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Foreword 

Over the last three decades, research and industry intensively investigated 
effective planning and control methods in the value chain. Supply chain 
management (SCM) and Advanced Planning Systems (APS) became key 
words at the interface between business administration, operations research 
and computer science. Among other industries, the process industry spe-
cifically chemicals, steel and food is a primary application area for SCM 
and APS due to decision complexity as well as volume and value impor-
tance of material flows. Research for these industries focused on produc-
tion and supply network planning. Supply chain management started to 
overcome functional separation by organizational units and research disci-
plines in marketing, sales, logistics, production, procurement and control-
ling towards a process-oriented thinking. But still, there was a clear separa-
tion between demand and supply as well as volume and value focus 
leading to local but not global optima. While production – mostly the rela-
tively inflexible part of the chain – was in the focus of optimization and 
simulation models, sales and procurement prices and volumes were mainly 
treated as given to be fulfilled and optimized locally. Profitability was 
mainly measured with ex-post or static contribution margin analysis by 
controlling functions. 

This relatively stable system now faces increasing volatility and com-
plexity due to volatile demand and raw material prices as well as global-
ization in markets and company networks. Specifically, price-volatile 
commodity products within the chemical industry require planning vol-
umes together with values across sales to procurement. In this context, the 
work of Matthias Kannegiesser focuses on two research questions: 

• How can volumes and values within the value chain be managed in an 
integrated way? 

• Specifically, how can a global commodity value chain within the 
chemical industry be planned by values and volumes? 

The first question targets an enhancement of supply chain management 
towards value chain management with integrated volumes and value plan-
ning. The second question is related to a specific industry type as basis to 
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develop and evaluate a volume and value planning model in detail for a de-
fined scope. 

The study provides valuable insights for research and industrial practice. 
At the beginning, the author reviews different management concepts in the 
value chain either demand, supply or value-oriented. The author proposes 
an integrated framework for value chain management as an interdiscipli-
nary structure consisting of separated concepts. 

The study focuses then on value chain planning in the chemical industry 
and describes industry characteristics specifically for commodity products. 
Commodities are standard products produced in mass production of high 
volumes. They received less attention in supply chain management re-
search due to a lack of complexity in production and distribution. Here, 
commodities are a suitable area for developing an end-to-end value chain 
planning model since sales and raw material price volatility needs to be 
jointly managed with volumes throughout the chain to ensure profitability. 
The study specifies planning requirements for a global commodity value 
chain in general. A state of the art analysis of recent literature reveals that 
requirements are covered only partly by developed specialized models 
with lack of integration. 

In the main part of the study, the author develops a model fulfilling the 
postulated requirements and proves the applicability in a comprehensive 
industry case (research questions 1 and 2). The model contains new inno-
vative solutions such as sales price and volume planning based on price-
quantity functions and linear turnover approximation, planning of future 
inventory values, global transportation and transit inventory planning, pro-
duction throughput smoothing or the handling of variable raw material 
consumptions rates in production. Industry case results show the impor-
tance of joined planning volumes and values in a global network: changes 
of prices or exchange rates require a change of volumes to ensure profit-
ability. 

As a result the study opens various new research areas investigating the 
joined management of volumes and values in different industries or on the 
strategic or operative value chain management level. 

 
Prof. Dr. Paul van Beek 
Prof. Dr. Hans-Otto Günther 
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1 Introduction 

In human history, global trade existed already in the ancient world, when 
people started to trade natural resources, animals or products with other 
global regions. Early examples are the imports of domesticated animals 
from Asia to the Sahara between 7,500 and 4,000 BC, the Silk Road from 
Southern Asia across the Middle East to Europe or the Amber Road. In the 
Middle Ages, international sea trade was fostered in Europe around cities 
of Venice, Genoa, Dutch and Flemish cities or by the Hanseatic League. 
The search for new global trade routes was a driver for discoveries like the 
arrival of Columbus in America looking for a new sea trade route to India 
(N.N. 2005a; N.N. 2005b; N.N. 2005c). Global trade in ancient world was 
challenged by significant transportation time, risks and costs, as well as 
demand and supply information asymmetry between regions and trade bar-
riers such as tariffs or missing convertibility of currencies. 

With the beginning of the 21st century, global transportation times, risks 
and costs decreased dramatically, communication and information tech-
nology enabled people to overcome geographical distances and to reduce 
information asymmetry between global regions. In addition, trade barriers 
and market protectionism were systematically reduced through trade 
agreements like the General Agreement on Tariffs and Trade (GATT) and 
organizations like the World Trade Organization (WTO). 

On the micro-economic level, simple company value chains consisting 
of buying products to optionally make other products out of it, to distribute 
and sell these products with a margin to customers become complex net-
works with globally spread out locations. Globally operating companies 
face the task to manage volumes and values in this network in a profitable 
way to ensure competitiveness and business sustainability. 

This work investigates the problem to jointly plan volumes and values 
in a global value chain network for commodity products in the chemical 
industry. The chemical industry is a process industry sector offering prod-
ucts produced in repetitive production processes carrying out specific 
physical and chemical reactions (Günther/van Beek 2003a, p. 2). The 
chemical industry is one of the key global industries with chemical product 
sales of € 1,776 billion globally in 2004 (CEFIC 2005, p. 3). Globalization 
with regional growth differences and commoditization with price pressure 
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are important trends within the chemical industry (CEFIC 2005, p. 17 and 
pp. 28-30; Rammer et al. 2005, pp. 37-48). The management of global ma-
terial flows poses new challenges on the chemical industry companies
since considerable value can be gained from optimizing of the complex 
global networks (Günther/van Beek 2003a, p. 5). 

Additional challenges exist specifically for chemical commodities. 
Commodities are standard products with a defined quality, where price is 
the key buying criterion. Commodities are often volatile in sales and pur-
chasing prices as well as volumes: increasing crude oil prices lead to 
higher raw material prices in procurement while dynamic customer mar-
kets specifically in Asia lead to a sales price and volume volatility. These 
dynamics in volumes and values through the value chain directly impact 
company’s profitability as shown in fig. 1. 

Fixed Variable Turnover

Supply 
costs

Sales
turnover

ProfitTotal 

Price & 
volume

volatility

Volume-
dependent

Price &
volume

volatility

+

–

Profit 
volatility

Variable

Procure-
ment

Production  & 
distribution SalesTotal

supply costs

 

Fig. 1 Challenges to manage values and volumes in a commodity value chain 

We give some explanation on fig. 1. 

• Sales turnover on the right side of the figure is volatile not only by vola-
tile sales volumes and prices 

• Supply costs on the left side of the figure are volatile mainly caused by 
volatile procurement volumes and prices; within supply, fixed produc-
tion costs are given and not decision relevant in the short/medium term; 
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variable production and distribution costs such as transportation and 
warehousing are variable dependent on volumes 

• Overall commodity businesses face a high margin volatility as a conse-
quence of the volatility in turnover and supply costs requiring to manage 
volumes and values in an integrated way 

Cause-effect-relations of these dynamics in the value chain may still be 
obvious, when operating a simple value chain comprising few products, 
locations and production steps. Considering the global multi-stage, multi-
location value chain network, price changes in raw materials cannot di-
rectly be related to intermediate or even sales products and their prices. 
This problem requires specific planning models and methods. 

1.1 Research Field Overview 

The research field related to the problem to plan values and volumes of a 
global chemical commodity value chain network is structured into: 

• a general research field overview to define the interdisciplinary research 
field of value chain management as theoretic background combining 
specialized research fields that investigate the value chain and appropri-
ate management concepts 

• a specific research field overview of state of the art research results re-
lated to the problem of planning a global chemical commodity value 
chain network 

General Research Field Overview 

Management concepts in the value chain are the generally relevant re-
search fields for the work. Value chain as a term was initially defined by 
Porter “disaggregating a firm into its strategically relevant activities in 
order to understand the behavior of costs and the existing and potential 
sources of differentiation”. Porter’s value chain consists of a “set of activi-
ties that are performed to design, produce, market, deliver and support its 
product” (Porter 1985, pp. 33-40). Developed management concept areas 
for the value chain can be classified by specialization on values, demand or 
supply: 

• Value-oriented management concepts focus on determination of ex-post 
profitability in the value chain as well as decision support value indica-
tors based on given demand and supply volumes. Sub-fields are finan-
cial accounting, profit and cost controlling (Götze 2004; Götze/Bloech 
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2004) as well as recent value-based management concepts (Hostettler 
2002; Revsine et al. 2004). 

• Demand-oriented management concepts focus on sales price and sales 
quantity decisions to maximize turnover with a given or unrestricted 
supply. Demand-oriented research areas are micro-economics specifi-
cally for price mechanisms (Varian 1994), sales and marketing (Effort 
1998; Kilter/Keller 2005) and recently revenue management (Cross 
2001; Tallury/Van Ryzin 2005). 

• Supply-oriented management concepts focus on procurement, produc-
tion and distribution decisions to minimize supply costs for a given de-
mand. Supply-oriented research areas are production management (Gün-
ther/Tempelmeier 2003), logistics management (Schönsleben 2004), 
supply chain management and advanced planning (Shapiro 2001; Cho-
pra/Meindl 2004; Stadtler/Kilger 2005; Bartsch/Bickenbach 2002; 
Dickersbach 2004; Günther 2005) as well as procurement and sourcing 
(Dobler et al. 1977; Large 2000; Chen et al. 2002; Talluri/Narasimhan 
2004; Monczka et al. 2004; Melzer-Ridinger 2004). 

The specialization of management concepts lead to several problems in 
planning a global commodity value chain: maximizing sales volumes and 
production utilization only can reduce profitability due to high raw mate-
rial costs; maximizing purchasing volumes only can reduce profitability 
due to high inventory costs and/or missing demand. The planning problem 
requires an integrated approach across the value chain from sales to pro-
curement. The specialized research areas have to be combined to an inte-
grated value chain management framework as the basis for the specific 
tasks for planning a global value chain for commodities in the process in-
dustry. 

