

 

 

 

 

                                                             
1 Microsoft®. 
2 AIMMS B.V. 
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1. Introduction  
This section introduces the company where the MT was conducted, the motivation for conducting this 

project, the research objective and scope; the research questions to answer, the methodology to follow, 

and the deliverables. 

1.1. Company introduction 

1.1.1. Background Information  

Founded in 1941 by brothers Martin and Eugen Hilti in Schaan, Principality of Liechtenstein, Hilti started 

as a small-scale construction tool manufacturer. Since then, Hilti has become a multinational company 

that develops, manufactures, markets and sells value-adding and top-quality products and services for 

the construction and mining industries, with operations in more than 120 countries, and more than 24,000 

employees worldwide.  

Hilti’s strategy is aimed at sustainable value creation with the core purpose of “passionately create 

enthusiastic customers and build a better future.” With the customer as the focus, Hilti employs a direct 

sales model in which approximately 75% of its employees work directly with customers, creating success 

for them by identifying their needs and providing innovative and value-adding solutions. These 

interactions with customers create the basis for the continuous development of new solutions in which 

Hilti invests more than five percent of its turnover.  

Hilti’s product portfolio includes anchor systems, construction chemicals, cordless tools and accessories 

such as angle grinders, saws, screwdrivers, and dust removal systems; cutting, sawing, and grinding tools; 

diamond saws, accessories, diamond core bits and blades; direct fastening systems, façade mounting 

systems, drilling and demolition tools such as rotary hammer drills; firestop products, accessories, 

modular support systems, measuring systems, and installation systems. The service portfolio, on the other 

hand, includes services such as engineering, repair, delivery, training, and consulting. 

1.1.2. Hilti’s Supply Chain  
Figure 2 presents a simplified version of the supply chain of Hilti. As can be seen in the figure, Hilti works 

with over 350 suppliers that provide raw materials for the production plants operated by Hilti. These 

plants are in: Liechtenstein, Austria, Germany, Hungary, Mexico, United States, India and China. In 

addition to these plants, Hilti works with over 900 allied suppliers that manufacture part of the company’s 

product portfolio.  

Product flow 

After the production, the products, according to their volume, can be distributed either directly to the 

central warehouses (CW) or regional distribution centers (RDC) of the market organizations (MOs), if the 

volume is high, or, if the volume is low, indirectly through the Headquarters warehouses (HAG WH) and a 

transshipment point (TSP), and thereafter to the MOs. From the MOs’ central warehouses or regional 

distribution centers, the products are distributed directly to the customer, to Hilti Stores, Vans/territory 

sales (TS), or repair centers.  
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Figure 2: Simplified supply chain Hilti 

1.1.3. Hilti Integrated Planning (HIP) 

As part of the corporate strategy Champion 2020, Global Logistics Materials Management (GLMM) started 

the Hilti Integrated Planning project in 2013. The purpose of HIP is to create an integrated planning 

process from customer to supplier to improve service levels, reduce inventory, and optimize costs in the 

supply chain, while fortifying the performance sustainability and improving the supply chain’s agility.  

The HIP project comprises numerous activities that are conducted as part of either a monthly or a weekly 

workflow. These workflows are briefly described next.  

Monthly Workflow 

The first activity conducted in the monthly workflow is the calculation of a demand forecast for the MOs. 

In this activity, sales history data is collected and prepared to calculate a statistical forecast. The resulting 

statistical forecast, together with local market intelligence, is used to develop a materials forecast. Here, 

the MRP Type Changes process is executed by exception with the objective of adjusting an inventory 

control policy for an item. The materials forecast is then used, together with the market and sales forecast 

and with the financial forecast, for the Sales Forecast Integration (SFI) meeting to derive a consensus-

forecast that will steer the supply chain. Following the consensus forecast, parameters such as safety stock 

and mix/max are calculated. Additionally, an “allocation” step is executed to provide an initial deployment 

projection overview for the different stock points in the supply chain.  

Afterwards, by combining the safety stock levels, min/max and the SFI forecast, the net requirements that 

will serve as input for the operations planning process are computed. Next, during the operations planning 

process, a feasible supply plan referred as the Master Production Schedule (MPS) is created. In the MPS a 

monthly production planning is done using the constraints identified during the Sales and Operations 

Planning (S&OP) process. The production patterns and schedules obtained from the MPS process are used 

to plan the demand of raw materials and components required for production. In addition, the S&OP 
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results are also used to align with the allied suppliers providing them with a demand preview. The 

alignment with the allied suppliers is done in parallel to what is going to be the distribution planning.  

Weekly Workflow 

On a weekly basis, a MPS is derived converting monthly aggregated production plans to item level weekly 

plans. During this process, planned production quantities are fixed for the following week. Following the 

confirmation of the MPS plan, the factory scheduling process is executed. During this process, a feasibility 

check for the production plan is conducted under current conditions and resources, such as personnel, 

are allocated to shifts and machines.  

1.2. Motivation 
With HIP, Hilti aims to integrate its supply chain from end to end. With this integration in mind, in this 

report, we present the research and study conducted to design a distribution forecast concept for future 

volume flows. This forecast is considered necessary to link the results from the Sales and Operations 

Planning (S&OP) process to the distribution operations. Linking the results from S&OP, from which the 

Master Production Schedule is derived, with the distribution activities, follows the tendency observed in 

the literature of integrating production and distribution planning decisions. This integration has been 

proven by different studies to produce better results than when planning decisions are made sequentially 

(Fahimnia, Zanjirani Farahani, Marian, & Luong, 2013). 

The resulting distribution volumes are intended to be used for further warehouse and transportation 

capacity planning, and the management of unplanned market events which will potentially reduce the 

need of express shipments. This would consequently reduce transportation costs and provide insights of 

future distribution volume trends. Additionally, the volumes could be provided to forwarders to support 

long-term reservation of space in cargo ships, aid in the identification of potential optimization 

opportunities of distribution routes, and potentially generate a plan/schedule for truck and ocean freight 

forwarders.  

The remainder of this chapter aims to provide a more detailed specification of the research project. First, 

in section 1.3 and 1.4, the research objective, the scope of the project, and the research questions to be 

answered are presented respectively. Section 1.5 describes the research methodology used for this 

research project and concludes with section 1.6 which enumerates the academic and company 

deliverables to be achieved.  

1.3. Research Objective and Scope 
The research objective of this master thesis is to potentially improve transportation planning by linking 

the results from the S&OP process to the distribution and transportation activities through the 

development of a distribution forecast concept that translates the demand forecast to distribution 

volumes and distribution resource requirements such as containers and trucks, using the Planned Net 

Requirements as input. Moreover, Table 1 details what is in scope and what is not in scope for this project. 
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Table 1: In Scope and Out of Scope 

In scope Out of Scope 

 The global replenishment process which 
includes the distribution from the plants to 
Headquarters’ warehouses and from there to 
central warehouses and regional distribution 
centers in different geographical locations.  

 Translation of future demand requirements 
into transportation volumes (to ship in pallets 
and transport units). 

 

 Last mile distribution 

 Distribution from the central warehouses or 
regional distribution centers to stores and 
repair centers. 

 Plant to plant transport of goods or parts 

 Route optimization 

 Warehouse sizing (storage capacity) 

 Truck scheduling  

 CW and RDC location optimization. 

 Implementation3 

 Deployment/allocation planning 

 

1.4. Research Questions 
With the information and motivation provided for the company background, the current situation 

overview, and the scope to be covered by this master thesis, the following main research question is posed 

to achieve the proposed solution, i.e. design a forecasting model to translate future demand requirements 

into volumes for distribution planning: 

 

How can a forecasting model be designed to translate future demand requirements into 

transportation resource requirements? 

With the purpose of answering the main research question, it has been split up into several more 

manageable sub questions: 

First, a clear and thorough understanding of the current situation is needed to understand the process 

that is in place, and the dynamics that would need to be considered for the design of the forecasting 

model. Consequently, the first sub-question is: 

1. How is the distribution planned currently? What is the “As – Is” situation? 

Second, to be able to design the distribution forecast model required, it is important to define which 

decision variables are relevant to consider and what data is given from previous planning stages (as this 

design also should link the results from the S&OP process), and measurements or registers kept by the 

company. Hence the second sub-question is: 

2. Which decisions variables and parameters should be considered in the design of the forecasting model 

to execute the distribution process efficiently? 

Within the product portfolio of Hilti, due to regulations and product characteristics, products have been 

clustered into groups. Some of these groups cannot be mixed when shipping. Furthermore, there are 

some products classified as dangerous goods for which shipping restrictions exist, such as that they can 

                                                             
3 Due to time constraints, this thesis project will provide an implementation guideline for the forecasting model for 
distribution planning but will not include the actual implementation. 
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only be shipped in full containers, for example, and products that require temperature control that need 

to be shipped in reefer containers. Considering these restrictions, the third sub-question is: 

3. How can product compatibility/special needs (e.g. temperature control) and other restrictions (e.g. 

dangerous goods which can only be shipped in full containers) be considered within the forecasting 

model?  

When planning within the supply chain context, event management is necessary to lessen the impact of 

a potential unplanned occurrence. The more exact and solid the plan, the lower the risk of potential events 

disrupting the supply chain operations. Hence, as part of the targeted distribution forecasting model, it is 

important to consider active event management such as peaks in the demand, and thus, the fourth sub-

question is posed as:  

4. How can the results from the forecasting model be used to enable active event management in 

distribution? 

For question four the sub question below is important, as a criterion needs to be defined to decide 

whether actions are required in the context of distribution from the resulting volumes of this project: 

4.1 How can a threshold be defined on when event management is necessary? 

1.5. Research Design 

1.5.1. Methodology 

This master thesis is based on the paradigm of design sciences in which the main objective is to develop 

valid and reliable knowledge to be used in designing solutions to real-life problems (van Aken, 2004). To 

develop design knowledge, based on a reflection of the results of the designed solutions, van Aken (as 

cited by Steenhuis & de Bruijn, 2006) developed the reflective cycle shown in Figure 3. Within the 

reflective cycle, a regulative cycle is included to systematically address the problem(s) (van Strien as cited 

by Heusinkveld & Reijers, (2009). 

  
Figure 3: Left: the reflective cycle adapted from van Aken as cited by Steenhuis and de Bruijin, (2006); Right: the regulative cycle 

from van Strien as cited by Heusinkveld and Reijers, (2008) 

Furthermore, this thesis is considered a quantitative-model-based research. According to Bertrand and 

Fransoo (2002), this type of research is based on the assumption that “objective models explain (part of) 
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the behavior of real life operational processes or that capture (part of) the decision-making problems 

faced in real life operational processes.” Therefore, this thesis is structured following the quantitative 

operations research methodology proposed by Mitroff, Betz, Pondy and Sagasti, 1974, modified by 

Landry, Malouin, and Oral in 1983 to include a validity evaluation in what they named the modeling 

validity process (shown in Figure 19 in the Appendix A). This methodology is to be considered during the 

design step of the regulative cycle mentioned before. Based on this model-validating process, the 

structure of this research is divided in four main phases. In between the phases, different validation 

processes will be conducted. The phases and validation processes are explained briefly below: 

Master Thesis phases 

1. Problem Situation. Description and analysis of the current situation and problem.  

2. Conceptual Model. During this phase, an ‘angle of attack’ to solve the problem is selected. 

Therefore, the relevant elements of the problem situation to be included and executed, the 

relationships between elements of interest and the level of aggregation of these elements, among 

others, are defined (Landry et al., 1983).  

3. Scientific Model. In this phase, a quantitative forecasting model is built from the conceptual model 

defining potential causal relationships between the variables.  

4. Solution. During this phase, the forecasting model built during the third phase is solved using the 

solution techniques or procedures available 

The results from these four phases combined will answer the main research question and sub-questions 

described in section 1.4, and will serve as the foundation for the elaboration of an implementation 

guideline, as the actual implementation in the company is not part of the scope of this master thesis.  

Validation processes  

Within the operations research processes to be followed for this master thesis, five types of validation 

activities will be conducted (See Figure 19): 

1. Conceptual validation. During this stage, the degree of relevance of the assumptions underlying 

the conceptual model will be evaluated for the intended practical and academic purposes of this 

research.  

2. Logical validation. During this stage, it is evaluated whether the scientific model describes 

correctly and accurately the problem or situation as defined in the conceptual model.  

3. Experimental validation. The quality and efficiency of the solution mechanism will be evaluated 

during this stage, e.g. the sensitivity of the solution to the changes in the values of parameters 

considered in the model.  

4. Operational validation. The quality and applicability of the solutions is evaluated with respect to 

the intended academic and practical purposes of the model and with respect to the problem 

situation. During this stage, the pilot case will be conducted and its results analyzed. The results 

from this stage will be used further to elaborate the implementation guideline.  

5. Data validation. This stage focuses on the sufficiency, accuracy, appropriateness and availability 

of the data and will be conducted throughout the project.  
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Once the designed solution has been finished and its validity confirmed through a pilot case, a reflection 

step will be conducted to potentially determine the scientific contribution of this thesis by addressing the 

gap between what has already been covered by academic literature and the obtained results.  

1.6. Deliverables 
In the following subsections, an overview of the deliverables is given. Section 1.6.1 describes the expected 

academic deliverables and Section 1.6.2 describes the expected company deliverables. 

 

1.6.1. Academic Deliverables 
The expected academic deliverables include scientifically founded recommendations for the design of a 

forecasting model for distribution with emphasis on the mathematical modeling behind it and the 

contribution to fill in the gap in academic knowledge. 

1.6.2. Company Deliverables 
For Hilti, the following list enumerates the expected deliverables of the master thesis project: 

 As-Is description of current approach to plan future transport capacities. 

 Distribution forecast development for Hilti considering a time horizon of 18 months divided in 

weekly buckets. 

 Process to link forecast to execution proposal including information flow.  

 Pilot case to confirm Distribution Forecast concept developed.  
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2. Literature Review 
This section provides a brief literature review that explores relevant academic contributions in the field 

of study of the focus topic of this MT, that is distribution forecasting and transportation resource capacity 

planning. We start by defining the general concept of distribution planning. Next, we focus on resources-

required capacity planning for distribution, and explore the Distribution Requirements Planning (DRP) 

logic. Finally, we focus on techniques that can be used to estimate the number of transportation resources 

needed to meet the shipment demand.  

2.1. Distribution Planning 
Distribution planning refers to the plan of activities associated with the distribution process, including 

transportation, warehousing, material handling and inventory control. Moreover, distribution planning 

contributes to the integration of supply chain inventories in a single supply function. In order to achieve 

this integration, the strategies and processes of channel intermediaries and producers must be integrated 

and responsive to the demands of the market place, increasing flexibility (Ross, 2015a). Within distribution 

planning, one of the most important activities is capacity planning, which is further explored in the 

following section.  

2.1.1. Distribution Resource Required Capacity Planning 

Capacity planning is defined as the process of matching the demand for resources to their corresponding 

availability, during a specific period of time. Capacity planning involves activities such as assessing the 

existing capacity, forecasting future capacity needs, identifying and analyzing sources of capacity for 

future needs, and evaluating the alternative sources of capacity based on financial, technological, and 

economical considerations (ICAI, 2016). Thus, in the supply chain (SC), the concept of capacity planning, 

as stated by Ross (2015), refers to the balance of the demand requirements and the SC operations 

capacities. 

Moreover, understanding and managing capacity enables firms to make informed decisions improving 

their performance and profitability. According to Brown, Bessant, and Lamming (2012), from a resource-

management point of view, capacity planning aims to maximize resource utilization while matching the 

productive output with the market demand. The authors enumerate six demand characteristics on which 

capacity planning is based: (1) Volume or the total demand of product or service; (2) Variety or range of 

products and services offered; (3) Variation or change in total demand; (4) Variability, change in demand 

for each type of product or service; (5) Predictability of demand; and (6) Perishability of the product or 

service offered. These characteristics are important since fluctuations in the demand increase the 

challenge of efficiently managing capacity. Furthermore, for resources, capacity planning must consider 

characteristics such as the amount of resources available, the possibility of resource substitution, the costs 

of resources and the resource utilization.  

2.1.1.1. Methodologies 

Several methodologies exist to plan capacity and determine the resources needed. These methodologies 

include the Material Requirement Planning Process (MRP), Rough–Cut Capacity Planning (RCCP), and 

Distribution Requirements Planning (DRP) process, based on the same logic as MRP integrating capacity 

availability. However, only DRP will be covered in more depth as it is the one that better fits the topic of 

this thesis, as shown in Chapter 4 (Conceptual Design) of this report.  
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Distribution Requirements Planning is a complex information and control system that, by combining sales 

forecasts, inventory levels and shipping constraints, determines replenishment quantities (resupply) by 

time-phasing demand and supply for each item in the distribution channel (Ross, 1996; Bookbinder & 

Heath, 1988). The time-phasing of the demand and supply is obtained by calculating the net requirements 

from the gross requirements of demand and supply in each time period. This technique uses the same 

logic as MRP. However, instead of a BOM, DRP uses a Bill of Distribution (BOD) in which the time-phased 

requirements are imploded up through the distribution channel (Ross, 2015; Ross 1996). 

Normal DRP involves three main steps: (1) Replenishment requirement assignment to the appropriate 

distribution center; (2) Requirements collection, order release schedule using the BOD; and (3) Current 

gross requirements processing to generate shipping orders (Bookbinder & Heath, 1988). According to Ross 

(2015), as part of these steps, the DRP will refer to the demand forecast when calculating the summarized 

item gross requirements. These requirements are then evaluated against the projected available capacity 

(supply), to calculate the net requirements per item. Next, the DRP will use these net requirements for 

each item’s planned order receipts to ensure that the replenishment order due dates are correctly 

scheduled to meet the item demand. The DRP’s final step involves the calculation and review of the logistic 

resource capacities necessary to meet the schedule of planned orders. These logistic resource capacities 

include the inventory investment, warehouse space, labor and equipment, and transportation needs. Of 

these logistic resources, the last is the focus of this research project.  

Transportation refers to the movement of goods from one echelon of the supply chain to another. This 

movement can be a direct delivery, or an echelon delivery if it goes through intermediate echelons before 

reaching the customer. A shipping plan, in terms of distribution, represents what the firm is going to ship 

and when it must be shipped (Ross, 1996).  

Furthermore, Ross (2015) states that possibly the most important factor preventing the effective control 

of transportation costs is the lack of visibility into the future shipping requirements. Hence, planners need 

to be able to view current and future shipping requirements when developing a cost-effective distribution 

plan. According to Ross, information such as weight, volume, and pallet capacity per product is needed to 

translate the forecasted and planned production orders into transportation planning data elements. 

Therefore, it is important for the planner to have all the critical information to schedule effective 

transportation and loading, keeping in mind the objective of maximizing transportation capacities. 

To estimate the quantity of transport resources, that is, the number of containers and trucks needed to 

efficiently distribute the shipment requirements, different methodologies can be used. The simplest 

method that provides as a result a rough estimation of the number of trucks or containers needed is 

obtained by simply dividing the total amount of volume, weight and number of pallets (if items to be 

shipped are palletized) by the container/truck’s volume, weight and pallet positions capacities 

respectively. From these results, the maximum number of containers/trucks is selected, and usually is 

used as a lower bound for the actual number of containers needed. An example of this is provided by 

Alonso, Alvarez-Valdes, F. Parreño, and Tamarit (2017). However, the authors then proceed to calculate 

an upper bound using a container loading models.  

Using container loading models to estimate the number of containers needed to satisfy the shipment 

demand, however, requires detailed information about the products to be shipped. Two approaches may 

be used to determine the minimum number of containers/trucks necessary. The first approach involves 

the repeated application of the single container loading problem (SCLP), and the second approach 
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includes in its formulation the consideration of multiple containers at the same time. The latter approach 

is known as multi-container loading problem (MCLP). According to Alonso et al. (2017) while, the SCLP 

approach has been studied extensively, the MCLP has attracted less attention. In addition, it has been 

claimed that most studies conducted for MCLP fail to include constraints encountered in practice limiting 

their practical value (Bortfeldt & Wäscher, 2012; Alonso et al., 2017).  

Nevertheless, the MCLP approach is deemed the most appropriate of the two for this MT given that its 

objective is to minimize the number of containers needed to stow the items to be shipped (Eley, 2002) 

which implies the maximization of the utilization of the resources, and the possibility of using integer 

linear programming models to solve this type of problems as proposed by Alonso et al. (2017). Using 

integer linear programming simplifies the implementation in practice and provides flexibility for adding 

or excluding constraints to meet specific requirements of the problem at hand. 
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3. As-Is Analysis 
In this section, an AS-IS analysis is conducted to understand Hilti’s current physical distribution process 

and the dynamics within itself, with the ultimate objective of serving as a starting point to develop a 

distribution forecast model. 

The methods used to elaborate the description of the process were desk research and interviews to 

experts in the process. The desk research was conducted reviewing all available documentation related 

to the process. The interviews, on the other hand, complemented and clarified the information gathered 

from the documentation. Finally, with a more thorough understanding of the current situation a cause-

effect diagram was developed identifying the core problem, its causes and effects (Section 3.3).  

3.1. Global Replenishment Function 
This Master Thesis (MT) will focus on the global replenishment function of Hilti. This function and the 

current physical distribution process will be explained in further detail in the following sections.  

3.1.1. Replenishment flows 

Figure 4 shows a graphical depiction of the distribution flows to replenish the different Market 

Organizations CWs/RDCs from the plants and allied suppliers which, additionally, correspond to the flows 

considered for this master thesis, and that can also be referred as global replenishment. Furthermore, 

according to the volume and frequency of the shipments, these product flows are classified into three 

types. Table 2 shows the classification and the corresponding frequency and volumes applicable for each 

type of flow, and Figure 4 shows the graphical depiction of this classification.  

 
Figure 4: Distribution forecast scope 

 

Table 2: Replenishment flow options according to volume and frequency 

Replenishment flow Frequency Volume 

HAG WH supply Low Small 

Direct supply High Large 

Direct supply via TSP High Medium 

 

For the HAG WH supply replenishment flow, it is worth mentioning that the HAG WHs serve as customer 

order decoupling points (CODP) for products with small volume. In addition, to the different types of 

replenishment flows, the distribution routes are divided in inbound and outbound. Inbound refers to the 
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deliveries from an allied supplier or Hilti plant to a HAG WH, and outbound to the deliveries from an allied 

supplier or Hilti plant to a Market Organization CWs/RDCs through a direct shipment, the HAG WHs or via 

the TSP.  

3.1.2. Replenishment Processes 
At Hilti, there are three types of replenishment processes: (1) Stock replenishment (2) Replenishment 

from an allied supplier, and (3) make to order (MTO) replenishment. The distribution of the products is 

planned according to each one of the types of replenishments. For stock replenishment, an outbound 

delivery is created based on the material (product) availability. The outbound shipment is picked, packed 

and goods are physically prepared for shipment. Afterwards, a transport order is created together with 

all the relevant export documents and a goods issue is posted in the system. 

 

A transport order, in this context, refers to the release of the transportation of the cargo by the 

plants/allied suppliers and Hilti HQ to a third party (forwarder), allowing the direct delivery of goods to a 

destination. The transport order includes information such as: the source of the products, incoterms, the 

quantity to be transported and the destination, and it is sent to the forwarder electronically through email 

or through EDI. Goods issue, on the other hand, refers to the physical departure of products from a 

warehouse reducing its stock registered in the system.  

 

For replenishment from an allied supplier, once the order has been placed, the allied supplier notifies Hilti 

HQ when the product is ready to be picked up and shipped. Hilti HQ books a goods receipt into a virtual 

warehouse and creates an outbound delivery (no pick and pack is conducted), and a transport order is 

created together with all the relevant export documents. Finally, for MTO replenishment, and outbound 

delivery is created automatically based on the sales orders and for which a production order of the same 

quantity is created as well. After the production is finalized, the outbound delivery is generated and goods 

are physically prepared for shipment. A transport order is created together with all the relevant export 

documents and a goods issue is posted in the system depending on the processing times. However, if the 

production is finished after the cut-off time of a day, the shipment is arranged for the day after.  

 

In summary, all replenishment processes start with a replenishment order originated by an order release 

in the receiving MO based on the demand, and finish with a goods receipt at the MO’s CW/RDC, and differ 

in the order execution and processing phase.  

 

3.1.3. Physical Distribution 
The physical distribution (i.e., transportation of the goods) is arranged based either on the material 

availability, or after the shipment is ready if production is late. Additionally, when planning a move of 

material, weight restrictions are verified for each MO corresponding location, and ocean forwarders’ 

shipping schedules are taken into consideration. Depending on the product, volume and destination, the 

transport mode is selected. The standard modes of transportation used for the physical distribution are 

truck and sea freight. Shipments using air freight, on the other hand, are triggered by different factors 

such as the volume to transport, the destination, shipment prohibitions for certain products by ocean 

freight, and the urgency of the shipment (due to lateness or by customer request). Air freight always 

requires authorization.  
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3.1.4. Transport Groups 

For distribution, products are clustered in “transport groups” (TG) depending on product characteristics, 

for instance, if products are classified as dangerous goods or not, if they require temperature control or 

not, and if the products are long (such as channels). However, this classification of the products into TGs 

is mostly for customs paperwork. In practice, all TGs can be shipped together with the exception of TGs 

Z04 and Z05, which cannot be shipped in the same transport unit. TG Z04 and Z05 are dangerous goods 

of classes 8 and 9 accordingly, which due to legal and safety requirements must be kept separate by a 

distance larger than the longitude of a container or truck. 

Table 9, in Appendix B, lists the transport groups and the category of products that are included in each 

transport group, and the type of transport unit (reefer, dry) in which they should be shipped, especially 

for ocean freight. For trucking, the decision on whether Temperature Sensitive Products (TSP2) are to be 

shipped in a reefer truck is done manually before shipment and depends on the weather conditions during 

the transportation.  

 

3.2.  Current Transportation Capacity Planning 
Until now, GLDM department has not had visibility of future volumes for distribution to plan accordingly. 

To lessen the effects of the lack of visibility and its consequences, a tendering process is conducted to 

select forwarders that possess the capacity and flexibility to meet the demand for transportation at any 

given time.  

3.2.1. Tendering Process 

Prior to conducting a tender, the department estimates from the historical records the weights shipped 

during the previous year per product family, such as dangerous goods, channels and temperature sensitive 

products (TSP2).The company knows the weight shipped and the total weight per transportation lane, but 

does not have information on equipment utilization, nor uses demand forecasts to negotiate with the 

forwarders. Both the weight estimates and an average of the weight per cubic meter are provided to the 

third party (forwarder) for the latter to prepare a proposal. Here, the transportation lane defines the 

delivery relationship between a supplying location, a receiving location, and a product; and equipment 

refers to the transportation units (sea containers, trucks).  

When conducting the tendering process, most of the current forwarders working with Hilti are invited to 

participate due to the high resource investment by Hilti if a change of forwarders is required. Hence, new 

forwarders are invited but in a smaller number. 

During the tendering process, current forwarders are evaluated based on service level, lead time offered 

and pricing. After both parties have discussed the conditions of the contract and service expected, if the 

forwarder’s proposal is accepted, the final rates are quoted by the forwarder. The rates are usually per 

100KG all in, that is, no extra surcharges. The rates are provided based on the distance between source 

and destination, weight and, for some products, volume.  

3.2.1.1. Delivery plans 

Delivery plans are in place for the major MOs. In this plan, the days in which shipments will be made are 

detailed during the week. To obtain the delivery plan, an average is obtained from the total volume 

distributed during the previous year to the different MOs, and the loading is distributed during the week, 

also considering the established shipping calendars (ocean freight). The delivery plans are established 
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together with the MOs and serve as a fixed shipping schedule. However, forwarders, regardless of the MO 

of destination, are informed about volumes to ship either the same day or one day in advance. Moreover, 

in some shipping days it might be that there is no product or a pallet for certain route, highlighting the 

need to link the demand forecasts and production plans to the distribution function.  

3.3. Cause – Effect Diagram (Diagnosis) 
Figure 5 shows the cause–effect diagram of the current situation. As can be seen in the figure, the core 

problem is the lack of visibility of future volumes to be distributed. This lack of visibility causes the physical 

distribution of the material to have a reactive nature to the real-time replenishment orders based on the 

material availability date, either when a production order has been completed or is ready to be distributed 

at one of the HQ warehouses. Currently, volumes are unknown to the HQ TM until one-to-two days in 

advance, until the shipment date, or sometimes after the shipment has already left the warehouse or 

plant. Just as the HQ TM, the forwarder is usually informed with one day’s notice or on the same day of 

the shipment. Hence, both HQ TM and the forwarder have little to no time to react to large demand 

swings, increasing, as consequence, the number of express/urgent shipments. Moreover, the reactive 

nature of this process generates the need for highly flexible forwarders with enough capacity to meet the 

volatile volume flows for distribution. 

Another impact of the lack of visibility is reflected in the delivery plans for the larger MOs. As mentioned 

in Section 3.2.1.1, delivery plans are constructed based on the average of the weights distributed for the 

corresponding MOs during the previous year. However, as the demand changes, so do the volumes to 

distribute. It may be, for example, that for a scheduled shipment date the volume is low (e.g. just one 

pallet) and on the next day, the volume will be enough to fill a container or truck depending on the 

destination. By having more visibility of the future distribution volumes, the number of shipments might 

be reduced, enabling consolidation of the current low volumes with upcoming ones to the same 

destination, and potentially switching from a shipment intended to be shipped by air to a standard 

transport mode (truck or sea). Thus, this visibility could improve the existing delivery plans, facilitate the 

forwarders planning to meet Hilti’s demand for equipment, and consequently, potentially reduce the 

transportation costs. 