Problem-specific Research Field Overview 

The problem to monthly plan a global value chain for commodities in the 
chemical industry puts specific requirements considering on the aspects of 
values, sales, distribution, production and procurement planning in a 
global network. Recent research related to value chain planning can be 
clustered into global-oriented, chemical industry-oriented or commodity-
oriented research.  

Models with a global scope are found mainly for strategic network de-
sign problems, where location decisions in a global company network need 
to be optimized (Arntzen et al. 1995; Vidal/Goetschalckx 2001; Goet-
schalckx et al. 2002). These models consider exchange rate, import tariffs 
and tax rate differences as global specifics in network design decisions. 
Recent papers develop also global planning models on a more tactical level 
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(Chakravarty 2005; Kazaz et al. 2005). Industry-specific global planning 
models on a monthly level considering also transportation lead times be-
tween regions or transit inventories could not be found in current literature. 

Supply chain management, production management and planning mod-
els in the chemical industry have been a field of intensive research in prac-
tice and science during the last years. Several industry studies analyze the 
status, requirements and areas of supply chain management also consider-
ing the chemical industry (Chakravarty 2005; Kazaz et al. 2005). Scientific 
research focuses on production (Günther/van Beek 2003b). Subjects to re-
search are the production and logistics characteristics and planning re-
quirements in the chemical industry (Loos 1997; Kallrath 2002a), detailed 
scheduling models especially for batch production (Blömer 1999; Neu-
mann et al. 2000; Trautmann 2001; Neumann et al. 2002) and in some 
cases continuous production (Zhou et al. 2000) or hierarchical production 
planning (Hauth 1998) or multi-site production and supply network plan-
ning problems in complex company networks providing production syn-
chronization planning methods (Timpe/Kallrath 2000; Berning et al. 2002; 
Kallrath 2003; Grunow et al. 2003a; Grunow et al. 2003b; Berning et al. 
2004; Levis/Papageorgiou 2004; Yang 2005; Timpe/Kallrath 2000). Inte-
grated production and distribution network design and planning are ad-
dressed by Grunow (2001) and Timpe/Kallrath (2000). While production 
and distribution are intensively investigated due to the complexity and 
cost-importance of capital-intensive production assets in the chemical in-
dustry, procurement and demand management in the chemical industry 
value chain are less investigated. An example for a procurement model is a 
spot and contract procurement planning model by Reiner/Jammernegg 
(2005). Demand-oriented models investigating demand and classical fore-
casting of demand quantities in the chemical industry can be found for ex-
ample in practice-oriented industry cases (Franke 2004). 

Commodity models are traditionally related to natural resource com-
modities such as agricultural products e.g. sugar, coffee, metals or crude 
oil. Economists investigated pricing and market mechanisms for these 
commodity markets especially during the 1970s and 1980s during the oil 
crisis from a macro-economic perspective (Meadows 1970; Labys 1973; 
Labys 1975; Hallwood 1979; Guvenen 1988). From a micro-economic 
perspective, commodities are considered in financial market research 
(Roche 1995, Clark et al. 2001; Geman 2005). These models focus on 
commodities traded on international exchanges. Regular analysis and re-
search are conducted to analyze the development of demand, supply and 
prices for natural resources but also for industry commodity products 
(Commodity Research Bureau 2005). Planning commodities in the chemi-
cal industry has to deal with demand volatility and uncertainty in volumes 
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and prices as with sales quantity flexibility. Several authors proposed 
models to handle demand uncertainty in general focusing on quantities 
(Cheng et al. 2003; Gupta/Maranas 2003; Cheng et al. 2004; Chen/Lee 
2004). Uncertainty is reflected by demand quantity scenarios and/or prob-
abilities. Proposed models maximize expected or robust profit. Process in-
dustry-specific models use simulation to address demand uncertainty and 
to determine optimal inventory levels (Jung et al. 2004). 

1.2 Research Gaps and Questions 

The first research field overview reveals that management research disci-
plines are specialized focusing on either supply, demand or values. Porter 
was the first to recognize the anatomy of a value chain with the interde-
pendencies between functional units to create value. However, he did not 
provide a structured management framework helping companies to trans-
late the value chain anatomy into integrated management processes. Sup-
ply chain management research made great progress towards this goal but 
was still limited to the integration of production and distribution decision 
making with focus on volumes and costs neglecting price and volume de-
cision making in procurement and sales.  

The purpose of this work is to contribute to taking supply chain man-
agement to the next level and to complete Porter’s value chain mission of 
integrating decision making in management processes throughout the 
value chain overcoming separation into demand, supply and value-
orientation. For that reason we believe that this work is new. The chemical 
industry and specifically with its price-volatile commodities is the perfect 
application field given the complexity in the industry value chain as well 
as the volatility in volumes and values. The benefits of integrated value 
chain management will get transparent when demonstrated in an industry 
case. Summarizing, the specific research gaps so far are: 

• there is lack of integrated value chain management framework to inte-
grate demand, supply and value decisions in the value chain; specifi-
cally, the integration of sales price and volume decisions with supply 
chain and procurement decisions is excluded in so far specialized re-
search areas focusing either on demand, supply or values 

• the specific problem to plan a monthly global commodity value chain 
network end-to-end is not covered so far; research is specialized on 
parts of the problem such as production planning and scheduling, value-
based management or revenue management without providing an inte-
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grated model for integrating sales prices and volumes with supply vol-
ume and value decisions 

The following research questions are formulated to close the gaps: 

Research question 1: How can volumes and values within the value 
chain be managed in an integrated way? 

The work’s first objective is to combine specialized research to a value 
chain management framework for managing a value chain end-to-end by 
volumes and values. 

Research question 2: How can a global commodity value chain be 
optimally planned by volumes and values? 

Developed frameworks are applied to the specific industry problem to 
monthly plan a global chemical commodity value chain by volumes and 
values. Sub-objectives are to elaborate characteristics and planning re-
quirements for a global commodity value chain in the chemical industry 
and to develop, implement and evaluate the respective model. Research 
question 2 is directed to a real industry case study demonstrating the real 
existence of formulated requirements, showing the applicability of the de-
veloped model in reality and evaluating the model using industry data. 

1.3 Research Approach 

The study is structured into three parts framed by an introductory chapter 
and a summary, conclusions and outlook chapter at the end as shown in 
fig. 2. 

• Chapter 2 defines the theoretical background of the work. Related re-
search areas around the central terms value chain and value chain man-
agement are identified. Definitions, classification schemes and concepts 
are presented as a whole. 

• Chapter 3 and 4 introduce the specific global value chain planning prob-
lem to be solved in the work. The problem is determined by the industry 
specifics. This part has two functions: first formalizing the problem and 
sharpening the work’s scope; secondly, define value chain planning re-
quirements as basis for a state of the art analysis to identify specific re-
search gaps in the current literature. 

• Thirdly, a value chain planning model is elaborated in chapter 5 and 6  
to support postulated requirements and to fill identified research gaps. 
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Finally, the model needs to prove its applicability in reality and its per-
formance in an industry case study. The model is evaluated with com-
prehensive industry case data and the relevance of the end-to-end value 
chain planning approach is evaluated. Opportunities for model exten-
sions are outlined at the end. 

THEORETICAL 
BACKGROUND

MODEL

PROBLEM 
DESCRIPTION

7. Summary, Conclusions and Outlook

2. Value Chain Management

5. Global Value Chain Planning Model

6. Model Implementation and Case Study Evaluation 

1. Introduction

4. Value Chain Planning 
Requirements and 

State of the Art Analysis

3. Chemical Industry 
and Value Chain 
Characteristics

7. Summary, Conclusions and Outlook

2. Value Chain Management

5. Global Value Chain Planning Model

6. Model Implementation and Case Study Evaluation 

1. Introduction

4. Value Chain Planning 
Requirements and 

State of the Art Analysis

3. Chemical Industry 
and Value Chain 
Characteristics

 

Fig. 2 Study structure and approach 

The research results are summarized in chapter 7 and compared to the re-
search questions and objectives formulated in chapter 1. A concluding out-
look outlines open and potential new areas, where future research is re-
quired. 

This approach combines deductive and inductive research steps (Popper 
1959, pp. 27-33) and complies with the process proposed by Ulrich/Hill 
(1976). This process includes cases studies as one mean of deductive re-
search. A case study serves as one basis for the definition of industry re-
quirements existing in reality in chapter 4 as well as a test bed for the 
model evaluation in chapter 6. A mapping of each chapter to the research 
process of Ulrich and Hill (1976), p. 348 is summarized in table 1. 
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Table 1 Study chapters mapped to research process 

Research process Chapter  Chapter function in research process 
Value Chain  
Management 

Define the research field and basic terms A. Terminological- 
     descriptive 

Chemical Industry 
and Value Chain 
Characteristics 

Use of descriptive studies to narrow 
problem area investigated within  
research field  
Definition of types and relevant  
dimensions in the scope 

B. Empirical- 
     inductive 

Global Value  
Chain Planning  
Requirements  
and State of the  
Art Analysis 

Identify planning requirements based on 
case studies and literature  
Analyze requirements coverage by state 
of the art research and further specify  
research gaps 

C. Analytical- 
     deductive 

Global Value  
Chain Planning 
Model 

Model development for formulated  
requirements 

D. Empirical- 
     deductive 

Model Implementa-
tion and Case  
Study Evaluation 

Validate applicability and requirements 
coverage of model in  
industry case 

Research field and basic terms are now introduced in chapter 2. 