This consolidation would be possible if the products to consolidate belong to compatible transport groups, 

if the production capacity is sufficient to produce on time, if the due date requested by the MO is met, 

and if the safety stocks are sufficient to meet the demand during the transport delay. Hence, there is a 

cost tradeoff among inventory at both source and destination (safety stock), production capacity, and 

transportation costs.  

As can be seen in Figure 5, the lack of visibility may be caused by an information silo among the materials 

management, production, and the distribution departments. With HIP, Hilti aims to integrate its supply 

chain from end to end. Unfortunately, even in highly integrated supply chains, informational silos still may 

exist. The existing information silo may originate from the uncertainty in final quantities to produce and 

distribute, as, despite of having a forecast, order releases are often delayed by MOs trying to maintain 

their inventories as low as possible. Delaying order release causes high variability in demand planning in 

terms of when an order will occur and in which quantity. Conversely, there are MOs that have 

implemented automatic order release based on the sales forecast and net requirements following the HIP 

workflow which makes the demand flow more predictable, enabling better subsequent production 

planning and ultimately improving the distribution planning.  
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Whilst HIP is addressing the compromise of the MOs and plants to the forecasted quantities, by releasing 

orders when and in the quantities indicated by the forecast, transforming the demand and production 

data into usable information for distribution planning is still necessary. Hence, this MT project is focused 

on the distribution forecast concept that translates the future demand requirements and production plans 

into distribution resource requirements long and mid-term. This concept links the results from S&OP 

process to the distribution of the global replenishment volumes of Hilti, reducing the information silo 

between the departments regarding the future requirements.  

 

 

Figure 5: Cause – effect  diagram (Diagnosis) 
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4. Conceptual Design  
In this chapter, the conceptual design for the long-term and mid-term distribution forecasts is developed. 

This chapter is divided into five sections. Section 4.1 describes the relation between current HIP activities 

and the distribution forecasts. Section 4.2 details the data inputs required for the forecasts computation. 

Section 4.3 describes the source of uncertainty and how it will be managed during the forecasts 

computation. Section 4.4 provides and overview and detail of the distribution forecast concept, and 

finally, section 4.5 provides conclusions derived from the concept developed.  

4.1. Distribution Forecast within HIP 
With HIP, the distribution planning process will be divided into two main sub-processes: (1) Distribution 

Forecast and (2) Allocation Management and Order Fulfillment. The latter refers to the allocation and 

deployment of the production to the different MOs based on their requirements, and on the material 

availability (excess/shortage). The former, on the other hand, is intended to support distribution planning 

activities, linking the demand and supply planning activities included in HIP, to the global replenishment 

distribution function, as observed in Figure 6. The distribution forecast is the focus of this MT, which is 

intended to provide a framework to obtain a long and mid-term distribution volume forecast on a monthly 

basis. 

As can be seen in Figure 6, while the long-term forecast will have an impact on more strategic distribution 

activities such as tendering with forwarders, warehouse sizing and location, route planning and 

maintenance, and the construction of delivery plans; the mid-term forecast will have an impact on more 

operational activities such as warehouse resource requirement planning, which includes labor and 

equipment requirements; and the short-term distribution forecast (short term shipping schedule for truck 

and ocean freight is out of the scope of this project). Moreover, the forecasts within scope are intended 

to break the information silo between planning and production, and the distribution and transportation 

departments identified as one of the root causes of the lack of visibility into future volumes for distribution 

in section 3.3 of the As–Is analysis chapter.  

 

Figure 6: Distribution forecast within HIP framework and impact diagram 
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In the following sections, the three main HIP activities that have an impact either directly or indirectly on 

the distribution forecast depending on their planning horizon and ultimate purpose are discussed. Section 

4.1.1 describes the Sales Forecast Integration Process, Section 4.1.2 explores the S&OP process, and 

section 4.1.3 briefly describes the MPS monthly process.  

4.1.1. Sales Forecast Integration (SFI) 

The SFI is a monthly process that aims to agree, based on different plans and scenarios, on one consensus 

forecast to steer the supply chain. The SFI is composed of 3 sub-processes: (1) Pre-SFI at MO level, (2) SFI, 

and (3) Global demand review. During the Pre-SFI, the sales and marketing insights are integrated with 

the statistical forecast and different scenarios are evaluated at Market Organization level. Subsequently, 

the SFI is conducted. During this stage, a consensus forecast is derived by integrating the materials 

forecast with the financial forecast, and the market and sales forecast. Finally, the global demand review 

process is conducted. During this process, the global demand is consolidated and reviewed, the forecast 

is checked against high-level capacity, the results communicated, and finally, the SFI is signed off for the 

region. Unforeseen demand not captured by the monthly SFI process is managed through a weekly 

exception process and validated by central planning during the weekly MPS.  

The SFI process is relevant to this master thesis because it is from the results from this process that the 

net requirements that will be translated into the future shipment requirements (the outcome of the 

distribution forecasts) are computed. The net requirements will be discussed further in section 4.2.1. 

4.1.2. Sales & Operations Planning (S&OP) 

The aim of the S&OP process is to translate the net requirements obtained from the SFI into capacity 

requirements for feasible supply plans. The S&OP process at Hilti is divided into three sub-processes: (1) 

Capacity preview, (2) Pre-S&OP, and (3) S&OP meeting. 

The capacity preview sub process results in a monthly capacity bandwidth per production line and the 

current planned capacity with a horizon of 18 months. Subsequently, the pre-S&OP process is conducted. 

During this process, the net requirements for production are compared with the obtained capacity 

bandwidths from the capacity preview process. Additionally, stock projections are made in order to 

conduct a comparison with the overall company's objective with respect to the target stock levels. Finally, 

a monthly production plan per production is proposed and used in the following sub-process. 

Finally, during the S&OP meeting, the monthly supply plan per production line is finalized considering 

different supply scenarios. This supply plan includes a production plan that contains monthly production 

hours per production line and shifts model for the month. The results from the S&OP process serve as 

inputs for the Master Production Scheduling process (monthly). 

The S&OP process will have an indirect impact on the distribution forecasts. It has been discussed further 

given that its outcome serves as input for the monthly Master Production Scheduling (discussed in the 

next section), which is more closely related to the distribution forecast. Moreover, understanding the 

S&OP process provides insights on the integration of the sales and supply planning functions provided by 

HIP. 
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4.1.3. Master Production Scheduling (Monthly) 

During the monthly MPS process, the monthly hours per production line, derived from the S&OP process, 

are split into weekly hours per setup group of products for at least the next three months depending on 

the production plant. Set up groups are defined as groups or products with almost identical bills of 

material with differences only found in labeling and specific custom packaging (Elhadji, 2016). 

Additionally, during this process, an ideal production pattern is built that adheres to the defined capacity 

per setup group for the different weeks. These production patterns serve as input for the weekly MPS in 

which the weekly production planning is made on item level and reflected in the system. 

This process is considered relevant to this master thesis because once the production patterns have been 

established the availability date proposed for the net requirements (main input for the distribution 

forecasts) is updated automatically in the system. The availability date for the net requirements will be 

discussed further in section 4.2.1.1. 

4.2. Data Inputs 
In this section, the inputs needed to compute the distribution forecasts and the resource capacity 

requirements are enumerated. While Section 4.2.1 describes the dynamic data inputs, which refer to data 

that changes as updates become available, Section 4.2.2 describes the static data inputs which include 

the information provided by the master data such as weight per item piece, volume, and the number 

pieces of each item per pallet.  

4.2.1. Dynamic data inputs 

4.2.1.1. Planned Net Requirements 

According to Ross (2015), one the most important factors inhibiting the effective control of transportation 

costs is the lack of visibility into future shipping requirements. These future shipping requirements are 

derived from the net requirements at the supplying facilities within the distribution channel. The net 

requirements are obtained following DRP logic. The DRP logic uses a Material Requirements Planning 

(MRP) implosion technique. Through this technique, the time-phased requirements from lower echelons 

of the supply chain are driven up the distribution channel to become gross requirements on 

predetermined supplying facilities such as upstream distribution centers or plants (APICS, 2015). The gross 

requirements, in consequence, represent the total demand placed on an item and originate from forecasts 

(for Hilti's particular case, the consensus forecast obtained from the SFI process), open customer orders, 

and resupply orders from dependent warehouses. 

Subsequently, the net requirements are obtained from the gross requirements and indicate the quantity 

by which the latter cannot be satisfied without making use of the safety stock available at the CWs and 

RDCs. Thus, the net requirements represent the replenishment quantities, and provide a window into the 

distribution channel planning elements required capacity, that for this master thesis means, the shipping 

demand for each time bucket within the planning horizon.  

Overall, the planned net requirements at Hilti are computed at item level following the logic described 

above and provide the following relevant information for the computation of the distribution forecasts: 

 Pieces per item per source-destination. The number of pieces is obtained considering information 

such as the inventory on hand, confirmed inbound receipts, confirmed production orders, the 

sales forecast, and safety stock levels of the destination, and the net requirements from the next 
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downstream echelon. Furthermore, this quantity is calculated to cover the demand for a defined 

number of days.  

 

 Availability date. The availability date represents the date when the items are available for 

shipment. This date is calculated through backwards scheduling, considering: working days and 

holidays at both source and destination; the goods receipt time at the destination, which refers 

to the time needed in days for the items to be available for customer delivery starting when the 

shipment arrives at the destination; and transportation and production lead times (if applicable, 

depending on the type of the replenishment process followed by each item according to the 

volume and frequency detailed in Table 2 in section 3.1.1 of chapter 3). Moreover, if the source is 

a plant, the availability date of the planned net requirements is updated after the master 

production scheduling. Finally, the availability date is computed in such a way that, if followed, 

replenishment shipments should arrive just in time to avoid having stock outs or below safety 

stock inventories at the destination.  

The net requirements are considered dynamic data inputs because they are updated daily or weekly 

depending on the planning horizon. However, for the distribution forecasts computation, a snapshot will 

be taken of the planned net requirements for both long-term and mid-term planning horizons, just as it is 

done, at Hilti, for the S&OP process described in section 1.1.3 and 4.1.2.  

Nevertheless, the date when the snapshot of the planned net requirements should be taken may vary 

across the different source and destination pairs and the type of items to be shipped. For example, at Hilti, 

it has been established that for temperature sensitive products to be shipped through ocean freight, the 

number of reefer containers required needs to be confirmed two weeks before shipment due to the 

limited number of reefer containers in the market. Moreover, the number of containers is determined 

based on confirmed shipment quantities. Consequently, the planned net requirements for these items no 

longer consider the confirmed shipment quantities and appear to be zero or close to zero for the two 

weeks for which the number of containers has been planned. Hence, the snapshot of the planned net 

requirements should be taken at least two weeks before the first week to be included in the distribution 

forecast planning horizon.  

In summary, the planned net requirements are considered the main input for the computation of both 

long-term and mid-term forecasts as they provide the quantities per item to be shipped per source and 

destination pair and the dates in which these shipments should be made during the planning horizons.  

4.2.2. Static data inputs 

Table 3 summarizes the static data inputs obtained from the master data that are needed to convert the 

net requirements into usable information for transportation planning. Moreover, the table details which 

parameters are needed for each forecast.  
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Table 3: Other inputs distribution forecast 

Category Parameters Distribution Forecast 

Item Dimensions (Width, Length, Height) Long and mid-term 

Weight per piece Long and mid-term 

Compatibility for shipment among items Long and mid-term 
Temperature sensitivity Long and mid-term 

Shipping 
presentations 

Number of pieces of an item per carton Long and mid-term 

Number of pieces of an item per pallet layer Long and mid-term 

Number of pieces of an item per pallet Long and mid-term 

Pallet layer height per item Long and mid-term 

Full pallet height per item Long and mid-term 

Transport 
Units 

Dimensions (Height) Mid-term 

Volume Capacity Mid-term 

Payload (maximum weight capacity) Mid-term 

Type and size of transport units (container, truck) per source-
destination 

Mid-term 

Source/ 
Destination 

Weight limits per location Mid-term 

Pallet type Empty pallet height Mid-term 

Empty pallet weight Mid-term 

Pallet dimensions  Mid-term 

  

4.3. Uncertainty  
According to Morales (2006), the key to making decisions for transport planning is to make them with the 

best information available at the moment when the decision needs to be made, considering the 

uncertainty of the parameters that compromise the quality of the needed information.  

Customer demand is one of the key sources of uncertainty in many freight transportation planning 

systems. In Hilti’s case, the customer demand for shipments is represented by the planned net 

requirements from the different market organizations as mentioned in section 4.2.1.1. These net 

requirements are influenced by the accuracy of the sales forecast, the safety stock levels per item, and 

the ultimate order confirmation. Consequently, it is still likely to encounter some degree of uncertainty 

on precisely when a certain order will need to be shipped and its final quantity.  

Our study addresses uncertainty using a different approach for long-term and mid-term forecasts 

according to their ultimate intended use. These approaches are described next. 

Long-term Distribution Forecast 

The aim for the long-term forecast is to provide useful information for distribution planning. Thus, we aim 

to address the uncertainty by estimating an uncertainty factor to provide an interval for the shipping 

requirements. This approach is derived from one of the methods suggested in the literature, including the 

method developed by Morales (2006), in which the author states that the uncertainty is often 

characterized, to a certain degree, by using intervals considering alternative scenarios to provide a range 

of values around the nominal forecasted quantities. Moreover, this approach is easy to implement, 

provides the user with choices in which the effects of different assumptions or policies are easily visible, 

and it is an inexpensive way to examine uncertainty. 
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To apply this approach, the intervals for the different scenarios can be calculated using historical forecast 

errors, statistical probability intervals (model and empirically based), and the knowledge of experts in the 

field or industry. Consequently, to account for the uncertainty, following this approach, we proposed 

calculating the long-term distribution forecast for different scenarios for the planned net requirements 

taking into consideration the forecast error between the distribution forecast and the actual shipments. 

Additionally, to reduce the potential underestimation of the true levels of uncertainty resulting from using 

this approach, the forecast error will be monitored and updated on a monthly basis. 

Mid-term Distribution Forecast 

The aim of the mid-term forecast, on the other hand, is to provide not just the shipping requirements but 

the transport resource capacity that would be needed to meet the shipping demand. As stated by 

Cardoso, Duarte Oliveira, Barbosa-Povoa, and Nickel (2015) when uncertainty is considered in modeling, 

the number of resources required is usually greater than the deterministic case to ensure that future 

demands will be satisfied.  

Thereby, in our case, we use built in flexibility to absorb the uncertainty of the future shipping 

requirements. To consider this built-in flexibility, the maximum utilization of the resources is limited in 

planning. A conservative 90% is initially chosen as the “maximum” utilization of each transport unit. 

However, the appropriateness of this 90% or whether it should be higher or lower is to be addressed per 

source destination pair by ultimately checking if it allows for feasible short-term shipment schedules.  