 

 

2 Value Chain Management 

The theoretical background is defined around the central term value chain. 
Chapter 2 presents research concepts to manage the value chain structured 
by their area of specialization either on supply, demand or values. Sec-
ondly, within an integrated framework, the results of the specialized disci-
plines are combined with the objective to manage sales and supply by val-
ues and volume. Value chain management is defined and positioned with 
respect to other authors’ definitions. A value chain management frame-
work is established with a strategy process on the strategic level, a plan-
ning process on the tactical level and operations processes on the opera-
tional level. These management levels are detailed and interfaces between 
the levels are defined. Since the considered problem is a planning problem, 
the framework serves for structuring planning requirements as well as the 
model development in the following chapters. 

2.1 Value Chain 

Value chain as a term was created by Porter (1985), pp. 33-40. A value 
chain “disaggregates a firm into its strategically relevant activities in order 
to understand the behavior of costs and the existing and potential sources 
of differentiation”. Porter’s value chain consists of a “set of activities that 
are performed to design, produce and market, deliver and support its prod-
uct”. Porter distinguishes between 

• primary activities: inbound logistics, operations, outbound logistics, 
marketing and sales, service in the core value chain creating directly va-
lue 

• support activities: procurement, technology development, human re-
source management, firm infrastructure supporting the value creation in 
the core value chain 

Fig. 3 illustrates Porter’s value chain. 
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Fig. 3 Value chain by Porter 

Porter formulates the general strategies for the value chain of cost leader-
ship and differentiation to reach competitive advantage (Porter 1985, pp. 
62-163). These cross-value chain strategies established a principle that 
competitive advantage can be reached only by managing the entire value 
chain as a whole including all involved functions. 

Some authors argue that Porter’s value chain is characterized by classi-
cal functional separation and thinking in organizational units instead of 
processes, since not processes but activities are listed by organizational 
function (Corsten 2001, p. 93). Over the years, the value chain was further 
enhanced towards 

• cross-company-orientation defined in the term supply chain 
• network-orientation defined by the term supply chain network 

Supply Chain and Supply Chain Network 

Porter’s value chain is one basis for the development of the supply chain. 
The term supply chain was created by consultant Keith Oliver in 1982 ac-
cording to Heckmann et al. (2003). Compared to the company-internal fo-
cus of Porter’s value chain, the supply chain extends the scope towards in-
tra-company material and information flows from raw materials to the end-
consumer reflected in the definition of Christopher (1992): “a supply chain 
is a network of organizations that are involved through upstream and 
downstream linkages in different processes and activities that product 
value in the form of products and services in the hand of the ultimate con-
sumer”. Core ideas of the supply chain concept are: 
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• a better collaboration between companies in the same supply chain will 
help to improve delivery service, better manage utilization and save 
costs particular for holding inventories (Alicke 2003) 

• individual businesses can no longer compete as solely autonomous enti-
ties, but rather as supply chains (Christopher 1998) 

Various illustrations and definitions for the supply chain exist as shown 
in fig. 4. 
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Fig. 4 Supply chain illustrations in literature 

Corsten points out that a supply chain is a special type of network com-
posed of multi-level logistic chains owned by legally separated companies. 
The focus in the supply chain is the coordination of flows of materials and 
information between these companies. Corsten’s examples show the sup-
ply chain structure starting with raw materials up to the final consumer 
(Corsten/Gössinger 2001). 

The network aspect in supply chains is illustrated by Shapiro where 
supply chain networks are composed by notes connected by transportation 
networks (Shapiro 2001, p. 6). Compared to Corsten, Shapiro extends the 
supply chain including many-to-many-relations between vendors, plants, 
distribution centers and markets. 

Stadtler addresses the aspect of multi-level manufacturing of semi-
finished and final assembly products as well as multi-level distribution 
steps. He also introduces different node types for procurement, production, 
distribution and sales and confirms the one-directional flow of material  
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and the one-directional flow of information similar to Corsten. Stadtler 
emphasizes the difference between intra-organizational and inter-
organizational supply chains (Stadtler 2004a, p. 10). 

Chopra and Meindl support the aspect of many-to-many relations and a 
supply chain network. Additionally, they add the aspect of direct relations 
between partners in the supply chain across several supply chain steps. The 
primary purpose of the supply chain is to satisfy customer needs, in the 
process generating profit for itself (Chopra/Meindl 2004, p. 5). 

The review of Knolmayer supports the cross-node communication to 
ensure collaboration across the chain. Additionally, communication is not 
only one-directional but bi-directional as well as supply chain does not 
only cover material and information but also monetary flows (Knol-
mayer/Mertens et al. 2000, p. 2). 

While the previous illustrations are focused on the intra-company sup-
ply chain structures, inter-company structures of the supply chain are re-
lated to Porter’s value chain as shown in fig. 5 (Meyr/Wagner et al. 2004, 
p. 113 based on Rohde/Meyr et al. 2000). 
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Fig. 5 Company-internal supply chain structures 

Here, the focus is on the primary value-creating activities influencing di-
rectly the bottom line of the company. Different to Porter,  

• procurement is a primary value-creating activity and core element in the 
supply chain and not a support function, 

• market-facing activities are combined into sales including customer ser-
vices  

• inbound and outbound logistics activities are combined in distribution, 
• operation in Porter’s value chain is more specified with the term pro-

duction. 

Concluding, the supply chain and supply chain network concept extends 
Porter’s value chain concept towards cross-company networks in order to 
improve efficiency and delivery service, minimize costs and inventories 
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based on a given demand across the chain. The focus shifted from value 
creation within a company towards ensured supply for a given demand and 
cross-company material flow and information management. 

This approach requires a cross-company coordination and information 
exchange platform in order to create transparency and accurate information 
about material flows in the chain as basis for decisions. In addition, full 
collaboration and trust rather than the competition between different com-
panies is required. These assumptions are similar to approaches in planned 
economies with a central planning office trying to optimize complete in-
dustries composed by state-owned companies. 

In market economies, however, companies are confronted with competi-
tion when selling to customers and they use the market competition when 
purchasing from suppliers. On the other hand, market constellations can 
change, when many customers compete for limited resources or raw mate-
rials provided by few large suppliers. In these situations, prices, values as 
well as ensured profitability within each company are decisive for the sus-
tainable survival of the business. While the supply chain emphasizes the 
supply aspects including ensured supply and availability (Corsten 2001, p. 
94), an essence of Porter’s value chain underlining the value focus and the 
supply chain concept is required as basis for the study. 

Value Chain and Value Chain NetworkUsed in the Study 

The value chain in the study focuses on the company internal value crea-
tion in the primary activities consistent to the company-internal supply 
chain structures by Meyr et al. (2004) and Rohde et al. (2000) as illustrated 
in fig. 6. 
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Fig. 6 Value chain considered in the study 

The considered value chain is characterized by 

• the primary functions of sales, distribution, production and procurement 
as well as the support function consistent to Porter’s support functions 
excluding procurement 
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- sales covers besides core sales activities also marketing and sales-
related service function 

- distribution covers inbound and outbound logistics with warehousing 
and transportation 

- production covers Porter’s operations functions; production is not a 
mandatory function e.g. in case of retailers in the consumer goods in-
dustry 

- procurement is a primary function directly impacting volumes and 
values 

• the value chain has clear interfaces with the procurement functions of 
multiple customer and the sales functions of multiple supplier interfaces 

• the functional structure is consistent with the value creation process and 
supports the definition of cross-functional management processes 

The company-internal value chain is basis for end-to-end volume and 
value management as well as collaboration and negotiation between other 
value chains.  

The value chain network combines illustrations of the different supply 
chain network (see fig. 7). 
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Fig. 7 Value chain network structures 

The network is composed by locations and transportation lanes between 
these locations consistent to supply network structure definitions e.g. in 
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APS (Dickersbach 2004, pp. 13-15). The company-internal value chain 
consists of procurement, production, distribution and sales locations: 

• procurement locations group one or multiple suppliers to a logical loca-
tion for purchasing of raw materials and/or finished products for produc-
tion or trading purpose 

• production locations group one or multiple production sites to a logical 
location 

• distribution locations group one or multiple warehousing or logical dis-
tribution centers e.g. cross-docking centers 

• sales locations group one or multiple customers to a logical sales loca-
tions 

The value chain network includes the aspect of aggregating multiple 
customers and suppliers to logical location(s), which is an important aspect 
in industry value chain networks operating with hundreds and thousands of 
customers and individual sites. 

Distribution locations are included in the company-internal value chain 
network, if distribution volumes and values are under the control and in the 
books of the company independent if the warehousing and transportation is 
outsourced to 3PL distribution companies or not. Therefore, a company 
value chain network is enclosed with a central control of all volume and 
value information for the respective network and clear interfaces to cus-
tomers and suppliers out of the network. While the internal value chain 
network is focused on material flows evaluated with respective internal 
costs, dedicated interfaces to multiple suppliers and multiple customers are 
characterized by material flows, financial flows and mutual instead of one-
directional exchange of information as proposed for supply chains by sev-
eral authors. 

The value chain network structure is built on the assumption that not all 
but specific company-internal value chain information can be shared with 
customers and suppliers specifically capacity and inventory information. 
Capacity and inventory information are important factors in price negotia-
tions as well as customer and supplier relationship management: excess 
inventory weakens the supplier position in price negotiations; shortage in 
capacity can lead to the fact that important customers change suppliers. In-
stead of “opening the books” between all companies, structured informa-
tion exchange needs to be established at those interfaces between value 
chain networks with respect to the specific demand and offer information 
as well as collaboration and negotiation processes e.g. investigated by 
Dudek for supply chains (Dudek 2004). 

The value chain network structure fosters an evolution towards market 
and pricing mechanisms at the interfaces between networks comparable to 



18      2 Value Chain Management 

 

financial markets, electronic marketplaces and exchanges with multiple 
buyers and multiple sellers. While the supply chain concept is concentrated 
on the supply volume side, the value chain concept should provide the ba-
sis to integrate demand volume and overall value decision making into 
management concepts. 

2.2 Concepts to Manage the Value Chain 

Three research areas with respective sub-topics are relevant to the problem 
of managing a global value chain end-to-end by volume and value: 

• Concepts to manage values in the value chain 
• Concepts to manage demand in the value chain 
• Concepts to manage supply in the value chain  

Fig. 8 illustrates these research foci and the respective sub-fields. 
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Fig. 8 Management concepts in the value chain 

The management concepts focus on the primary activities in the value 
chain. Management concepts for support functions such as human re-
sources, information technology or corporate finance are out-of-scope in 
this work. The integration of support management concepts into value 
chain management is an area for further research. 
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2.2.1 Concepts to Manage Values 

Values in the industry value chain are subjects of financial accounting, 
profit and cost controlling as well as value-based management research. 
Out of the scope is the value chain support function of corporate finance 
concerned with getting required or investing excess financial resources in 
financial markets, which is not a core activity in the industry value chain 
and out of the scope in this work. The integration of value chain manage-
ment with corporate finance is a potential area for further research. 

Financial Accounting 

Financial accounting is the basis for accurate measuring and evaluation of 
all values. External financial accounting processes for accounts receiv-
ables, e.g. payments from customers, and accounts payables, e.g. payments 
to suppliers, are key processes in financial accounting (Teufel/Röhricht et 
al. 2000, pp. 115-170). Inside the company, the accurate evaluation of val-
ues in compliance with legal accounting standards such as IAS or US-
GAAP has to be ensured (Born 1999). Typical evaluation problems within 
the value chain are for example the accurate evaluation of assets like fixed 
production resource value and costs based on depreciation methods or the 
correct evaluation of working capital such as inventories applying inven-
tory accounting methods e.g. Last-in-First-Out (LIFO) or First-In-First-Out 
(FIFO) methods (Kremin-Buch 2001; Revsine et al. 2004). 

Profit and Cost Controlling 

Profit and cost controlling has the objective to provide cost and profitabil-
ity information as support for management decisions on business and in-
vestment using value-based indicators e.g. measuring costs and profitabil-
ity of the company, customers, products and/or locations (Götze 2004; 
Götze/Bloech 2004). Profit and cost controlling is based on the structures 
of cost types, cost centers and cost objects such as products or customers 
(Götze 2004). Profits and costs are allocated on costs objects such as prod-
ucts to evaluate unit profitability. A key differentiation is fixed costs also 
called indirect costs and variable costs also called direct costs. Direct costs 
can be directly allocated to a cost object such as a product, while fixed and 
indirect costs require volume-oriented allocation methods to reflect poten-
tial cause-effect-relations between products and associated fixed costs. A 
common problem is to allocate capital-intensive production fixed costs 
such as shifts and depreciations on assets on produced products since the 
final fixed cost rate depends on the utilization of the production. Here, the 
calculated indicators depend on the volume situation. Calculated profitabil-
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ity indicators are rather static and rely on ex-post analysis as well as the 
chosen allocation rules. 

Additionally, profit and cost controlling has to consider legal and ac-
counting standards required and applied in formal financial reporting and 
company business statements. 

A guiding instrument for cost and profit controlling is the company in-
come structure as illustrated in table 2 (Revsine/Collins et al. 2004; N.N. 
2006a): 

Table 2 Income statement structure 

Value indicators Description 
Gross revenues/gross sales Based on gross sales quantity and gross prices 

- Discounts/Provisions/Returns Terms, conditions, provision agreement 

= Net revenues/net sales (0) Net sales turnover 

- Cost of sales Variable cost of goods sold 

= Gross margin/EBITDA (1) Earnings before interests, tax, amortization, de-
preciation; also contribution margin I (CM I) 

- Net operating expenses Fixed selling, administration costs incl. deprecia-
tion 

= Operating Profit/EBIT (2) Earnings before interests, tax, depreciation; also 
contribution margin II (CM II) 

+/- Financial results 
+/- Other revenues/expenses 

Interests payable on debts, investment income 

= EBT (3) Earnings/profit on ordinary activities bf. Taxation 

- Tax Based on taxes on earnings 

= Net income (4) Basis for earnings per share calculation/net oper-
ating profit after taxes 

Different earning results are reported supporting different perspectives on 
the company’s income situation: 

• EBITDA has a more short-term perspective focusing on variable costs 
excluding fixed costs for assets 

• EBIT has more a mid to long-term perspective including fixed costs 
• EBT compares total earnings considering the financial structure and re-

sults of the company independent of location-specific taxes 
• Net income is the effective income remaining to the company 

EBIT and EBITDA are common indicators used in company-internal 
decision making supporting operative profitability analysis as basis for 
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volume decisions. Recently value-based management concepts extended 
the set of indicators to a more shareholder and analyst-oriented perspec-
tive. 

Value-based Management 

Value-oriented management concepts evolved from cost and profit con-
trolling towards value based management concepts. Transparency on prof-
itability of invested capital for the company and its shareholders is an ob-
jective of value-based management. Profitability indicators are related to 
capital indicators. Common indicators are Return on Assets (ROA), Return 
on Capital Employed (ROCE) and Economic Value Added (EVA®) as pre-
sented in table 3 (Hostettler 2002; Revsine et al. 2004). 

Table 3 Value-based management indicators 

Indicator Formula Descriptions 

ROCE 
EBIT 

(Total assets – 
current liabilities)

Indicator to measure pre-tax interest rate on total 
invested capital excluding current short-term li-
abilities 

ROA 
Net profit 

Total assets 
Indicator to compare total profit return on assets 
specifically in asset-intensive industries  

EVA® 
NOPAT 

– (NOA · WACC)1

Profit indicator deducting capital costs from net 
operating profit after taxes excluding interests;  
consideration of financing structure of the company 

Value-based management indicators target an improved and more mean-
ingful profitability analysis considering also required capital employed 
such as assets and inventories. Providing the interface to integrate value-
oriented indicators into volume-oriented management concepts in the 
value chain would be an interesting option to link volume decisions with 
overall value performance of the company. 

Conclusions: Value-oriented Management Concepts 

Value-oriented management concepts provide the accurate basis for 
evaluation of volumes and profitability. Integrated management concepts 
in the value chain and decision support models need to be consistent with 

                                                      
1 NOPAT is the Net Operating Profit After Taxes excluding financial results; 

NOA is the Net Operating Assets and WACC is the Weighted Average Costs of 
Capital of the company financed by equity and outside capital (N.N. 2006b; N.N. 
2006k). 
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the value definitions from value-oriented management concepts and have 
to take into account effective values that are “in the books”. 

Value-oriented management concepts share the characteristics to deter-
mine values and profitability ex-post based on historic volumes. They cur-
rently do not support a future-oriented planning of volumes and values in 
global multi-level networks since future planning of volumes depends on 
sales and supply network planning decisions. Also, the allocation of fixed 
costs on products and customers based on compensation keys and metrics 
is problematic when operating a global, multi-stage network with hundreds 
of products and customers, where cause-effect relations are not direct and 
linear. Finally, they cannot provide information on the future value of 
working capital employed such as inventories derived from the monthly 
inventory volume plan. Hence, an integrated value chain management con-
cept needs to provide the platform to integrate value- and volume-oriented 
management concepts. 

2.2.2 Concepts to Manage Demand 

Demand management concepts consider demand and sales as active areas 
of decision making with respect to pricing and sales quantity decisions. 
Research fields addressing these decisions are primarily micro-economics, 
sales & marketing research as well as recently revenue management. 

Micro-economics 

Micro-economics contribute to demand-oriented management with eco-
nomic research on market and pricing mechanisms (Varian 1994). Rela-
tions of demand and supply from the micro-perspective of buyers and sell-
ers as market participants are investigated. Specifically, market-
constellations, price-quantity functions and pricing mechanisms are related 
to sales quantity and price decision making. 

Market constellations depend on the number of market participants on 
supply and demand side differentiated in polypoly (many), oligopoly (few) 
and monopoly (one) as illustrated in fig. 9 (N.N. 2006c). 



2.2 Concepts to Manage the Value Chain      23 

 

Seller 
dominance

Buyer
dominance

Balanced
market powers

Bilateral
monopoly

Limited 
demand

monopoly
Demand

monopoly
Monopoly

(one)

Limited offer
monopoly

Offer
monopoly

Monopoly
(one)

Bilateral 
oligopoly

Demand
oligopoly

Oligopoly
(few)

Offer
oligopoly

Perfect
Competition

Polypoly
(many)

Supply

Demand
Polypoly
(many)

Oligopoly
(few)

Bilateral
monopoly

Limited 
demand

monopoly
Demand

monopoly
Monopoly

(one)

Limited offer
monopoly

Offer
monopoly

Monopoly
(one)

Bilateral 
oligopoly

Demand
oligopoly

Oligopoly
(few)

Offer
oligopoly

Perfect
Competition

Polypoly
(many)

Supply

Demand
Polypoly
(many)

Oligopoly
(few)

 

Fig. 9 Market constellations 

Depending on the market constellations, market participants can domi-
nate sales price and quantity decisions in micro-economic theory. Rela-
tionships between and price and quantity in the market constellations are 
reflected by price-quantity functions as shown in fig. 10 (N.N. 2006d). 
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Fig. 10 Price-quantity functions 

Price-quantity functions reflect the negative correlation between market 
prices and sales quantity. In perfect competition, high market prices corre-
lates with low demand quantities. A single supplier cannot influence the 
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market price with his decisions, a market price and quantity is determined 
by demand and supply as shown in the left part of fig. 10. 

In case of an offer monopoly, a single supplier can dictate the prices, 
while buyers can only react with their demand quantity to these prices. 