4.4. Distribution Forecast Concept 
In this section, the final concept for the long and mid-term distribution forecasts is presented. This concept 
is used to develop the scientific model detailed in chapter 5 and considers the fundamentals presented in 
previous sections of this chapter. We begin with section 4.4.1 providing a general description of the 
proposed distribution forecast concept. In section 4.4.2 a detailed description of the concept developed 
for both long-term and mid-term distribution forecast is given. Sections 4.4.3 and 4.4.4 the uncertainty 
assessment and incorporation into the long-term and mid-term forecast respectively is described, and 
Sections 4.4.5 and 4.4.6 list the assumptions and constraints considered during the development of the 
concept.  
 

4.4.1. Distribution forecast concept | Overview 

The ultimate objective of this master thesis is to develop a framework to forecast future distribution flows, 

for long-term and mid-term planning horizons between sources and destinations for the global 

replenishment function at Hilti, detailed in Figure 4. In addition, both long-term and mid-term forecasts 

will provide an estimation of the number of transport units, the type (reefer, dry) and the average 

utilization of the equipment (i.e., transport units) per time bucket for a specific source destination pair. 

Transport units will refer, hereafter, to containers for ocean freight and trucks for trucking. 

 

It is important to mention that although the framework developed is intended to be applicable for the 

entire global replenishment function, certain aspects such as the uncertainty and flexibility factors will 

require individual analysis of each source destination pair.  

 
Table 4 provides a general description of the inputs, outputs, time horizons and aggregation level for both 
the long-term and mid-term forecasts.  
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Table 4: Distribution forecast general description 

Distribution 
Forecast 

Long-term Mid-term 

Time Horizon 18 Months 3 Months 

Time Buckets Weekly buckets with possibility to aggregate 
to Months 

Weekly buckets with possibility to aggregate 
to Months 

Inputs Planned Net Requirements Planned Net Requirements 

Product information (weight, volume, 
number of pieces per shipping unit (pallet, 
layer)  

Product information (weight, volume, 
number of pieces per shipping unit (pallet, 
layer) 

Transport unit type characteristics (payload, 
height, pallet capacity) 

Transport unit type characteristics (payload, 
height, pallet capacity) 

Output 
  

Weight to be distributed  Weight to be distributed 

Number of pallets  Number of pallets 

Number of layers Number of layers 

Volume to be shipped Volume to be shipped   
Minimum number of transport units and 
type (Reefer and Dry) 

 
Average - Equipment (Transport unit) 
utilization 

 

As can be seen in Table 4, the level of aggregation for both distribution forecasts is weekly and monthly 

buckets. This level of aggregation is a design constraint from Hilti as its current planning processes, 

including S&OP and MPS utilize the same time buckets. Moreover, the demand forecast (SFI) used for the 

S&OP process and the calculation of the planned net requirements is provided in weekly and monthly 

buckets using JDA software for planning horizons of 18 and 4 months out. The weekly buckets are used 

for the weekly production plan and the monthly buckets are used in the S&OP meetings to decide on 

future capacity e.g. number of shifts per machine and number of workers.   

 

4.4.2. Two-Step Approach 

The purpose of the distribution forecast, including both long-term and mid-term, is to provide the 

transportation department with an overview of the expected shipment requirements for the 

corresponding planning horizon. In addition, the distribution forecast is intended to provide an estimate 

of transport resource capacity requirements to meet the shipping demand (i.e., the number of transport 

units needed during the mid-term planning horizon). Thus, to obtain the distribution forecast for both 

planning horizons the following two-step approach is proposed.  

 

1. Shipping Requirements Calculation. The shipment requirements are a result of the translation of the 

planned net requirements into information usable for transportation planning such as volume, 

weight, and number of pallets with the same weekly and monthly buckets aggregation as per Figure 

7. The only difference between long-term and mid-term forecasts is that for the latter no uncertainty 

factor is applied to the net requirements prior to translation.  

 

For this step, a calculation model to make the translation is to be defined. Figure 7 shows the general 

process flowchart of this calculation model which includes the inputs, main activities to be executed 
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and the outputs. As can be seen in this figure, two activities need to be conducted prior to the actual 

translation. The first activity involves the master data (static inputs) detailed in section 4.2.2. The 

master data is obtained from different queries in the system and thus, it needs to be unified and 

prepared to be easily used in the calculation model. The second activity refers to the planned net 

requirements. Because these requirements are provided on a daily level throughout the entire 

selected planning horizon, prior to the actual translation into shipment requirements, the data must 

be aggregated per week or month depending on the time aggregation level chosen. Next, the actual 

translation is to be executed to finally obtain the future shipment requirements. Moreover, due to 

the different characteristics of the products (weight, volume, number of pieces per shipment 

presentation), the translation is done on item level.  

 

 
Figure 7: Distribution Forecast Flowchart 

 

2. Resource capacity requirement planning. To estimate the resource capacity required to meet the 
shipping demand, a container loading problem modified to include business specific constraints 
(detailed in the section 4.4.6) will be used. The conceptual model for this step is shown in Figure 8. 
 

 
Figure 8: Resource Requirement Capacity Planning Conceptual model 

 

4.4.3. Uncertainty | Long-term 
To account for the uncertainty following the approach detailed in section 4.3 (Uncertainty), the 

uncertainty factor is to be calculated from the average forecast error from previous months. The 

calculation model will then be solved for three scenarios, ultimately providing a range within which the 

actual shipment quantities are likely to be realized. The three scenarios assume: (1) 100% forecast 

accuracy, which means that the planned net requirements will be the same as the quantities actually 

shipped; (2) the forecast will be an underestimation of the quantities actually shipped, thus, the 
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uncertainty factor is used to inflate the planned net requirements; and (3) the forecast is an over 

estimation of the actual shipment quantities; therefore, the uncertainty factor is deducted from the 

planned net requirements. The uncertainty factor will be applied after the data preparation and 

aggregation per time bucket step is executed on item level.  

4.4.4. Uncertainty |Mid-term 
To account for the uncertainty, the approach detailed in section 4.3 (Uncertainty) is followed by applying 
a built-in flexibility factor that limits the utilization of the resources (transport units) during the solution 
of the model proposed to estimate the required resource capacity. 
 

4.4.5. Assumptions 
This section presents the assumptions made for the development of the distribution forecast concept. We 

start with the following main assumption: 

 All the planned net requirements are assumed to be shipped on Friday (last working day of the 

week) or the last working day of the month (depending on the aggregation level used).  

 

For both long-term and mid-term forecasts, the assumption could result in an underestimation of pallets 

and ultimately in an underestimation of the number of transport units to be used during a week or month 

(depending on the level of aggregation) since, in real-life, shipments could be done at several points in 

time during the week or month considered. In consequence, for both forecasts, this assumption implies 

that the number of transport units estimated will represent a lower bound.  

Additionally, the following assumptions apply specifically for the resource capacity planning model to be 

developed in the next chapter: 

1. Pre-established standard modes of transportation per source and destination pair are considered for 

the resource capacity requirement planning, with trucking being considered for European countries 

and Russia, and ocean freight for all other countries.  

2. Availability of transport units is unlimited.  

3. Temperature sensitive products are always shipped using a reefer container except for trucking. For 

trucking, whether the items are to be shipped using a refrigerated truck is a decision made by the 

exports department a couple of days prior to the actual shipment depending on the duration of the 

transport and the weather conditions forecasted for this period. Hence, for trucking, only non-

refrigerated trucks are considered.  

4. Container sizes to be used (20ft or 40ft) are predetermined by route (source destination pair) before 

running the model. 

5. Reefer containers and trucks are always more expensive than dry containers and trucks. Hence, 

priority is given to fill reefer containers in their totality because of their cost.  

6. Axle weights of trucks are not considered.  

7. Minimum quantity of shipment is assumed to be a pallet layer; hence quantities less than a layer are 

rounded up to the next pallet layer integer.  

8. Pallet stackability is considered when using the pre-defined pallet construction (pieces per pallet) at 

Hilti (max, 1000kg on top, leading to 3 pallet max). 

9. All products, excluding channels, are shipped in pallets. 

10. Pallets are assumed to be loaded with only one product.  
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11. The pallets are assumed to have the characteristics detailed in Table 5. 

Table 5: Pallet type and physical measurements 

Pallet type Weight (KG) Length (m) Width(m) Height(m) 

EU 25 1.20 0.80 0.144 

US 34 1.02 1.02 0.150 

 

4.4.6. Constraints 
This section enumerates the constraints considered to develop model for resource capacity requirement 

planning: 

Weight limitations and Stackability 

 Weight limits at both the source and destination country of location. 

 Pallets must weigh less than or equal to 500KG (with exceptions). This constraint allows an easier 

pallet handling at the warehouses and enables stackability.  

 For stackability purposes, each pallet can take up to 1,000KG on top of its own weight.  

 No dangerous goods are allowed in LCL. If a full load is not completed these products must be 

shipped through air freight. However, the model only considers as resources standard modes of 

transport (truck or ocean freight).  

Compatibility  

 Between items 

o All products are compatible with each other except for products assigned to transport 

groups Z04 (Dangerous goods class 5.2) and Z05 (Dangerous goods class 8). Transport 

groups Z04 and Z05 cannot be shipped in the same container or truck for safety and legal 

reasons.  

 Between items and container/truck type 

o Temperature sensitive items must always be shipped using reefer containers for ocean 

freight. For trucking, on the other hand, as mentioned in section 4.4.5 (Assumptions), 

whether products are shipped in refrigerated trucks is made within a couple of days prior 

to shipping depending on the weather forecast during the transport duration and time. 

Thus, the compatibility of the products with truck types is not considered.  

Capacity limitations for Ocean freight/trucking  

 Weight, Volume, Internal Height: 

 Ocean freight:  

o Dry: 20 and 40 ft. containers depending on the source-destination pair. 

o Reefer: 40 ft. container 

 Trucking: Euro semitrailer  

These weight capacity limitations, however, are second to the weight limitations in both source and 

destination country of location. 
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 Pallet 

 Depending on the type of pallet and container/truck size for the base layer the following 

capacities apply:  

o Ocean freight: US pallet type: 10 and 22 pallets for 20ft and 40ft container 

respectively; EU pallet type: 11 and 24 pallets for 20ft and 40ft container respectively 

o Trucking: 34 pallets for Euro Semitrailers 

 

4.5. Distribution Forecast Concept Conclusions 
To conclude, the previous sections of this chapter were dedicated to describing how preceding planning 
activities within the HIP framework are related to the distribution forecast, the data inputs required, and 
finally, the concept development integrating the previous sections and detailing the assumptions and 
constraints considered to be valid for the development of a scientific model. Figure 9 summarizes the 
main outputs to be obtained from the execution of the two-step concept developed. These outputs 
provide useful information for decision making for transport planning, by providing visibility into future 
shipment requirements and the potential capacity required per source-destination throughout the length 
of the long-term and mid-term planning horizons. 
 

 

Figure 9: Summary two-step approach distribution forecast concept 

Furthermore, the distribution forecast concept aims to provide the shipment requirements in weekly and 
monthly buckets. No potential smoothing by moving forward or delaying shipments is considered. 
However, by providing the forecast in both weekly and monthly levels of aggregation the results provide 
insights into potential opportunities to level the shipments. Thus, taking as basis the concept developed 
in this chapter, a detailed mathematical formulation is developed in the next chapter of this master thesis 
considering the assumptions and constraints detailed in sections 4.4.5 and 4.4.6 respectively.  
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5. Scientific Model  
This chapter describes the scientific model developed from the conceptual design in three sections. In 

section 5.1, the calculation model for the conversion of the planned requirements into distribution 

quantities is described. In section 5.2, the resource capacity requirement planning is developed, and in 

Section 5.3 the calculation of the utilization of the equipment is detailed based on the results of the 

execution of the calculation model and resource capacity model from sections 5.1 and 5.2 respectively. In 

addition, section 5.4 provides considerations and mathematical formulations pertaining the distribution 

flows via transshipping points. 

5.1.  Calculation Model 
The calculation model introduces the mathematical formulation to be used to convert the planned net 
requirements into shipping requirements. Through this calculation model, we obtain the main outputs of 
information for both long-term and mid-term distribution forecasts as enumerated in Table 4 in section 
4.4 (Distribution Forecast Concept). However, before further mathematical formulae are presented, we 
first start by listing the data sets to be used and their corresponding notations:  
 
𝑂 Set of origins (sources) of products with 𝑖 ∈ 𝑂 (production plants, HQ WHs) 
𝐷 Set of destinations for products with 𝑗 ∈ 𝐽 (CWs and RDCs) 
𝐴 Set of existent links between origins and destinations represented by arcs (routes) with (𝑖, 𝑗) ∈

𝐴 
𝑀 Set of items with 𝑚,𝑚0, 𝑚1,𝑚2 ∈ 𝑀 
𝑇𝐺 Set of transport groups with 𝑢 ∈ 𝑇𝐺 
𝑇𝑅 Subset of transport groups that are temperature sensitive with 𝑢 ∈ 𝑇𝑅𝑠 
𝑇 Planning horizon with𝑡 ∈ 𝑇, in which 𝑡 represents each time bucket (week or month) according 

to the aggregation level chosen.  
 

The information regarding the shipping requirements per time bucket obtained from the calculation 

model is divided into three categories: weight, volume and distribution quantities (i.e., pallets, layers, 

etc.). This information is usually required to plan shipments, specifically to determine the number of 

transport units that are necessary to meet the shipping demand. Consequently, the following subsections 

present the mathematical formulations necessary to obtain the required information divided as follows: 

subsection 5.1.1 presents the formulations to obtain the different distribution quantities, subsection 5.1.2 

for weight, subsection 5.1.3 for volume, and subsection 5.1.4 for distribution quantities to be used in the 

resource capacity requirement model in section 5.2.  

 

5.1.1. Distribution quantities 
By distribution quantities, we refer to the number of cartons, layers and pallets per product 𝑚. All 

calculations presented in this subsection are obtained from the total number of pieces of item 𝑚 (𝐷𝑖𝑗𝑡𝑚) 

from source 𝑖 to destination 𝑗 such that (𝑖, 𝑗) ∈ 𝐴, during period 𝑡. Equation (1) describes the calculation 

of the number of cartons per item 𝑚 from source 𝑖 to destination 𝑗 such that (𝑖, 𝑗) ∈ 𝐴, during period 𝑡 

(𝐶𝑁𝑖𝑗𝑡𝑚), were 𝑝𝑘𝑚 refers to the number of pieces of product 𝑚 per carton. 
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𝑪𝑵𝒊𝒋𝒕𝒎 =
𝑫𝒊𝒋𝒕𝒎

𝒑𝒌𝒎
 

(1) 

 
As mentioned in section 4.4.5 (Assumptions), all products are shipped in pallets. Each pallet is composed 
of certain number of layers, which in turn are composed by a certain number of cartons. Equation (2), 
describes the calculation of the number of layers per item 𝑚 from source 𝑖 to destination 𝑗 such that 
(𝑖, 𝑗) ∈ 𝐴 during period 𝑡 (𝐿𝑖𝑗𝑡𝑚) based on the total number of pieces of item 𝑚 (𝐷𝑖𝑗𝑡𝑚). 