The relation between prices and quantities can be expressed by the price 
elasticity of demand defined as relative change of quantity divided by the 
relative price change 0 0( / ) : ( / )E q q p p= Δ Δ  (N.N. 2006e). The elasticity 
is characterized as fully elastic (E = ∞), elastic (E >1), unitary elastic (E = 
1), inelastic (E < 1), entirely inelastic (E = 0) or negative elastic (E < 0). 
Market constellations, price-quantity functions and elasticity are developed 
from a market perspective considering market constellations, market prices 
and total sales quantities, not from an individual value chain perspective. 
However, they provide fruitful input for the integrated management of 
volumes and value in a value chain, since market constellations and price-
quantity relations impact volume and value management in the value 
chain. 

Finally, pricing mechanisms are an important aspect investigated in mi-
cro-economics specifically in auction theory. Three different types of pric-
ing mechanism relations exist: bilateral negotiations, single-sided auctions 
and many-to-many exchanges as shown in fig. 11. 
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Fig. 11 Pricing mechanisms relations between buyers and sellers 

A negotiation is a one-to-one pricing mechanism, where a single buyer and 
a single supplier negotiate price and quantities. Single-sided auctions have 
a structured protocol where one auctioneering participant and multiple 
bidders submitting bids. The winner is determined based on the bidding 
protocols e.g. First-price-Sealed-Bid or Vickrey auction or Dutch auction. 
Single-sided auctions exist for selling − called forward auction − and for 
buying − called reverse auction −. Finally, exchanges are many-to-many 
pricing mechanisms with a defined double auction protocol and multiple 
buyers and sellers submitting offers and bids cleared in one market price 
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(McAfee/McMillan 1987; Milgrom 1989). Sales price and quantity deci-
sions in value chains needs to consider the respective pricing mechanism 
applied in the market and reflect it in integrated management concepts. 

Sales and Marketing 

The area for sales price and quantity decision within a company is a sales 
and marketing domain. Sales and marketing research has gained increasing 
importance with the change from seller to buyer markets (Wöhe 2002, pp. 
463-465). In the middle of the 20th century in industrialized countries, 
markets changed from excess demand with insufficient supply towards ex-
cess supply and competition in saturated markets. The company focus 
changed from production-orientation towards sales-orientation. The sales 
function is an integral part of marketing (Winkelmann 2005). Marketing 
can be defined as “an organizational function and a set of processes for 
creating, communicating and delivering value to customers and for man-
aging customer relationships in ways that benefit the organization” (Kot-
ler/Keller 2005, p. 6). Marketing can be structured around the so-called 
marketing mix of product, price, promotion (Communication) and place 
(Distribution) (Kotler/Keller 2005, p.19). Marketing structures the inter-
face to customers, defines the product portfolio and the pricing as well as 
the distribution strategy with respect to sales channels, e.g. via wholesal-
ers, web-based shops, direct sales, etc. Marketing also structures the sales 
functions to sell the products to the customer. Sales and marketing differ in 
focus as shown in table 4. 

Table 4 Focus areas of Marketing vs. Sales 

Area Marketing Sales 
Market  Entire market, market segments Customers, customer groups 

Product  Product lifecycle, portfolio  Customer-relevant articles 

Volume  Total volumes, market shares  Sales quantities by customer 

Value Pricing strategy and gross prices 
Overall product profitability 

Customer terms & conditions 
Customer contribution margins 

Topics Market strategy (segmentation , com-
petitive analysis, positioning) 
Marketing Mix (product, promotion, 
place, price) 

Customer Relationship Manage-
ment and Customer Service 
Collaboration and negotiation, RFP 
processes 
Forecasting and sales planning 
Sales order management  
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Marketing has a more strategic orientation towards overall product portfo-
lio and markets, while sales has a more operative orientation towards sin-
gle articles and customers. Specifically, the price as well as terms and con-
ditions are key decisions driving profitability. In industry companies, the 
price erosions can be observed when companies are facing competition 
and prices are decreased excessively, since they do not have a systematic 
price management in place (Homburg et al. 2005). Recent work started to 
investigated dynamic pricing in industry applications such as the iron and 
steel industry and in the US automotive industry, respectively (Spengler et 
al. 2007; Biller et al. 2005). Important in the context of the value chain is 
that both are managed mainly oriented at sales volume, value and overall 
profitability targets as basis for active decision making (Bestmann 1996, p. 
324).  

Revenue Management 

Revenue management (RM) is the most recent, demand-oriented manage-
ment concept in comparison (Cross 2001; Tallury/Van Ryzin 2005). Alter-
native terms used are yield management or dynamic pricing. Revenue 
management is concerned with “demand-management decisions and the 
methodology and systems required making them” (Tallury/Van Ryzin 
2005, p. 2). Tallury and Van Ryzin distinguish: 

• Sales decisions: decisions on where to sell and when to whom at what 
price 

• Demand decisions: estimation of demand and its characteristics and us-
ing price and capacity control to “manage” demand 

Tallury and Van Ryzin differentiate three basic categories of demand 
management decisions in revenue management (Tallury/Van Ryzin 2005, 
p. 3): 

• Structural decisions with respect to pricing mechanisms (auctions, nego-
tiations, posted prices), segmentation mechanisms, terms of trade, bun-
dling of products 

• Price decisions on how to set posted prices, individual-offer prices and 
reserve prices in auctions; how to price across categories; how to price 
over time; how to markdown (discount) over the product lifetime 

• Quantity decisions: whether to accept or reject an offer to buy; how to 
allocate output or capacity to different segments, products or channels; 
when to withhold a product from the market and sell at later points in 
time 

Revenue management is focused on demand forecasting – aggregated 
and disaggregated – demand distribution models or arrival processes to 
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develop specific approaches such as overbooking, seat inventory control 
and pricing approaches (McGill/van Ryzin 1999). 

Initial application fields for revenue management are rental cars (Car-
roll/Grimes 1995), hotel rooms, transit and highway systems (Huang 2002) 
or airline seats with a given, perishable capacity (Anjos et al. 2004) with 
the example of American Airlines to introduce first yield management to 
better manage profit and airline seat utilization (Smith et al. 1992). Reve-
nue management developed since the late 1970s with the deregulation of 
the airline industries until web-based pricing mechanisms used in e-
commerce applications starting in the 1990s (Phillips 1999, p. 2; 
Boyd/Bilegan 2003). 

Revenue management uses computer-automated pricing mechanisms 
that support a differentiated pricing for the same product considering utili-
zation and product timing, e.g. different prices for the same hotel room 
during the week or at the week-end. Pricing mechanisms are based on an 
analysis of demand patterns in order to ensure that available capacities are 
sold out in the most profitable way. Current studies reveal that the impor-
tance of revenue management as specific demand management concept in 
the German chemical industry has increased in order to utilize better ex-
cess capacities (N.N. 2005d). 

Cross formulates basic principles of revenue management (Cross 2001, 
p. 69): 

• When balancing demand and supply does not concentrate on costs but 
on price 

• Replace cost-oriented pricing by market-oriented pricing 
• Do not sell to mass markets but to segmented micro-markets 
• Reserve your products for your best customers 
• Make decisions not based on assumptions but based on facts 
• Continuously analyze the value cycle of each product 
• Continuously re-evaluate profitability opportunities 

Revenue management is not a phrase-based management concept but a 
discipline based on quantitative methods such as statistics, simulation and 
optimization as well as systems including steps for data collection, estima-
tion and forecasting, optimization and sales control (Cross 2001, pp. 17-
18).  

Dedicated revenue management systems are increasingly developed to 
be applied in airline and non-airline industries (Secomandi et al. 2002). For 
several recently developed revenue management systems in airlines, ho-
tels, car rentals, telecommunication systems and cargo transportation see 
Gosavi et al. (2007), Bartodziej et al. (2007), Lee at al. (2007), Defregger 
and Kuhn (2007), Reiner and Natter (2007). These papers focus on reve-
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nue maximization based on pricing and decisions to influence the demand 
for services such as airline seats, rental car capacity or hotel rooms, which 
are in limited supply. Active sales and pricing decisions investigated in 
revenue management are principally relevant for the industrial planning 
problem considered in this work. However, in contrast to service industries 
this study deals with physical products and the complex decision making 
process in a global chemical value chain. 

Concluding, revenue management is concentrated on the demand man-
agement with a given capacity and supply: “Revenue management can be 
thought of as the complement of supply-chain management (SCM), which 
addresses the supply decisions and processes of the firm, with the objective 
(typically) of lowering the cost of production and delivery” (Tallury/Van 
Ryzin 2005, p. 2). Examples of management practice, where pricing and 
supply decisions such as lead times or capacities are explicitly linked, are 
few (Fleischmann et al. 2004, p. 11). Dell is a first example, where PC 
pricing is dynamically changed based on a production push principle to al-
locate PCs to the best-price business (McWilliams 2001). 

An integrated management concept for the entire value chain from pro-
curement to sales would require integration of both concepts of minimiz-
ing costs for supply and maximizing turnover for demand. 

Conclusions: Demand-oriented Management Concepts 

Up to now, demand management concepts have shared the focus on de-
mand, sales and price decisions to maximize turnover based on a given 
supply. Supply volatility by volumes – for example due to reduced produc-
tion or procurement quantities – and values – for example due to volatile 
procurement prices – is not considered as decision variable in demand 
management concepts. Authors like Flint (2004) address the challenges to 
bring marketing and global supply chain management together for cus-
tomer benefit. But since specifically commodity products require an active 
sales and price management, the work has to consider the status of demand 
management concepts and to define the interface to supply-oriented man-
agement concepts. 

2.2.3 Concepts to Manage Supply 

The supply side of the value chain has been subject to research since the 
middle of the 20th century. The research field can be structured into logis-
tics management, production management, procurement and sourcing, as 
well as supply chain management. 
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Logistics Management 

Logistics originates in the 1950s motivated by logistic problems in the 
military sector to coordinate and manage material and personnel in mili-
tary activities. Logistics can be defined as “the process of planning, im-
plementing and controlling the efficient, effective flow and storage of 
goods, services and related information from their point of origin to point 
of consumption for the purpose of conforming to customer requirements”. 
Logistics objective is to allocate resources, like products, services and 
people, where they are needed and when they are desired (N.N. 2006f). 
Logistics can be differentiated into inbound logistics for purchased goods, 
production logistics in production, distribution logistics for finished goods 
and disposal and reverse logistics for recycled, returned or disposed goods 
as summarized in fig. 12 (Corsten/Gössinger 2001, p. 81; Gün-
ther/Tempelmeier 2003, p. 9): 

Disposal and Reverse Logistics
(Disposal, recycling, returns)

Inbound/Procure-
ment Logistics

(For goods 
received)

Outbound/Distri-
bution Logistics

(For finished 
goods)

Production 
Logistics

(Logistics within 
production)

Supplier Customer

 

Fig. 12 Types of logistics 

Characteristic is that logistics and logistic management are concentrated on 
the physical material flow in warehousing and transportation (Cor-
sten/Gössinger 2001, p. 81). Logistic research investigates the manage-
ment of physical material flow 

• in warehousing: incl. warehouse layout planning, warehousing systems 
such as conveyer belts, automated guided vehicle systems (AGVS) as 
well as queuing, stocking systems, commissioning and packaging prob-
lems (Arnold 1995; Günther/Tempelmeier 2003, p. 9) 

• in transportation: transport loading, transport routing and scheduling 
problems (Günther/Tempelmeier 2003, pp. 261-274) 

Some authors have extended the scope of logistics and used the term lo-
gistics management comparable to the term supply chain management 
(Schönsleben 2004, p. 7): “Logistics is defined as the organization, plan-
ning and realization of the entire flow of goods, data and information 
along the product lifecycle” and “logistics management has the objective 
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to effectively and efficiently manage the daily intercompany and intracom-
pany operations”. 

In this book, logistics and logistics management is focused on the opera-
tive volume management in the physical distribution as part of the value 
chain. A clearer differentiation between logistics research targeting spe-
cialized logistic service providers for warehousing and transportation 
compared to supply chain management problems can be observed in recent 
literature (Baumgarten/Darkow et al. 2004; Günther et al. 2005). 

Production Management 

Production management is concentrated on management problems in in-
dustrial production. Industrial production is defined as “the creation of 
output goods (products) using material and immaterial input goods (pro-
duction factors) based on technical processing methods” (Gün-
ther/Tempelmeier 2003, p. 6). Production is characterized by the transfor-
mation of input goods into output goods using resources such as 
machineries or assets as well as human resources as illustrated in fig. 13 
(Günther/Tempelmeier 2003, p. 7). 

Production working system

Output
products

Production
= transformation of

input materials

Human
Resources

Machinery 
Resources

Input 
products

 

Fig. 13 Production working system structure 

Production management concepts started in the 1960s and 1970s with the 
Material Requirement Planning (MRP I) and the Manufacturing Resource 
Planning (MRP II) concepts (see for example Günther/Tempelmeier 2003; 
Lütke Entrup 2005, pp. 5-9). The objective of MRP I was to determine the 
needs of orders for dependent components in production and raw materials 
using a bill-of-material explosion (BOM). MRP I hence supported a multi-
level calculation of secondary demand for the orders, however, did not 
consider capacity constraints and did not include feedback loops. MRP II 
enhanced the concept towards integrated production planning across plan-
ning horizons from long term to short term and also between demand and 
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production including feedback loops. Still criticism remains that the as-
sumption of infinite capacity leads to infeasible plans. In addition, the fo-
cus of MRP II was transactional and operational for single production 
plans and not for the entire supply chain or value chain network. MRP I 
and MRP II are the basis for the evolution towards supply chain manage-
ment (tools) and the so called Advanced Planning Systems (APS) as de-
scribed later. 

Procurement and Sourcing 

Procurement and sourcing is investigated as a separate function (Large 
2000; Humphreys et al. 2000; Chen et al. 2002; Talluri/Narasimhan 2004) 
or together with materials (requirements) planning/management (Dobler et 
al. 1977; Stadtler 2004b) or supply chain management (Melzer-Ridinger 
2004; Monczka et al. 2004). 

Procurement covers „all company and/or market-oriented activities that 
have the purpose to make objects available to the company that are re-
quired but not produced” (Large 2000, p. 2). Other terms found in the con-
text of procurement are strategic sourcing, purchasing, supply manage-
ment and/or supplier relationship management. 

Two basic procurement functions exist: for resale or purchasing for con-
sumption or conversion (Dobler et al. 1977, p. 4). Procurement is a core 
function of the business (Dobler et al. 1977, p. 5). Key objectives in pro-
curement are to procure specified objects at a defined quality from suppli-
ers, achieve cost savings and minimum prices for these objects and ensure 
continuous supply and foster joined innovations with suppliers based on 
contracts and a supplier relationship management. 

Strategic sourcing, the centralization and strategic management of pur-
chasing activities, is a primary cost saving lever for companies by bun-
dling of purchasing volumes, consolidation of many to few suppliers and 
long contractual agreements for large volumes leading to increased 
economies of scale for selected supplier(s) and lower purchasing prices for 
the sourcing company (Talluri/Narasimhan 2004). Strategic sourcing also 
includes make or buy decisions, e.g. the outsourcing of non-core activities 
of the company to a specialized service provider (Humphreys et al. 2000). 
Procurement research also investigates efficient procurement processes 
and pricing mechanisms such as reverse auctions and/or marketplaces 
(Hartmann 2002). In addition, strategic alliances with suppliers and joined 
innovation processes help not only to minimize costs but also to jointly 
develop innovative products (A.T. Kearney 2004). 

However, the local optimization in procurement can lead to goal con-
flicts with other areas in the value chain: long-term purchasing contracts 
with high volumes to reach minimum prices can reduce the flexibility in 
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the value chain. Typical “battles” in the value chain are that the purchasing 
department has to fulfil volume commitments agreed with the supplier es-
pecially at the end of the year and purchases more raw material volume as 
required in the value chain. The effect is the build-up of unnecessary in-
ventory and capital employed. Some authors postulate a strategic reorien-
tation of procurement research towards a stronger cross-functional orienta-
tion in the value chain (van Weele/Rozemeijer 1996). 

Supply Chain Management 

Supply chain management is next step in supply-oriented concepts towards 
cross-functional processes with focus on production and distribution deci-
sions. Main motivation for supply chain management was the bullwhip ef-
fect. The bullwhip effect was observed already in the 1950s and 1960s by 
the MIT: small changes in consumer demand led to significant variance in 
production and inventories on the following retailer and manufacturer 
steps of the supply chain (Alicke 2003, pp. 99-130). Time delays in infor-
mation and material flows between the participants in the supply chain 
have been identified as main causes for the bullwhip (Corsten 2001, p. 87). 

The bullwhip effect motivated research and practice to focus on cross-
company supply chain optimization of information and material flows be-
tween companies. Several authors specify a set of objectives related to 
cross-company supply chain optimization: 

• “minimize total supply chain costs to meet given demand” (Shapiro 
2001, p. 8) 

• “reduce lead times, reduce inventories and increase delivery reliability 
with the overall objective to increase the service level for the end con-
sumer and reduce costs across all value chain steps in the supply chain” 
(Corsten 2001, p. 95) 

• “increase competitiveness of entire supply chains instead of single com-
panies by fulfilling a pre-specified, generally accepted customer service 
level at minimum costs” (Stadtler 2004a, p. 9) 

• “maximize the overall value generated” (Chopra/Meindl 2004, p. 6). 
Besides, Chopra and Meindl point out that a supply chain should be 
measured by the entire profitability and not by the profitability of indi-
vidual stages. 

Most of the authors except Chopra/Meindl share the objective to mini-
mize costs in the inter-company supply chain between companies with 
given demand and customer service level. Chopra/Meindl support the ob-
jective of value maximization, where it is later proposed to distinguish this 
objective with the term “value chain management”. 
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Definitions for supply chain management reflect these objectives. The 
term supply chain management was first created by Oliver and Webber 
(1982). Since then, various definitions in literature can be found: 

• supply chain management is the “flow of material, information and fund 
across the entire supply chain, from procurement to production to final 
distribution to the consumer” (Silver et al. 1998) 

• supply chain management can be defined as “the integrated planning, 
coordination and control of all material and information flows in the 
supply chain to deliver superior consumer value at less cost to the sup-
ply chain as a whole whilst satisfying requirements of other stake-
holders in the supply chain” (reviewed by Lütke Entrup 2005, based on 
van der Vorst 2000) 

• Mentzer et al. reviewed SCM definitions and concluded three shared 
characteristics of SCM definitions as a management philosophy (Ment-
zer et al. 2001, p. 6): 

• “a system approach viewing supply chain as a whole and to manage the 
total flow of goods inventory from the supplier to the ultimate customer; 

• a strategic orientation toward cooperative efforts to synchronize and 
converge intra-firm and inter-firm operational and strategic capabilities 
into a unified whole; and 

• a customer focus to create unique and individualized sources of cus-
tomer value, leading to customer satisfaction” 

• supply chain management “involves the management of flows between 
and among stages in a supply chain to maximize total supply chain prof-
itability” (Chopra/Meindl 2004, p. 6). 

Except of the latest definition of Chopra/Meindl, all definitions share 
the aspect of cross-company management, the focus on volume manage-
ment to fulfil customer needs. 