𝑳𝒊𝒋𝒕𝒎 =
𝑫𝒊𝒋𝒕𝒎

𝒑𝒍𝒋𝒎
 (2) 

Equation (3) describes the calculation of the number of pallets per item 𝑚 from source 𝑖 to destination 𝑗 
such that (𝑖, 𝑗) ∈ 𝐴, during period 𝑡 (𝑃𝑖𝑗𝑡𝑚). The pallet type (EU, US) is implicit in the parameter 𝑝𝑝𝑗𝑚  

(number of pieces per pallet for item 𝑚 to destination 𝑗) as it has been already defined for which 
destinations each type of pallet is used.  

𝑷𝒍𝒕𝒊𝒋𝒕𝒎 =
𝑫𝒊𝒋𝒕𝒎

𝒑𝒑𝒋𝒎
 (3) 

As mentioned in chapter 3 (As-Is Analysis) section 3.1.4 (Transport Groups), Hilti has classified its products 
into transport groups according to their characteristics and their transportation legal requirements. 
Despite this classification being mainly for transport paperwork purposes, obtaining the weight per 
transport group is considered important due that through this classification the total weight, or volume 
of temperature sensitive products can be easily derived, as stated in Table 10 (Appendix C). Additionally, 
this classification is important given that products from transport groups Z04 and Z05 are forbidden to be 
shipped together as stated, as well, in section 3.1.4 (Transport Groups). Thus, to obtain the Number of 
pallets per transport group 𝑢 from source 𝑖 to destination 𝑗 such that (𝑖, 𝑗) ∈ 𝐴, during period 𝑡 (𝑃𝑖𝑗𝑡𝑢) 

equation (4) is proposed. In this equation 𝑔𝑚,𝑢 represents a binary variable for which the value is 1 if 

product 𝑚 belongs to transport group 𝑢 and 0 otherwise. 
 

𝑷𝒊𝒋𝒕𝒖 = ∑
𝑫𝒊𝒋𝒕𝒎

𝒑𝒑𝒋𝒎
∗ 𝒈𝒎𝒖

𝒎 ∈ 𝑴

 (4) 

Through equation (5) the total number of pallets of temperature sensitive from source 𝑖 to destination 𝑗 
such that (𝑖, 𝑗) ∈ 𝐴, during period 𝑡 (𝑃𝑖𝑗𝑡𝑟) is calculated. In this equation 𝑔𝑡𝑢,𝑠 represents a binary variable 

for which the value is 1 if transport group 𝑢 is temperature sensitive and 0 otherwise. 

𝑷𝒊𝒋𝒕𝒔 = ∑ 𝑷𝒊𝒋𝒕𝒖 ∗ 𝒈𝒕𝒖,𝒔
𝒖 ∈ 𝑻𝑹

 (5) 

Though it is not detailed, the logic behind equations (4) and (5) can be easily adapted to calculate the 
number of cartons and layers corresponding to each transport group and indicate the respective amount 
of temperature sensitive cartons and layers. 
 

5.1.2. Weight  
The total weight of item 𝑚 to be shipped from source 𝑖 to destination 𝑗 such that (𝑖, 𝑗) ∈ 𝐴 per time bucket 
𝑡 (𝑊𝑖𝑗𝑡𝑚) is obtained from the product of the total number of pieces of item 𝑚 (𝐷𝑖𝑗𝑡𝑚) and the weight per 

piece of the corresponding item 𝑤𝑚. 
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𝑾𝒊𝒋𝒕𝒎 = 𝑫𝒊𝒋𝒕𝒎 ∗ 𝒘𝒎 (6) 

 
The individual item weights per item are added to obtain the total weight to be shipped per period 𝑡 from 
source 𝑖 to destination 𝑗 as described by equation (7). 

𝑾𝒊𝒋𝒕 = ∑ 𝑾𝒊𝒋𝒕𝒎 

𝒎 ∈ 𝑴 

 (7) 

 
The total weight per transport group 𝑢 during period 𝑡 from source 𝑖 to destination 𝑗 (𝑊𝑖𝑗𝑡𝑢) and the total 

weight of temperature sensitive items to be shipped are obtained through equations (8) and (9), which 
follow the same logic of equations (4) and (5). 
  

𝑾𝒊𝒋𝒕𝒔  = ∑ 𝑾𝒊𝒋𝒕𝒎 ∗ 𝒈𝒎𝒖
𝒎 ∈ 𝑴 

  (8) 

𝑾𝒊𝒋𝒕𝒔 = ∑ 𝑾𝒊𝒋𝒕𝒖 ∗ 𝒈𝒕𝒖,𝒔
𝒖 ∈ 𝑻𝑹

 (9) 

Equations (7) to (9) do not consider the weight of the pallets in which the products are shipped. To take 
this weight into account, the modifications (detailed in equations (7.1) and (8.1) are proposed where 𝑤𝑝𝑗 

represents the weight of an empty pallet. The pallet type (EU, US) is implicit by distinguishing by 
destination 𝑗, as it has been already stablished for which destinations each type of pallet is used. 
Nevertheless, equation (9) remains the same, changing only the total weight per transport group (𝑊𝑖𝑗𝑡𝑢), 

which would now be based in equation (8.1) to consider pallet weight.  
 

𝑾𝒑𝒊𝒋𝒕 = ∑ (𝑾𝒊𝒋𝒕𝒎  + ⌈𝑷𝒍𝒕𝒊𝒋𝒕𝒎⌉ ∗ 𝒘𝒑𝒋)

𝒎 ∈ 𝑴 

 (7.1) 

𝑾𝒑𝒊𝒋𝒕𝒖  = ∑ [(𝑾𝒊𝒋𝒕𝒎  + ⌈𝑷𝒍𝒕𝒊𝒋𝒕𝒎⌉ ∗ 𝒘𝒑𝒋) ∗ 𝒈𝒎𝒖]

𝒎 ∈ 𝑴 

  (8.1) 

5.1.3. Volume 
The total volume to be shipped from source 𝑖 to destination 𝑗 such that (𝑖, 𝑗) ∈ 𝐴 during period 𝑡 is 
calculated based on the distribution quantities detailed in subsection 5.1.1. Equation (10) refers to the 
total volume per product 𝑚 (𝑉𝑝𝑖𝑗𝑡𝑚) using as basis the number of pallets as distribution quantity, where 

𝑣𝑝𝑚 indicates the volume per pallet of product 𝑚, and equation (11) refers to the total volume (𝑉𝑝𝑖𝑗𝑡) to 

be shipped. These equations could easily be adapted to calculate the volume using the number of cartons 
and layers instead of the number of pallets. 

 
𝑽𝒑𝒊𝒋𝒕𝒎 = 𝑷𝒍𝒕𝒊𝒋𝒕𝒎 ∗ 𝒗𝒑𝒎 (10) 

𝑽𝒑𝒊𝒋𝒕 = ∑ 𝑽𝒑𝒊𝒋𝒕𝒎 

𝒎 ∈ 𝑴 

 (11) 

 
Furthermore, following the logic of equations (7) and (8), the total volume per transport group (𝑉𝑖𝑗𝑡𝑢) and 

the total volume of temperature sensitive products (𝑉𝑖𝑗𝑡𝑟) from source 𝑖 to destination 𝑗 such that (𝑖, 𝑗) ∈

𝐴 during period 𝑡 can be calculated substituting the weight by the volume determined in equation (10). 
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𝑽𝒊𝒋𝒕𝒖  = ∑ 𝑽𝒑𝒊𝒋𝒕𝒎 ∗ 𝒈𝒎𝒖
𝒎 ∈ 𝑴 

  (12) 

𝑽𝒊𝒋𝒕𝒔 = ∑ 𝑽𝒊𝒋𝒕𝒖 ∗ 𝒈𝒕𝒖,𝒔
𝒖 ∈ 𝑻𝑹

 (13) 

 
Both equations (12) and (13) do not consider the volume of an empty pallet. In order to take this volume 
into account, the modifications detailed in equations (7.1) and (8.1) for weight are proposed, substituting 
𝑤𝑝𝑗 for 𝑣𝑝𝑗 which represents the volume of an empty pallet. To consider the volume of the pallets for 

temperature sensitive products, the logic of equation 9 is applicable, changing the weights per volume 
and the total volume per transport group (𝑉𝑖𝑗𝑡𝑢 ), which would now be based on the modified equation 

(8.1) to consider pallet volume.  
 

5.1.4. Distribution quantities (input) for the Resource Capacity Requirement Model  
The resource capacity requirement model detailed in the following chapter is based on a mathematical 
model for transport vehicle loading. According to Fleischmann (2005), to load a vehicle, the first step 
involves rounding up or down the shipment quantities on the same source-destination lane of every 
product to full load quantities or multiples of. In this master thesis, the loading quantities are rounded up 
and refer to the number of pallets of each product to be shipped. However, to minimize the impact of 
rounding up the quantities to ship and taking into account the assumption 7 enumerated in section 4.4.5 
(Assumptions), that is, the minimum shipment quantity is considered to be a pallet layer in a pallet, the 
following equations are used to calculate the distribution quantities that will serve as an input for the 
resource capacity requirement model.  
 
Equation (14) is used to approximate the quantities of less than a layer to a full layer using the result 
obtained from equation (2). 

𝑳𝑴𝒊𝒋𝒕𝒎  = {
⌈𝑳𝒊𝒋𝒕𝒎⌉ 

𝑳𝒊𝒋𝒕𝒎

𝒊𝒇 𝑳𝒊𝒋𝒕𝒎 < 𝟏

𝒊𝒇 𝑳𝒊𝒋𝒕𝒎 ≥  𝟏
 (14) 

Next, we calculate the number of pallets by dividing the number of layers obtained with equation (14) by 
the number of layers per full pallet of product (𝐿𝑝𝑚) and round the result to the next integer using 
equation (15).  

𝑷𝒊𝒋𝒕𝒎  =

{
 
 

 
 ⌈
𝑳𝑴𝒊𝒋𝒕𝒎

𝑳𝒑
𝒎

⌉

𝑳𝑴𝒊𝒋𝒕𝒎

𝑳𝒑
𝒎

𝒊𝒇 𝒓𝒆𝒔𝒖𝒍𝒕 < 𝟏

𝒊𝒇 𝒓𝒆𝒔𝒖𝒍𝒕 = 𝟏
 (15) 

If the result of the division of the number of layers by the number of layers per full pallet is less than one, 
we define this value as the proportion of a full pallet (𝚼𝒊𝒋𝒕𝒎). This proportion will be used to calculate the 

corresponding proportional weight, volume, and height of that “pallet” with equations (17), (18) and (19) 
respectively. 

𝒘𝒑𝒊𝒋𝒕𝒎 = 𝚼𝒊𝒋𝒕𝒎 ∗ (𝒑𝒑𝒋𝒎 ∗ 𝒘𝒎) (16) 

 
𝒗𝒑𝒊𝒋𝒕𝒎 = 𝚼𝒊𝒋𝒕𝒎 ∗ 𝒗𝒑𝒋𝒎 (17) 

 
𝒉𝒑𝒊𝒋𝒕𝒎 = 𝚼𝒊𝒋𝒕𝒎 ∗ 𝒉𝒑𝒋𝒎 (18) 
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5.2. Resource Capacity Requirement Model 
In this section, the model developed to compute the quantity of resources needed per week as part of 

the mid-term distribution forecast is detailed. The model proposed is based on a linear programming 

model proposed by Alonso et al. (2017) for multi container loading problems considering that the products 

are loaded in pallets. However, the proposed model has extended and modified the original to consider: 

 The assumptions detailed in section 4.4.5 (Assumptions) of the previous chapter.  

 Practical constraints applicable to Hilti detailed in section 4.4.6 (Constraints) during the 

specification of the model in this chapter.  

 Time buckets of the planning horizons 

 Source and destination specification 

 Different types and sizes of transport units (reefer, dry, truck).  

 Conversely to the models proposed Alonso et al. (2017) in which the pallets are constructed while 

solving the model, pallets are assumed to be constructed already following Hilti’s pre-defined 

number of pieces per pallet. 

 Variable pallet stackability: while models that consider product loading in pallets to containers 

usually assume 2 pallets per stack, the model proposed in this report limits the number of pallets 

to stack by weight and height without limiting to just two pallets per stack.  

Prior to detail the mathematical formulation of the model, we enumerate the additional data sets needed 

and their notation: 

𝑀𝐷 Subset of products (𝑀) (usually dangerous goods) with weight limits per transport unit with 
𝑚1 ∈ 𝑀𝐷 

𝑇𝑈 Set of transport unit types (i.e., (1) Reefer, (2) Dry) with 𝑟 ∈ 𝑇𝑈. For trucking, since no 
distinction will be made between reefer and dry, the trucks will be referred to as “dry” in the 
model 

𝐾 Set of transport units with 𝑘 ∈ {1, 2, 3… |𝐾|} large enough to accommodate all the items to be 
shipped.  

𝑁 Set of pallet positions 𝑛 ∈ 𝑁 within the base layer of each transport unit.  
 

Next, we proceed to introduce the list of parameters used for the model to estimate the number of 

transport units required for each time bucket throughout the planning horizon.  

 
ℎ𝑝 Empty pallet height 

ℎ𝑝𝑖𝑗𝑡𝑚 Height per pallet of product 𝑚 

𝑤𝑝𝑗 Empty pallet weight (KG)  

𝑤𝑝𝑖𝑗𝑡𝑚 Weight per pallet of product 𝑚 (no pallet weight included) per destination j. The weight 

will be different since for some locations the type of pallet to utilize is different. 

𝑣𝑝𝑖𝑗𝑡𝑚 Volume per pallet of product 𝑚 (CBM) 

𝑣𝑝𝑗 Volume empty pallet (CBM) per destination 𝑗. The volume will be different since for 

some locations the type of pallet to utilize is different. 

𝑃𝑐𝑗  Maximum transport unit pallet capacity in the base layer per transport unit type 𝑟 and 

destination 𝑗 base layer. The capacity of the transport unit is different per destination 

since different transport modes and pallet types are used.  
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𝑄𝑤𝑟𝑗  Maximum weight per transport unit per destination 𝑗, and transport unit type 𝑟 

considering the weight limitations at both source and destination locations.  

𝑄ℎ𝑟𝑗  Maximum height per transport unit type 𝑟 per destination 𝑗 

𝑃𝑖𝑗𝑡𝑚 Number of pallets of product 𝑚 from source 𝑖 to destination 𝑗 such that (𝑖, 𝑗) ∈ 𝐴 

during period 𝑡  

𝑊𝐷𝑗𝑟  Maximum weight allowed per container type and destination for certain items, usually 

dangerous goods. 

𝑊𝑃 Maximum weight allowed to be stacked on top of a pallet. 

𝑦𝑚,𝑚𝑜
 Matrix that specifies whether product 𝑚 is compatible with product 𝑚0. If the products 

are compatible 𝑦𝑚,𝑚𝑜
 will be 1 and 0 otherwise. 

𝑅𝑗,𝑚,𝑟 Three-dimensional matrix that specifies whether product 𝑚 is compatible with the 

transport unit’s type that is if product 𝑚 can be shipped in a reefer or dry transport unit 

according to the destination and product itself. If the product can be shipped in certain 

type of transport unit for destination 𝑗, 𝑅𝑗,𝑚,𝑟 will be 1 and 0 otherwise. 