Significant savings could have been realized in practice thanks to supply 
chain management for example minimizing inventory values by postpon-
ing final assembly to the latest stage of the supply chain as in the case of 
Hewlett-Packard (Lee/Billington 1980), by improving delivery accuracy to 
nearly 100% as in the case of Ericsson (Frerichs 1999) and better utilizing 
production resources. Several key supply chain management research re-
sults are presented in the following in more detail. 

Supply Chain Planning Matrix: the Supply Chain Planning (SCP) Ma-
trix provides a framework for supply chain management (Rohde et al. 
2000, reviewed among others by Fleischmann et al. 2004, pp. 87-92) illus-
trated in fig. 14. 



34      2 Value Chain Management 

 

• lot-sizing
• machine 

scheduling
• shop floor 

control

• warehouse 
replenishment

• transport 
planning

short-
term

mid-
term

long-
term

Procurement Production Distribution Sales

• personnel 
planning

• ordering 
material

• short-term 
sales planning

• master 
production 
scheduling

• capacity 
planning

• distribution 
planning

• personnel 
planning 

• material 
requirements 
planning

• contracts

• mid-term 
sales planning

• materials program
• supplier selection
• cooperations

• plant location
• production 

systems

• physical
distribution
structure

• product 
program

• strategic sales 
planning

information flowsflow of goods
 

Fig. 14 Supply chain planning matrix 

The supply chain planning matrix provides an integrated management 
framework by planning horizon (strategic, tactical and operative) and sup-
ply chain process (Fleischmann et al. 2004, pp. 87). Strategic decisions are 
related to plant locations or physical distribution centers also called strate-
gic network planning or network design (Goetschalckx 2004). Tactical de-
cisions are related to planning of volumes in sales, distribution, production 
and procurement also called master planning (Miller 2002; Rohde/Wagner 
2004; Pibernik/Sucky 2005). Short-term decisions are related to short-term 
planning and scheduling of production. This operative and transactional 
level is related to the traditional focus of logistics and/or MRP I and MRP 
II concepts. Overall the supply chain planning matrix is related to the term 
advanced planning emphasizing and enhancement of planning not only on 
the operative level but also on a tactical and strategic level. Hence, a pri-
mary research area is related to advanced planning systems (APS) support 
advanced planning processes. 

Advanced Planning Systems: information systems in supply chain man-
agement play a critical role to support companies effectively in decision 
making, handling complex supply chain problems and data (Gun-
asekaran/Ngai 2004). APS research focuses on the planning systems ex-
tending the scope of traditional ERP systems limited to operations 
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(Bartsch/Bickenbach 2002; Knolmayer/Mertens et al. 2002; Dickersbach 
2004; Günther 2005). While ERP systems focus on the operational and 
transactional level of order processing and scheduling as well as on-line 
inventory control (Mandal/Gunasekaran 2002), APS are used specifically 
for demand and supply network planning and integration of production 
planning and production scheduling (Betge/Leisten 2005). APS are subject 
to dedicated research evaluating capabilities of developed software pack-
ages (Zeier 2002; Lütke Entrup 2005). Key research deliverable is the 
mapping of APS software modules to the supply chain planning matrix as 
shown in fig. 15 (Meyer et al. 2004, pp. 110): 
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Fig. 15 APS software modules covering the SCP-Matrix 

Here, it can bee seen that system modules are not directly matched to 
process structures defined in the Supply Chain Planning Matrix. Also, the 
asymmetry between market facing parts of procurement and sales are not 
intuitive. However, APS extend the perspective on business applications 
extending the classical tasks of ERP and transactional systems to a man-
agement and planning level. With APS implemented in multiple industries 
and validated specifically in the process industry (Schaub/Zeier 2003) or 
also for Small and Medium Enterprises (SME) (Friedrich 2000), impor-
tance will further grow. 

Supply Chain Collaboration and Negotiation: since supply chain man-
agement across companies is a key objective, several authors focus on the 
management of the interface and collaboration between company supply 
chains towards a cross-industry supply chain: the idea is that a collabora-
tion between all companies from natural resource (e.g. metals) to end con-
sumer product (e.g. cars) can lead to lower inventories, lowest costs and 



36      2 Value Chain Management 

 

highest efficiency (Zimmer 2001; Hieber 2001). This cross-company sup-
ply chain managements requires a transparent sharing of available invento-
ries, capacities and demand across all companies. Prices and value aspects 
are not relevant in this view. This is build on the assumption 

• that no competition in supply chain between multiple customers for a 
limited supplier capacity exists,  

• no conflict of interests between buyers and sellers in negotiation exists, 
• and market constellations and purchasing powers have no influence on 

the collaboration e.g. large OEM corporations would not use their pur-
chasing power to achieve minimum prices at their SME suppliers. 

Main results are negotiation protocols, collaboration rules and collabo-
ration forms to coordinate multiple companies in an inter-company supply 
chain. However, it is shown that the ideal world is hard to achieve in prac-
tice. “It is difficult or maybe even impossible, to get a large network con-
sisting of independent companies to agree and implement a centralized 
planning and control solution” (Holström et al. 2002, reviewed by Piber-
nick/Sucky 2005, pp. 77). Companies are not always willing to open the 
books entirely and share company-internal information e.g. inventories, 
capacities or cost structures with customers and suppliers in order to pro-
tect competitive information. Power in the supply chain for example in the 
automotive industry with few large OEMs and many mid-size tier suppli-
ers do have an influence on negotiations as well as profitability for the sin-
gle participants in the supply chain (Maloni/Benton 1999). Recent authors 
recognize the aspect that companies rather negotiate in a competitive con-
stellation than cooperating with its business partners and propose appropri-
ate negotiation protocols (Homburg/Schneeweiss 2000; Dudek 2004). 
Since a centralized planning task for the entire intercompany supply chain 
comprising multiple legal entities is rarely realistic in practice, Dudek has 
developed a non-hierarchical negotiation-based scheme to synchronize 
plans between two independent supply chain partners with offers and 
counter-proposals to minimize total costs; prices and competition among 
limited supply is not considered (Dudek/Stadtler 2005). 

Special SCM Concepts: in addition, some industry-specific terms have 
been developed in the context of supply chain management in the last 
years: 

• Just In Time (JIT): time-exact delivery to the customer’s production 
having no own inventory (specifically practiced in the automotive in-
dustry). 
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• Vendor Managed Inventory (VMI): supplier manages the inventory at 
the customer site to ensure delivery capability (practiced among others 
in the chemical and electronic industry) 

• Efficient Consumer Response (ECR) and Collaborative Planning, Fore-
casting and Replenishment (CPFR): both are operations models in the 
consumer goods industry to ensure delivery capability and avoid stock-
outs based on an automated replenishment of outlets using product in-
ventory, historic and/or planned sales information at the point-of-sales 
(POS). CPFR focuses on a close cooperation between retailer and manu-
facturer. ECR focus on the customer-facing reaction on customer re-
sponses in logistics, sales and promotions. 

All concepts can be related to the supply chain planning matrix; most of 
them are a re-branded description of short-term and operative supply chain 
planning problems. Concluding, SCM reached the highest level of cross-
functional and cross-company orientation of management concepts in the 
value chain with the emphasis on supply. 

Conclusions: Supply-oriented Management Concepts 

Supply-oriented concepts have in common to minimize supply costs in or-
der to fulfil given demand. Sales prices and sales quantity decisions are not 
subjects of research. Supply-oriented research with its definitions and 
frameworks contributes to main parts of the work’s theoretical back-
ground. The study needs to combine the research results with management 
concepts focusing on demand and on values. 

2.2.4 Concepts Comparison 

Comparing the presented management concepts in the value chain it can be 
concluded that concepts focus either on values or volumes and/or certain 
steps in the value chain as illustrated in fig. 16. 
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Fig. 16 Comparison of management concepts in the value chain 

• Supply management concepts focus on supply decisions in order to 
minimize costs with a given demand 

• Demand management concepts focus on sales volume and price deci-
sions to maximize turnover based on a given and/or unlimited supply 

• Value management concepts focus on total profit analysis with given 
demand and supply 

There is a lack of having an integrated concept of managing volumes 
and values across the entire value chain. The specialized concepts with fo-
cus either on demand and supply decisions or on value analysis have to be 
combined to an integrated approach. This integrated approach is required 
to manage a global commodity value chain end-to-end by values and vol-
umes. 

Some authors already postulate to extend the focus of supply chain 
management towards integration with demand management and in some 
parts with value management 

• to coordinate purchasing and production with customers by using quan-
tity discounts on both ends of the value chain to decrease costs (Mun-
son/Rosenblatt 2001), 
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• to integrate logistics into marketing to successfully manage different 
channels in the consumer goods and retail sector (Alvarado/Kotzab 
2001), 

• to decide supply chain positioning in a global context driven by demand 
rather than by production (Sen et al. 2004), 

• to integrate supply chain and pricing decisions in Marketing (Christo-
pher/Gattorna 2005), 

• to tailor customer experiences to increase customer loyalty and growth 
by synchronizing supply chain and marketing decisions (Pyke/Johnson 
2005), 

• to synchronize manufacturing, inventory and sales promotions specifi-
cally in industries with seasonal demand (Karmarkar/Lele 2005), 

• to synchronize procurement, manufacturing with sales pricing consider-
ing specifics such as perishable items, setup costs and demand uncer-
tainty (Yano/Gilbert 2005), 

• to synchronize new product development with the supply base (Asgekar 
2004), 

• to decide integrated financial planning and evaluation of market oppor-
tunities with production planning using real options (Gupta/Maranas 
2004). 