𝑀𝑎𝑥𝑆𝑊 Maximum weight allowed to be stacked on top of a base layer pallet.  

 

We now enumerate and describe the decision variables for the model proposed. In total, five decision 

variables are introduced: 

 

𝑇𝑈𝑖𝑗𝑡𝑟𝑘  Binary variable. Indicates if container 𝑘 of type 𝑟 is used from source 𝑖 to destination 𝑗 such 
that (𝑖, 𝑗) ∈ 𝐴 during period 𝑡. If container 𝑘 is used the value of the variable is 1 and 0 
otherwise.  

𝑃𝑖𝑗𝑡𝑟𝑘𝑚𝑛  Specifies the quantity pallets of product 𝑚 that is assigned to container 𝑘 of type 𝑟 assigned 
to pallet position 𝑛. 𝑃𝑖𝑗𝑡𝑟𝑘𝑚𝑛 ≥ 0 

𝑧𝑟𝑘𝑛  Binary variable. Specifies to which position 𝑛 in which transport unit 𝑘 of type 𝑟. If position 𝑛 

in container 𝑘 of type 𝑟 is used the value of the variable is 1 and 0 otherwise. 

𝑓𝑚,𝑘  Binary variable. Indicates if item 𝑚 is assigned to transport unit 𝑘. If product 𝑚 is assigned to 

container 𝑘 the value of the variable is 1 and 0 otherwise. 

𝑥𝑚,𝑟 Binary variable. Indicates if product 𝑚 is assigned to transport unit type 𝑟. If product 𝑚 is 

assigned to transport unit type 𝑟 the value of the variable is 1 and 0 otherwise.  

 

Just as the model proposed by Alonso et al. (2017) and other MCLPs, the objective function of the 

proposed model is to minimize the number of transport units (containers, trucks) needed to meet the 

shipment requirements, or what is the same, to maximize the utilization of the resources (transport units). 

Moreover, the objective function considers the minimization of the number of transport units for each 

time bucket during the entire planning horizon for each source-destination pair and different types of 

transport units (reefer, dry).  

 

The problem is separable in terms of period and source-destination pairs which means, that it could be 

solved per source-destination pair, per time bucket. The model is separable in time due to a design 

constraint from Hilti to provide the future shipment requirements based on the planned net requirements 

for the time bucket under consideration. Hence, the results from both the calculation model and the 
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resource requirement capacity model detailed in this chapter will serve as the first step to improve the 

current transportation planning process.  

 

𝑀𝑖𝑛 ∑∑∑∑∑𝑇𝑈𝑖𝑗𝑡𝑟𝑘
𝑘𝑟𝑡𝑗𝑖

 

 

The objective function is subjected to the following constraints to provide valid results for practical 

purposes, including the constraints detailed in section 4.4.6. Furthermore, the constraints have been 

classified in three categories: (1) flow balance, (2) loading constraints, and (3) domain constraints.  

Flow constraints: 

Constraint (19) verifies that all planned shipment requirements from source 𝑖 to destination 𝑗, in this case 

full pallets are shipped within period 𝑡 and in the correct type of transport unit (reefer, dry, truck) 

∑ ∑ 𝑃𝑖𝑗𝑡𝑟𝑘𝑚𝑛
𝑛∈𝑁|
𝑛≤𝑃𝑐𝑗

𝑘∈𝐾

= 𝑃𝑖𝑗𝑡𝑚 ∗ 𝑥𝑚,𝑟 
∀ (𝑖, 𝑗) ∈ 𝐴, 𝑡 ∈ 𝑇, 𝑟 ∈ 𝑅 (19) 

 

Loading constraints 

Constraint (20) verifies that the weight assigned to each transport unit does not exceed its payload 

capacity considering pallet weights not just the products. The built-in flexibility factor to limit the 

utilization discussed in section 4.3 (Uncertainty) of the conceptual design is included in constraints (20) 

and (21) since the utilization of the transport units is based on both weight and volume. However, this 

built-in flexibility factor (𝐵𝑓) is not considered or is set to 1 for the long-term forecast resource capacity 

calculation as explained in section 4.4.3 (Uncertainty | Long-term). 

∑ ∑ (𝑤𝑝𝑗𝑡𝑚 +𝑤𝑝𝑗) ∗ 𝑃𝑖𝑗𝑡𝑟𝑘𝑚𝑛
𝑛∈𝑁|
𝑛≤𝑃𝑐𝑗

𝑚∈𝑀

≤ 𝑇𝑈𝑖𝑗𝑡𝑟𝑘 ∗ (𝑄𝑤𝑟𝑗 ∗ 𝐵𝑓) 
∀ (𝑖, 𝑗) ∈ 𝐴, 𝑡 ∈ 𝑇, 𝑘 ∈ 𝐾, 𝑟 ∈ 𝑅 

𝑛 ∈ 𝑁|𝑛 ≤ 𝑃𝑐𝑗 
(20) 

 

Constraint (21) verifies that the volume assigned to each transport unit does not exceed the maximum 

capacity considering pallet weights not just the products.  

∑ ∑ (𝑣𝑝𝑗𝑡𝑚 + 𝑣𝑝𝑗) ∗ 𝑃𝑖𝑗𝑡𝑟𝑘𝑚𝑛
𝑛∈𝑁|
𝑛≤𝑃𝑐𝑗

𝑚∈𝑀

≤ 𝑇𝑈𝑖𝑗𝑡𝑟𝑘 ∗ (𝑄𝑣𝑟𝑗 ∗ 𝐵𝑓) 
∀ (𝑖, 𝑗) ∈ 𝐴, 𝑡 ∈ 𝑇, 𝑘 ∈ 𝐾, 𝑟 ∈ 𝑅 

𝑛 ∈ 𝑁|𝑛 ≤ 𝑃𝑐𝑗 
(21) 

 

Constraint (22), adapted from Alonso et al. (2017), fills the available pallet positions within a transport 

unit creating stacks without surpassing the transport unit’s maximum height, conversely to the constraint 

proposed by Alonso et al. (2017). 

∑((ℎ𝑝𝑗𝑡𝑚 + ℎ𝑝𝑗) ∗ 𝑃𝑖𝑗𝑡𝑟𝑘𝑚𝑛)
𝑚∈𝑀

+ (ℎ𝑝𝑗 ∗ 𝑧𝑟𝑘𝑛)−ℎ𝑝𝑗−≤ 𝑇𝑈𝑖𝑗𝑡𝑟𝑘 ∗ 𝑄ℎ𝑟𝑗  
∀ (𝑖, 𝑗) ∈ 𝐴, 𝑡 ∈ 𝑇, 

 𝑘 ∈ 𝐾, 𝑟 ∈ 𝑅, 𝑛 ∈ 𝑁|𝑛 ≤ 𝑃𝑐𝑗  (22) 

 

Constraint (23), adapted from Alonso et al. (2017) ensures that the pallet position 𝑛 is filled if at least one 

pallet is assigned to it. 
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𝑧𝑟𝑘𝑛 ≤ ∑ 𝑃𝑖𝑗𝑡𝑟𝑘𝑚𝑛
𝑚∈𝑀

 ∀ (𝑖, 𝑗) ∈ 𝐴, 𝑡 ∈ 𝑇, 𝑘 ∈ 𝐾, 𝑟 ∈ 𝑅,

𝑛 ∈ 𝑁|𝑛 ≤ 𝑃𝑐𝑗 
(23) 

 

Within Hilti’s product portfolio, products classified as normal goods can be shipped in both reefer and dry 
containers as detailed in Table 10 in the Appendix C. To prevent doubling the volumes of this type of 
products constraint (24) is included. This constraint verifies that each product 𝑚 is assigned to only one 
type of transport unit (dry, reefer). 

∑ ∑ 𝑥𝑚,𝑟
𝑚∈ 𝑀𝑟 ∈𝑇𝑈

= 1 ∀ (𝑖, 𝑗) ∈ 𝐴, 𝑡 ∈ 𝑇, 𝑘 ∈ 𝐾 (24) 

 

As mentioned in subsection 3.1.4 (Transport Groups) in Chapter 3 (As-Is Analysis), within Hilti’s product 

portfolio products classified in transport groups Z04 and Z05 cannot be shipped in the same transport 

unit, i.e., they are considered incompatible. Consequently, constraints (25) and (26) are included to ensure 

that only products that are compatible are loaded in the same transport unit.  

 
𝑃𝑖𝑗𝑡𝑟𝑘𝑚𝑛  ≤ 𝑀 ∗ 𝑓𝑚,𝑘  ∀ (𝑖, 𝑗) ∈ 𝐴, 𝑡 ∈ 𝑇, 𝑘 ∈ 𝐾, 𝑛 ∈ 𝑁|𝑛 ≤ 𝑃𝑐𝑗 (25) 

𝑓𝑚,𝑘 + 𝑓𝑚𝑜,𝑘
− 1 ≤ 𝑦𝑚,𝑚𝑜

 ∀ 𝑚 ∈ 𝑀,𝑘 ∈ 𝐾 (26) 

Hilti manages products considered dangerous goods. These types of products could at some point in time 

present certain limitations in the amount of weight allowed to be shipped per transport unit. To verify 

that these weight limits are not violated constraint (27) is included.  

∑ ∑ 𝑃𝑖𝑗𝑡𝑟𝑘𝑚𝑛
𝑛∈𝑁|
𝑛≤𝑃𝑐𝑗

𝑚∈𝑀𝐷

∗ 𝑤𝑝𝑗𝑚 ≤ 𝑊𝐷𝑗𝑟 
∀ (𝑖, 𝑗) ∈ 𝐴, 𝑡 ∈ 𝑇, 𝑘 ∈ 𝐾, 𝑟 ∈ 𝑅 (27) 

 

Each transport unit type (container (dry, reefer) and truck) has its own capacity limits in terms of pallet 

positions in the base layer depending on the pallet type (US, EU) used. For example, for a 40-foot reefer 

container, using US pallets to ship the products, the maximum number of pallets that fit in the base layer 

is 22. However, how many pallets can be stacked on top of each other depends on both height and weight. 

While the height has been considered through constraint (22), the maximum stackable weight is 

considered with constraint (28). The maximum stackable weight to be place on top of a pallet’s own 

weight is 1000 KG. 

∑ ((𝑤𝑝𝑗𝑡𝑚1
+ 𝑤𝑝𝑗) ∗ 𝑃𝑖𝑗𝑡𝑟𝑘𝑚𝑛) +

𝑚1∈𝑀𝐷

𝑤𝑝𝑗 ∗ 𝑧𝑟𝑘𝑛 − 𝑤𝑝𝑗 ≤  𝑀𝑎𝑥𝑆𝑊 ∀ (𝑖, 𝑗) ∈ 𝐴, 𝑡 ∈ 𝑇, 𝑘 ∈ 𝐾, 𝑟 ∈ 𝑅 (28) 

 

Constraint (29), adapted from Alonso et al. (2017), though not required for the completeness of the 

model, forces the transport units to be used in ascending order by increasing order of index. This 

constraint, as stated by the authors reduces the size of the enumeration tree.  

𝑇𝑈𝑖𝑗𝑡𝑟𝑘 ≥ 𝑇𝑈𝑖𝑗𝑡𝑟[𝑘+1] ∀ (𝑖, 𝑗) ∈ 𝐴, 𝑡 ∈ 𝑇, 𝑘 ∈ 𝐾, 𝑟 ∈ 𝑇𝑈 (29) 
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Domain constraints 

Constraint (30) ensures that the number of pallets is greater than 0 (non-negativity) and integer, and 

finally, constraints (31) to (34) express the domain of the binary decision variables. 

                            𝑃𝑖𝑗𝑡𝑟𝑘𝑚𝑛 ≥  0; integer ∀ (𝑖, 𝑗) ∈ 𝐴, 𝑡 ∈ 𝑇, 𝑟 ∈ 𝑅, 𝑛 ∈ 𝑁|𝑛 ≤ 𝑃𝑐𝑗  (30) 

𝑇𝑈𝑖𝑗𝑡𝑟𝑘 ∈ {0,1}  (31) 

𝑥𝑚,𝑟 ∈ {0,1}  (32) 

𝑓𝑚,𝑘 ∈ {0,1}  (33) 

𝑧𝑟𝑘𝑛 ∈ {0,1}  (34) 
 

5.3. Equipment average utilization 
In this section, a proposal is made to calculate the average utilization of the resources per time bucket 

based on the results of the model developed in section 5.2. To calculate the average utilization, we first 

compute the total weight from source 𝑖 to destination 𝑗, such that (𝑖, 𝑗) ∈ 𝐴 during period 𝑡, per, transport 

unit type 𝑟 per transport unit 𝑘, (𝑊𝑖𝑗𝑡𝑟𝑘) through equation (35). 

𝑊𝑖𝑗𝑡𝑟𝑘  = ∑ ∑ (𝑃𝑖𝑗𝑡𝑟𝑘𝑚𝑛
𝑁|

𝑛≤𝑃𝑐𝑗

∗ (𝑤𝑝𝑗𝑡𝑚 +𝑤𝑝𝑗)
𝑚 ∈ 𝑀 

) 
∀ (𝑖, 𝑗) ∈ 𝐴, 𝑡 ∈ 𝑇, 𝑟 ∈ 𝑇𝑈, 𝑘 ∈ 𝐾 (35) 

Next, we calculate the total volume from source 𝑖 to destination 𝑗, such that (𝑖, 𝑗) ∈ 𝐴 during period 𝑡 per 

transport unit type 𝑟 per transport unit 𝑘, (𝑉𝑖𝑗𝑡𝑟𝑘) using equation (36). 

𝑉𝑖𝑗𝑡𝑟𝑘  = ∑ ∑ (𝑃𝑖𝑗𝑡𝑟𝑘𝑚𝑛 ∗ (𝑣𝑝𝑗𝑡𝑚 + 𝑣𝑝𝑗
𝑁|𝑛≤𝑃𝑐𝑗

))
𝑚 ∈ 𝑀 

 ∀ (𝑖, 𝑗) ∈ 𝐴, 𝑡 ∈ 𝑇, 𝑟 ∈ 𝑇𝑈, 𝑘 ∈ 𝐾 (36) 

With the total weight and volume shipped per transport unit, we calculate the average utilization of the 

transport units based on weight (𝑈𝑤𝑖𝑗𝑡𝑟̅̅ ̅̅ ̅̅ ̅̅ ) and volume (𝑈𝑣𝑖𝑗𝑡𝑟̅̅ ̅̅ ̅̅ ̅̅ ) as described in equations (37) and (38) 

respectively for the total transport units required per type 𝑟 from source 𝑖 to destination 𝑗 such that 

(𝑖, 𝑗) ∈ 𝐴 during period. 

𝑈𝑤𝑖𝑗𝑡𝑟̅̅ ̅̅ ̅̅ ̅̅  = ∑ 𝑊𝑖𝑗𝑡𝑟𝑘/ [∑(𝑇𝑈𝑖𝑗𝑡𝑟𝑘) ∗ 𝑄𝑤𝑟𝑗
𝑘 ∈𝐾

]

𝑘 ∈𝐾

 ∀ (𝑖, 𝑗) ∈ 𝐴, 𝑡 ∈ 𝑇, 𝑟 ∈ 𝑇𝑈, 𝑘 ∈ 𝐾 (37) 

𝑈𝑣𝑖𝑗𝑡𝑟̅̅ ̅̅ ̅̅ ̅̅  = ∑ 𝑉𝑖𝑗𝑡𝑟𝑘/ [∑(𝑇𝑈𝑖𝑗𝑡𝑟𝑘) ∗ 𝑄𝑣𝑟𝑗
𝑘 ∈𝐾

]

𝑘 ∈𝐾

 ∀ (𝑖, 𝑗) ∈ 𝐴, 𝑡 ∈ 𝑇, 𝑟 ∈ 𝑇𝑈, 𝑘 ∈ 𝐾 (38) 

  

Finally, we calculate the average utilization of the transport units of type 𝑟, from source 𝑖 to destination 𝑗 

during period 𝑡 with the equation (39). 

𝑈𝑖𝑗𝑡𝑟̅̅ ̅̅ ̅̅  = max {𝑈𝑤𝑖𝑗𝑡𝑟̅̅ ̅̅ ̅̅ ̅̅ ,𝑈𝑣𝑖𝑗𝑡𝑟̅̅ ̅̅ ̅̅ ̅̅  } ∀ (𝑖, 𝑗) ∈ 𝐴, 𝑡 ∈ 𝑇, 𝑟 ∈ 𝑇𝑈 (39) 
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5.4. Distribution flow via transshipping point 
Figure 3 in section 3.1.1 (Replenishment flows, Chapter 3) shows three types of replenishment flows: (1) 

Direct supply from source to destination, (2) HAG WH supply, and (3) Direct supply via the transshipment 

point (TSP). The type of replenishment flow depends on the volume and frequency of the replenishments 

for the different products. Both the direct supply and HAG WH supply replenishment flows can be 

assessed with the concept and scientific models developed in this master thesis. In the first case (direct 

supply) sources and destinations are well defined. In the second case (HAG WH supply), flows from plants 

and allied suppliers to HAG WHs are considered independently from the flows with HAG WHs as sources 

and the different MOs as final destinations. However, for the third type of flow (via TSP), the complexity 

increases.  

According to Bris (2010), transportation problems including transshipment are considered multi-phase 

transportation problems in which the flow of products between source and destination is interrupted in 

at least one point. In the case considered in this Master Thesis,  the complexity is caused by three key 

issues: (1) For these flows, the planned net requirements provided by the system in some cases do not 

reflect the course of the product through the TSP. (2) in some cases the forwarders that transport the 

products from the plants or HAG WH to the TSP for consolidation are not the same as the forwarders that 

transport the products from the TSP to their final destination; and (3) the products shipped via the TSP 

are unloaded and loaded again in a different transport unit, and remain at the TSP on average less than a 

day, which within the concept developed, in which flows are aggregated by week, could cause 

discrepancies in the final outputs, specifically for amount of resources needed.  

Despite the previous considerations, the amount of product to be shipped via TSP from a source can be 

estimated if, (1) a known percentage of the total shipping demand of each product goes through the TSP, 

and (2) if it has been pre-established per route which products go via TSP to their final destination. For 

the first case, equation (36) is proposed and for the latter equation (37).  

We then, introduce two new data sets that are needed for the formulation of the equations:  

𝑆 Set of Transshipping points with 𝑠 ∈ 𝑆 
𝑀𝑆 Subset of products shipped  via TSP  𝑚2  ∈ 𝑀𝑆 

 

In equation (36), 𝑢𝑖𝑗𝑠𝑡𝑚  represents the proportion of the planned net requirements per product (in this 

case, pallets 𝑃𝑖𝑗𝑡𝑚) that is shipped via TSP 𝑠 ∈ 𝑆, per time period from source 𝑖 to destination 𝑗. Hence, 

𝑃𝑖𝑗𝑠𝑡𝑚  represents the total amount of product 𝑚 to be shipped via TSP from source 𝑖.   

𝑃𝑖𝑗𝑠𝑡𝑚  = 𝑃𝑖𝑗𝑡𝑚 ∗ (𝑢𝑖𝑗𝑠𝑡𝑚) ∀ 𝑗 ∈ 𝐷, 𝑡 ∈ 𝑇,𝑚 ∈ 𝑀 (36) 
 

If the products that are shipped via TSP to a certain destination are known, then equation 37 is used.  

𝑃𝑖𝑗𝑠𝑡𝑚  = 𝑃𝑖𝑗𝑡𝑚2
 ∀ 𝑗 ∈ 𝐷,𝑚2 ∈ 𝑀𝑆, 𝑡 ∈ 𝑇 (37) 

In addition, the shipping quantities per product 𝑚 to be shipped from TSP are determined with equation 

(38) which represents the total amount of product 𝑚 from all possible sources per destination 𝑗.However, 

at Hilti, usually, the products have only one source.  

𝑃𝑠𝑗𝑡𝑚  = ∑ 𝑃𝑖𝑗𝑡𝑚
𝑖 ∈ 𝑂 

 ∀ 𝑗 ∈ 𝐷, 𝑡 ∈ 𝑇, 𝑚2 ∈ 𝑀𝑆 𝑜𝑟 𝑚 ∈ 𝑀 (38) 
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6. Pilot Case | Proof of concept 
This chapter describes the pilot case used to verify if the concept and scientific model developed in this 

research yields valid information for the intended purposes of both long-term and mid-term forecasts. 

The chapter is divided into three sections. In section 6.1 the design of the pilot case is described. Section 

6.2 discusses the implementation of the concept and scientific model and the results, and Section 6.3 

provides conclusions and recommendations derived from the pilot case.  

6.1. Pilot case scope & design 
This section describes the design of the pilot case used to prove the concept and scientific model 

developed in chapters 4 and 5, respectively.  

Figure 10 shows the route chosen as the scope of this pilot case. The source for this route is Plant 6. This 

plant, located in Kaufering, Germany, was chosen as the source as it is presumed to be a good candidate 

regarding the generalizability of the pilot case results for the following 2 reasons: (1) Plant 6 is the plant 

in which the implementation progress of HIP is most advanced; and (2) the wide range of products 

produced in this facility which includes motors, premium drill bits, anchor channels, bonded anchors and 

firestop products. The chemical products (chemical anchors and firestops) add complexity to 

transportation due to characteristics that include temperature sensitivity (5-25°C) and dangerous goods 

classification.  

 

Figure 10: Pilot Case scope 

As destination, on the other hand, the CW 6000 in Huston (United States) was chosen for the following 

reasons: (1) Transport mode is ocean freight with two types of containers (reefer and dry), and (2) Based 

on historical shipment data, as can be seen in Figure 20 in Appendix D, shipments are executed almost 

every week of the year.  

Weekly snapshots of the projected net requirements for this route were taken covering up to 3 months 

for the mid-term planning horizon and up to 18 months for the long-term planning horizon. These 

snapshots were taken for the period of time ranging from June 2017 to January 2019 for the long-term 

forecast, and June-September 2017 for the midterm forecast. Furthermore, to evaluate the quality of the 

forecasts obtained, actual shipment data corresponding to the period from June to mid-July 2017 was 

obtained.  

6.2. Concept Implementation and Results 
The concept and scientific model were implemented using a combination of Excel and the optimization 

software AIMMS. Table 6 details which software was used for each activity to compute the distribution 

forecast.  
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Table 6: Software utilized for the execution of the distribution forecasts activities 

Activity Forecast Software 

Data preparation Mid and Long-term Microsoft Excel4 

Translation Mid and Long-term Microsoft Excel 

Resource Requirement Capacity Planning Mid-term AIMMS5 

Equipment average Utilization Mid-term Microsoft Excel 

Forecast Error Monitoring Mid and Long-term Microsoft Excel 

 

In the following paragraphs, we will discuss the results obtained after the implementation of the concept 

with data from the source-destination pair selected.   

Forecast Error  

 

The accuracy of the predicted shipment requirements using the concept developed was measured using 

the mean absolute percentage error (MAPE), which expresses the error as a percentage. The error was 

calculated using the forecasted and actual shipment weights per week during the period running from 

week 25 (June) to week 28 (July) were compared against the actual shipped weights during the same 

period to measure the forecast error. The results are shown in Table 7. 
Table 7: Forecast Error 

2017 Actual FCST Error Abs Error %Error O/U FCST 

25       33,600.43      20,192.59  -          13,407.84                 13,407.84  39.90% 39.90% 

26       33,687.71      31,707.52  -            1,980.19                   1,980.19  5.88% 5.88% 

27       36,306.91      28,933.47  -            7,373.45                   7,373.45  20.31% 20.31% 

28       31,442.58      31,448.99                       6.41                           6.41  0.02% -0.02% 

   MAPE 16.53% 
 

 

Furthermore, the column described as O/U FCST, in Table 7, indicates, besides the forecast error, the 

forecast bias in percentage. The forecast bias indicates whether the forecast under or over estimates the 

projected shipment quantities (Klimberg, Sillup, Boyle, & Tavva, 2015). In this particular case, the actual 

quantities shipped are larger than the projections three out of the four weeks monitored which with the 

data available seems to indicate a positive bias. A positive forecast bias means that the forecast 

underestimates the actual shipment quantities. However, the available data is insufficient to assess 

whether this underestimation is consistent and if in a higher aggregation level the over or under 

estimation of the forecast compared with the actual shipments needs to be improved. Nevertheless, 

initially, the forecast bias and error could be explained as the result of delays in production and deviations 

between the planned net requirements and the confirmed orders by the MO that with the ongoing 

implementation of HIP is expected to be reduced. 

Uncertainty factor  

 

                                                             
4 Microsoft®  
5 AIMMS B.V. 
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As mentioned in section 4.4.3 (Uncertainty | Long-term), the MAPE is chosen as the uncertainty factor to 

be used to provide a range in which it is expected that the actual shipment quantities will be realized. The 

forecast error is chosen as the uncertainty factor as it relates the historical data with the projected values. 

Unfortunately, since no previous data was available for future shipment requirements, the forecast error 

measured during the period ranging from week 25 (June) to week 28 (July) is used as the uncertainty 

factor for the long-term forecast. This lack of previous data to compare against historical values limits the 

insights that the behavior of the forecast error and bias measurements could provide over time, and limits 

the use of other measurements such as the variability between the forecasted values and actual 

shipments as well. Thus, the forecast error should be monitored and updated every time the forecast is 

computed. 

 

On the other hand, using a standard deviation of the future requirements was not deemed appropriate 

since the demand of the items may vary between each other and may not reflect the potential differences 

between actual shipments and the forecasted requirements. Additionally, no historical data beyond the 

actual shipments used to compute the forecast error was chosen to calculate a factor since the 

implementation of HIP and the potential changes of the demand behavior over time may cause the 

historical data not to accurately describe the future shipment requirements.  

Distribution Forecasts  

As mentioned in section 4.2.1 (Dynamic data inputs), at Hilti, it has been established that for temperature 

sensitive products shipped through ocean freight, the number of reefer containers required needs to be 

confirmed two weeks before shipment due to the limited number of reefer containers in the market. The 

number of containers is determined based mostly on confirmed shipment quantities that are no longer 

reflected in the planned net requirements for those corresponding two weeks. Consequently, for the 

source destination pair from Plant 6 to the Huston CW, though the snapshot was taken from the first week 

of June, the forecasted shipments will be considered from Week 25 instead of Week 23. 

Shipment requirements | Long-term forecast 

 

Figure 11 and Figure 12 show graphically the future shipment requirements in weights (Kgs) for the long-

term forecast in both weekly and monthly buckets considering the uncertainty factor. Figure 21 and Figure 

22 in Appendix E show the forecasted volumes in pallets and volumes for both weekly and monthly 

buckets.  From the figures, peaks in shipment volumes can be detected potentially increasing the reaction 

time to handle them appropriately.  
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Figure 11: Long-term forecast (weekly buckets) - Weights P6-HUS6000 

 

Figure 12: Long-term forecast (monthly buckets) - Weights P6-HUS6000 

 

Shipment requirements | Mid-term forecast 

 

Figures in Appendix F, graphically show the results of the mid-term forecast in term of shipping 

requirements. Just as for the long-term forecast, the values are shown in weekly and monthly buckets. 

However, no min/max range for the distribution quantities is provided, as the uncertainty is considered 

directly in the resource requirement capacity planning step.  

 

We now focus on the results obtained from the resource requirement capacity model for long-term and 

mid-term distribution forecasts.  

Resource Requirement Capacity Planning | Long-term forecast 

 

Figure 13 shows the resource capacity requirement obtained from the forecasted distribution 

requirements for the three scenarios described in section 4.4.3 (Uncertainty | Long-term) chapter 4 in 
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three potential realizations for the planned net requirements are evaluated. (1) 100% forecast accuracy, 

which means that the planned net requirements will be the same as the quantities actually shipped; (2) 

the forecast will be an underestimation of the quantities actually shipped, thus, the uncertainty factor is 

used to inflate the planned net requirements; and (3) the forecast is an over estimation of the actual 

shipment quantities.  

 

As can be seen in Figure 13, the number of 40-foot refrigerated containers per week needed during the 

period of time shown from week 25 of 2017 to week 3 of 2018 has a minimum of two and a maximum of 

5 during peaks considering the maximum value obtained from scenario two. 

 

Figure 13: Long-term forecast capacity requirement scenarios (min/max) P6-HUS6000 

Figure 14 shows the forecasted resource capacity requirement in monthly buckets using only the 

projected shipment requirements considering a forecast accuracy of 100% (scenario 1). The utilization of 

the equipment is expected to be consistently over 80%. Peaks in container demands are expected in both 

in August 2017 and January 2018. 
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Figure 14: Long-term forecast (monthly buckets) P6-HUS6000 

 

 

Resource Requirement Capacity Planning | Mid-term forecast 

Figure 15 and Figure 16 show graphically the results for the number of transport units required and their 

average utilization for weekly and monthly time aggregations respectively.  The average utilization is 

calculated considering the built-in flexibility factor of 90%.  

 

Figure 15: Mid-term forecast resource requirement (weekly buckets) 
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Figure 16:Mid-term forecast resource requirement (monthly buckets) 

As has been mentioned before, weekly and monthly buckets were used when implementing the concept 

and scientific model. Both time buckets were implemented to provide insights into the potential saving 

possibilities by maximizing the utilization of the transport units. Table 8 provides an overview of the 

required capacity, average utilization of the equipment, total number of pallets, weight, and volume to 

be distributed during the period covered by the planning horizon. As can be seen in the table, the 

utilization of the equipment improves reassuring that when less shipments are executed the resources 

are better utilized which could potentially reduce the transportation costs. 

Table 8: Monthly versus Weekly aggregation resource requirements 

Aggregation level Month Week 

Total No. 33 39 

Average Utilization 88.1% 76.6% 

Total No. Pallets 1,371 1,371 

Total Weight (KG) 514,346.28 514,346.28 

Total Volume (CBM) 1,523.46 1,523.46 

 

Distribution quantities approximation impact 

 

Additionally, the impact of the approximation of the shipping quantities to full layers mentioned in section 

5.1.4 (Distribution quantities (input) for the Resource Capacity Requirement Model) Chapter 5 was 

measured at weekly level. Out of the mid-term planning horizon within scope only for week 25, an 

approximation to full layers was needed. The approximation represented an increase of 2.09% in weight 

and 2.12 % in volume over the shipment requirements obtained from the translation of the planned net 

requirements for that specific week.  

Actual versus forecasted distribution quantities  
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To evaluate the validity of the model, historical shipment data, corresponding to the same period for 

which the forecast error was computed, was used as an input for the model to compare the results 

obtained with those of the forecasted quantities.  Figure 17 shows the comparison between actual and 

forecasted results from the resource requirement capacity planning model.   

As can be seen in Figure 17, the number of transport units differs only in week 27 by one container, which 

might be attributed to the under forecasting evidenced in Table 7. Overall, from these results, the model 

seems to compute the required resources effectively.   

 

Figure 17: Actual versus Forecasted resource requirement 

6.3. Conclusions and Recommendations 
This section provides conclusions and recommendations based on the results of the implementation of 

the concept and specific to the case. 

Although the results of the pilot case provide an introduction into the information to be derived from the 

concept developed for the distribution forecast, the concept could not be 100% validated as the data 

available to evaluate the accuracy of the forecasts is limited. Thus, further exploration with more data 

points for the forecast error is required. To this end, the shipment requirements obtained from the 

forecast are necessary which with the implementation of the forecast concept and its monitoring will now 

be available. 

Moreover, from both historical shipment information (shipment weight variability Figure 20 and Table 11 

in Appendix D), and the forecasted shipment requirements (Figure 11), opportunities to smooth the 

shipment quantities can be observed between high and low peaks to maximize the utilization of the 

containers and potentially reduce costs.  However, to smooth shipments by moving them forward or 

delaying them other factors have to be considered such as the production and inventory control policies 

in place and the desired level of customer service.  

Furthermore, it is also worth noticing that the concept, although designed with the objective of being 

applicable for the entire global replenishment function, involves certain factors that require individual 

analysis for the different source-destination pairs. Hence, the concept serves as a starting point for the 
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computation of the forecasts (mid-term and long-term) and resources required (mid-term) to execute the 

transportation of the global replenishment function. Moreover, as defined in section 4.2.1.1 (Planned Net 

Requirements) and as evidenced by the results of the forecast error and comparison between forecasted 

and actually shipped quantities, the accuracy of the distribution forecast highly depends on the reliability 

of the execution of the planned net requirements as projected in the system. However, with HIP, the level 

of coordination between the different supply chain echelons is increasing having as consequence a more 

predictable demand flow that would enable an improved and more accurate distribution planning.  

In term of the master data needed to compute the distribution quantities for the pilot case, although is in 

its majority complete needs to be carefully checked and maintained.  
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7. Distribution Forecast To-Be Process  
In this chapter the flow of activities to be performed during the execution of the distribution forecast is 

described. 

The distribution forecast for both mid-term and long-term horizons follow a similar sequence of steps. 

Figure 18 (enlarged in Appendix G) shows an IDEF0 scheme that details the activities and sequence of 

execution to obtain the distribution forecast volumes.  

 

Figure 18: IDEF0 scheme Distribution Forecast 

Prior to translate the planned net requirements into future distribution requirements, two steps need to 

be taken. First, the master data corresponding to the products to be shipped for the source-destination 

pair selected needs to be extracted and checked for missing or inconsistent information. The master data 

that contains all the information needed to properly compute the forecasts (detailed in Chapter 4 and 5) 

is obtained from different queries in the system. To simplify the calculations for a tool offline (i.e., in Excel) 

the master data needs to be integrated into one database. Once the master data has been prepared, 

reviewed and corrected (if necessary), it is ready to use as input for the planned net requirement step.  

However, prior to the actual translation, the snapshot taken from the planned net requirements needs to 

be aggregated accordingly to the time bucket chosen (weekly, monthly) per product. Once these steps 

have been completed the actual translation is done using the calculation model detailed in section 5.1. 

Here, for the long-term forecast, it is necessary to additionally compute the distribution requirements for 

the other two scenarios (min and max) considering the uncertainty factor derived from the forecast error.  

Currently, there is no data to compute the forecast error for the majority of the source-destination pairs. 

In this case, a factor based on experience could be used considering as well the distributed volumes of the 

previous year.  
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With the results from the translation considering the approximation to full layers as described in section 

5.1.4, the resource capacity planning model is executed. For the long-term for the three scenarios and for 

the mid-term considering the built-in flexibility factor, which after short-term schedules for the forecasted 

weeks have been executed, should be reviewed and adjusted accordingly.  

Finally, the forecast accuracy is evaluated comparing the actual shipment data the forecasted quantities 

using the performance measure. Initially, the MAPE measurement is suggested to evaluate the accuracy. 

Moreover, the forecast bias should also be monitored to understand the potential discrepancies between 

forecast and actual data and to improve the quality of the forecast.  

As can be seen in Figure 18, the tools suggested for the computation of the forecasts are the ones used 

for this master thesis. With these tools a forecasting tool could be built integrating all the steps to obtain 

the final forecast.  
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8. Conclusions & Recommendations 
This chapter concludes this master thesis by providing answers to the defined research questions (Section 

8.1), discussing the scientific contribution and limitations (Section 8.2), and providing suggestions for 

future research and future work at Hilti (Section 8.3).  

8.1. Answers to Research Questions 
In this section, we conclude the thesis by answering the main research question proposed at the beginning 

of this master thesis project. We first answer the sub questions derived from the main research question: 

Sub question 1: How is the distribution planned currently?  What is the “As – Is” situation? 

As detailed in in the As-Is analysis (Chapter 3), currently, HQ Transport Management department lacks 

visibility into the future distribution volumes. Volumes become known for the HQ TM with one –two days 

in advance, until the shipment date, or sometimes after the shipment has already left the source. 

Therefore, the lack of visibility causes the distribution, specifically the transportation of the global 

replenishment function, to have a reactive nature to the real-time replenishment orders based on the 

material availability date at the source and generates the need for highly flexible forwarders that 

ultimately increases the transportation costs for the company.  

Sub question 2: Which decisions variables and parameters should be considered in the design of the 

forecasting model to execute the distribution process efficiently? 

As described in section 4.4 (Distribution Forecast Concept) the long-term and mid-term forecasts are 

computed using the calculation model detailed in section 5.1 to translate the planned net requirements 

into future shipment requirements in terms of weight, volume, and number of pallets. To this end, the 

parameters needed to compute the shipment requirements per item are summarized in Table 3 in section 

4.2.2 (Static data inputs). For this step, no decision variables are needed. However, for the mid-term 

forecast, an additional step is executed to calculate the resource capacity needed to meet the shipping 

demand. For this additional step, the main decision variable to be considered is the number of transport 

units (transportation resource) per type (reefer, dry or truck), per source destination pair, per period for 

the entire planning horizon. Nevertheless, in section 5.2 supporting decision variables are detailed that 

aid in the solution of the model to ultimately compute the value of the main decision variable.  

Sub question 3: How can product compatibility/special needs (e.g. temperature control) and other 

restrictions (e.g. dangerous goods which can only be shipped in full containers) be considered within the 

forecasting model?   

Within Hilti’s product portfolio, products classified into transport groups Z04 and Z05 (both dangerous 

goods groups) are not allowed to be shipped together. Additionally, Table 10 (Appendix B) details the 

transport groups that contain temperature sensitive products and that, at least for ocean freight, need to 

be shipped using reefer containers. Both special requirements are considered in constraints (25) and (26) 

for product compatibility, and constraint (24) and (19) for temperature sensitivity defined in section 5.2 

(Resource Capacity Requirement Model). Moreover, if weight limits for shipments of dangerous goods 

were to be in place, constraint (27) ensures that during the resource capacity planning these limits are 

complied with.  
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Sub question 4: How can the results from the forecasting model be used to enable active event 

management in distribution? 

4.1 How can a threshold be defined on when event management is necessary? 

The visibility of future distribution volumes provided by the distribution forecasts enables active event 

management by extending the reaction time to rises in the shipment demand of the HQ transport 

management department and the forwarder. A threshold could be defined by monitoring when the 

predicted values are likely to fall out of the bounds of the planned distribution resources.  

Finally, after answering the sub questions, we can answer the main research question:  

 

How can a forecasting model be designed to translate future demand requirements into 

transportation resource requirements? 

The distribution forecast concept developed is based on the understanding mainly of two key aspects: (1) 

the understanding of the current transportation planning process within scope, and (2) key inputs and 

outputs for the distribution forecast. The first, is explored in Chapter 3 (As-Is analysis) and summarized in 

sub question 1. The second aspect, has been discussed in the conceptual design (chapter 4) including  the  

inputs and outputs and their relation to planning activities such as demand forecasting, S&OP and the 

monthly MPS, and their potential impact in other distribution planning activities, and the uncertainty. 

The distribution forecast concept can be divided in two main activities: (1) Translation of the planned net 

requirements into future shipment requirements and (2) resource capacity requirement planning. These 

activities are executed through the calculation model and resource capacity requirement model 

respectively developed in Chapter 5 (Scientific Model). 

8.2. Scientific Contribution & Recommendations for future research 
In this section, the scientific contribution of this master thesis project is provided together with 

recommendations for future research related to the topic.   

The literature found during the literature search for this Master Thesis Project regarding transportation 

requirements forecasting, does not assess the topic as such. Most of the research conducted in 

transportation planning covers subjects such as distribution network design, vehicle routing, and 

intermodal transportation. Moreover, even though the future shipment requirements calculation is 

addressed indirectly through concepts such as Distribution Requirements Planning (DRP) which are 

equivalent to planned net requirements, it does not actually consider the translation of the net 

requirements into information useful for distribution planning (weights, volumes, pallets). It also does not 

consider the uncertainty of shipping requirements derived from the demand, nor the maximization of the 

utilization of transportation resources. Thus, this research provides the missing step through the 

calculation model proposed in chapter 5. In addition, other distribution planning activities could be 

benefited by the availability of the information provided by the distribution forecasts, such as transport 

capacity planning (constrained and unconstrained available capacity), warehousing resource requirement 

capacity planning, and tendering processes with forwarders among others.  

However, what is considered the main contribution to scientific knowledge of this Master Thesis project 

is found in the model to plan for the required resource capacity. Although, based on the highly-researched 
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loading container problem, specific research on multi container loading problems is scarce. The model 

developed not only covers the basics of multi-container loading problems, but also provides planning 

flexibility as it is able to consider the loading of multi-products (palletized) into different types of 

containers (reefer, dry); compatibility constraints between the products, weight limitations on the 

amount allowed to be shipped for certain products (e.g. dangerous goods), and pallet stackability. 

Furthermore, this model could be easily adapted to other industries such as retail where products such as 

fish and detergents not only are not compatible, but require different temperature conditions.   

8.3. Recommendations for future work at Hilti  
Due to feasibility, the effort needed to develop a tool capable of performing all the activities to obtain the 

distribution forecasts and resource requirements capacity planning was not considered in this mater 

thesis. It is recommended to initiate a project together with IT to first, determine the system requirements 

and second, to develop a fully functional tool to forecast the distribution volumes based on the concept 

developed in this master thesis and the description of the process to be in Chapter 7.  Additionally, it is 

recommended to validate the concept by executing another pilot case for products such as channels that 

are not palletized and have different shapes and to include the shipments via TSP.  

Furthermore, with the future shipment requirements visibility provided by the distribution forecast, it is 

recommended to consider the optimization of transportation by dynamically scheduling shipments 

optimizing the utilization of the transport units taking advantage of the economies of scale of shipping full 

load containers and trucks. However, further integration between production and inventory control 

policies is needed as delaying or moving shipments forward would have an impact on the inventory levels, 

storage capacities, and potentially production scheduling, especially for JIT shipments. Moreover, the 

potential impact of the visibility of future distribution quantities should be evaluated for the subsequent 

distribution planning activities such as tendering, delivery plans, and route planning and maintenance. 
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Appendix A 
 

 

Figure 19: Model validating process - Research Model by Mitroff et al. (1974) by Landry, Malouin, and  Oral (1983)  

 

 

Appendix B 
Table 9: Transport groups 

Transport Group Description 

CH 2-meter channel  

CH3 3-meter channel 

CH6 6-meter channel 

NR Normal goods 

ZTA Temperature controlled goods / Refrigerated goods (Sea, Reefer) 

ZWB Wall saw blades 

Z01 Dangerous goods class 1 / Cartridges 

Z02 Dangerous goods class 2 

Z03 Dangerous goods class 3 

Z04 Dangerous goods class 5.2 

Z05 Dangerous goods class 8 

Z06 Dangerous goods class 9 

Z99 Tools containing Lithium Batteries 

Z1B Lithium Batteries Only 
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Appendix C 
 

Table 10: Temperature sensitivity per transport group  

Transport Group Temperature 
Sensitivity 

Container type 
(Ocean Freight) 

CH No Dry 

CH3 No Dry 

CH6 No  Dry 

NR No Dry/Reefer 

ZTA Yes Reefer 

ZWB No Dry 

Z01 No  Dry 

Z02 No Dry 

Z03 No Dry 

Z04 Yes Reefer 

Z05 Yes Reefer 

Z06 No Dry 

Z99 No Dry 

Z1B No  Dry 

 

Appendix D 
 

 

Figure 20: Historical data shipments (weights) P6-HUS6000 (per week) 
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Table 11: Average shipment volatility per year (weekly shipments) P6- HUS 6000 

Year Mean Volatility 

2015          28.938,35  61,64% 

2016          31.373,01  53,14% 

2017          37.122,41  42,15% 

2015-2017          31.391,71  54,48% 

 

Appendix E 

 

 

Figure 21: Top: Long-term forecast (pallets) monthly buckets P6-HUS6000; Bottom: Mid-term forecast (pallets) weekly buckets 
P6-HUS6000 
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Figure 22: Top: Long-term forecast (Volume, CBM) weekly buckets P6-HUS6000; Bottom: Mid-term forecast (Volume, CBM) 
monthly buckets P6-HUS6000 

 

 

 

 

 



57 
 

Appendix F 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 24: Left: Mid-term forecast - Weights (KG) P6-HUS6000 (Monthly buckets); Right: Mid-term forecast – Weights 
(KG) P6-HUS6000 (Weekly buckets) 

Figure 23: Left: Mid-term forecast - Volumes (CBM) P6-HUS6000 (Monthly buckets); Right: Mid-term forecast - Volumes (CBM) 
P6-HUS6000 (Weekly buckets) 
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Appendix G 
 

 

Figure 25: IDEF0 scheme Distribution Forecast (enlarged) 