Some scholars suggested using demand chain management instead of 
SCM (Williams et al. 2002; Heikkilä 2002) expressing to shift the focus of 
the chain towards demand incl. (prospective) customers (Van 
Landeghem/Vanmaele 2002) and the needs of the marketplace, before in-
tegrating the supplier and manufacturer perspective. Specifically, time-to-
market pressure requires to better link product development, sourcing and 
sales driving the focus shift towards the ends of the value chain in pro-
curement and sales (Kennedy Information 2005). This shift is suitable for 
demand-driven industries with a flexible and less cost-intensive supply as 
in the case of mobile devices described by Heikkilä (2002) or lightning 
manufacturing (Childerhouse et al. 2002). The shift from supply chain to-
wards demand management can be also observed in spending for support-
ing SCM software where understanding end-user demand became key pri-
ority instead of operations efficiency (Frontline Solutions 2005 reviewing 
an AMR Research “Supply Chain Management Spending Report 2005-
2006”). 

However, a focus shift from supply to demand would again not consider 
the overall profitability of the value chain leaving out supply volumes and 
values supply specifically in procurement. Concluding, a focus on either 
demand or supply is not sufficient and both have to be managed in an inte-
grated way together with the resulting values. Therefore, the different 
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management concepts have to be combined in an integrated value chain 
management framework and approach. 
 

2.3 Integrated Value Chain Management 

In the following integrated value chain management is defined and a 
framework is developed as synthesis of management concepts presented in 
subchapter 2.2. Key methods used in value chain management such as op-
timization or simulation are presented at the end of the chapter. 

2.3.1 Value Chain Management Definition and Framework 

Having defined the value chain, Porter does not provide a definition for 
value chain management (Porter 1985). The term value chain management 
is used in recent research (McGuffog/Wadsley 1999; Teich 2002; Jörns 
2004; Kaeseler 2004; Al-Mudimigh et al. 2004) and in industry practice 
(Trombly 2000; Harvard Business Review 2000; bitpipe 2007) compared 
to Porter’s initial publishing on the value chain. In addition, a recent dedi-
cated journal “International Journal of Value Chain Management” has 
been launched (Inderscience 2007). 

Teich (2002) provides a comprehensive work on “extended value chain 
management”. He defines Extended Value Chain Management (EVCM) as 
“the holistic consideration of the value chain where starting at the cus-
tomer and depending on the situation in production and procurement or-
ders are generated at the same time under consideration of previous pro-
duction steps” (Teich 2002, p. 2). He argues “that previous isolated 
concepts focused either on advanced planning and scheduling in produc-
tion or on supply chain management for procurement planning” (Teich 
2002, p. 2). Teich’s definition of value chain management covers pro-
curement and production aspects with focus on volumes and schedules. 
Value in the value chain as a consideration of sales and prices are not cov-
ered in the definition. His focus is rather the cooperation of different com-
petence cells within a value chain network specifically for small and me-
dium enterprises to improve overall value chain network planning. The 
concept is used by some authors e.g. to automate finding and negotiations 
of suppliers within a pool of competence cells (Neubert et al. 2004, p. 177)  

Kaeseler provides a more comprehensive definition of value chain man-
agement from a consumer goods industry perspective (Kaeseler 2004, pp. 
228-229). Value Chain Management is an essence of Supply Chain Man-
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agement and Efficient Consumer Response (ECR) with SCM as a “renais-
sance of production and logistics planning” and ECR as “customer orien-
tation and marketing in retail”. To overcome the separation of these con-
cepts, Kaeseler proposes Value Chain Management as a “holistic redesign 
of processes from the retail customer to purchasing from the manufacturer 
including Sales, Marketing, Logistics, Production and Purchasing” (Kae-
seler 2004, pp. 229). However, Kaeseler limits the concept on the volume 
management problems in the value chain e.g. avoidance of the bullwhip ef-
fect, planning of seasonal demand as well as managing returns and variants 
in the product portfolio. The value management aspect is not covered in-
cluding purchase and sales prices. 

Jörns describes Value Chain Management as a superset of the manage-
ment concepts SCM, Supplier Relationship Management (SRM), Cus-
tomer Relationship Management (CRM) and Enterprise Management. 
This perspective reflects a broader scope of VCM compared to SCM with-
out providing an integrated framework (Jörns 2004, pp. 35-36). 

Practice-oriented articles as from Trombly (2000) formulate the objec-
tive of value chain management to be “full and seamless interaction 
among all members of the chain, resulting in lower inventories, higher 
customer satisfaction and shorter time to market”. Public websites offer 
additional definitions for value chain management such as “the optimiza-
tion of value chain interactions. Each internal and external operation and 
the links between these operations are reviewed in a systematic and stan-
dard way in order to optimize speed, certainty and cost effectiveness” (bit-
pipe 2007). Again the term “value chain management” is used in practice 
mirroring objectives, content and concepts already addressed in supply 
chain management. 

Al-Mudimigh et al. (2004) are among the few authors distinguishing be-
tween supply chain management (SCM) and value chain management 
(VCM): they argue that SCM is recognized and practiced in many indus-
tries and has reached high popularity “becoming a way of improving com-
petitiveness by reducing uncertainty and enhancing customer service”. For 
VCM in comparison so far “there is little evidence of the development of 
an accompanying theory in literature”. They propose a VCM model from 
suppliers to end-user in order to “reduce defects in inventories, reduce the 
processed time to market and improve customer satisfaction”. The VCM 
concept is centered on the value for the customer with four pillars: VCM 
vision, process management, partnership approach, IT integrated infra-
structure and agility and speed. They argue for a broader perspective on 
the value chain, however, conclude with similar results and concepts com-
pared already in SCM to focus on collaboration and customer service. As-
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pects of quantitative value-added and volumes and value management 
throughout a value chain from sales to procurement are not considered. 

Concluding, existing definitions use value chain management as alterna-
tive term for supply chain management focusing on supply volume deci-
sions to fulfil a given demand and minimize costs. Especially, value and 
sales decisions are not covered in an integrated framework.  

To continue, an appropriate definition of integrated value chain man-
agement has to combine the characteristics of simultaneously managing 
volumes and values throughout the entire value chain in order to ensure 
companies’ profitability. Therefore, value chain management has to be de-
fined in this work. 

Value chain management is the integration of  
demand, supply and value decisions from sales to procurement  

using strategy, planning and operational processes. 

This value chain management definition relies on a three-level structure 
for strategic, tactical and operative company control introduced by An-
thony (1965) and used in controlling and supply chain management litera-
ture (Rohde et al. 2000). 

The key aspect is integration of decisions on each level across the com-
pany value chain with the defined interfaces to suppliers and customers. 
But why integrate decisions within the value chain? Why strategic supplier 
and procured product prices and volume decisions should for example be 
integrated with sales price or market strategy decisions? The answer is 
simple: to achieve a global optimum in the value chain instead of a local 
optimum in only one area of the value chain. A company for example can 
reach a local optimum in procurement negotiating very low raw material 
prices for high fixed contracts volumes. This local optimum will not lead 
to a global optimum, if sales volumes are more volatile and fixed procured 
raw material remains as excess inventory on stock. A company targeting a 
local optimum in distribution minimizes inventory and capital costs lead-
ing to lost sales or limited capabilities to hedge risk of volatile raw mate-
rial prices with inventories and hence no global optimum in overall value. 
Shapiro et al. support the idea of having one optimum in the value chain 
stating that a value chain is a “single mathematical model with an optimal 
solution” (Shapiro et al. 1993 reviewed by Schuster et al. 2000). 

Integrated decisions also require simultaneous decision making instead 
of iterative or even isolated decision making. Fulfilment of this postulation 
was nearly impossible to achieve in former years without real-time infor-
mation technology and decision support methods. Thanks to information 
technology and operations research method advances, the objective to syn-
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chronize decisions in real-time even in larger organizations is feasible to-
day. 

The new aspect in value chain management becomes clear comparing it 
to a quotation of Alan Greenspan related to better management of supply 
chains: “New technologies for supply chain management and flexible 
manufacturing imply that business can perceive imbalances in inventories 
at an early stage – virtually in real time – and can cut production promptly 
in response to the developing signs of unintended inventory build up”2 
(Datta/Betts et al. 2004, p. 4). Compared to this postulated direction of 
supply chain management to increase production flexibility in order to fol-
low volatile demand and suppliers (Aprile et al. 2005), value chain man-
agement heads for an opposite direction: it is not about fully increasing 
production flexibility and responsiveness in production to avoid invento-
ries; it is about better stabilizing production utilization by better integrating 
value and volume decisions in procurement and sales. 

The value chain management concept is detailed in a framework being 
presented in fig. 17. 
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Fig. 17 Value chain management framework 

                                                      
2 Alan Greenspan Testimony to the U.S. Senate Committee on Banking, Hous-

ing and Urban Affairs, 13. February 2001. 
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The framework is mainly based on the supply chain management frame-
work of Rohde et al. (2000). Rohde’s work is gradually enhanced to ad-
dress the aspects of synchronized decision making within the value chain 
and the integration of supply, demand and value management concepts as 
shown in fig. 17. The framework is structured into the areas value chain, 
processes and methods. 

The area value chain provides the framework structure by procurement, 
production, distribution and sales. The framework requires having these 
steps under a central control; typically, this is a company organization with 
clear interfaces to customer and supplier organizations. The framework 
supports the idea of having a network of individually managed value 
chains interacting with each other based on clearly defined interfaces and 
legal agreements. The framework does not support the idea towards one 
cross-company industry value chain, where individual companies cooper-
ate and share e.g. plans, inventories and value results transparently based 
on an agreed central planning control authority. This would assume having 
only a situation of collaboration between companies without considering 
competitive and negotiation elements in company relations such as request 
for proposal processes, multi-sourcing or price and service negotiations to 
name a few. 

Value chain processes are differentiated into strategy, planning and op-
erations according to the structure proposed by Anthony (1965), pp. 15-18. 
The strategy, planning and operations processes are further detailed in sec-
tion 2.3.2. 

Different methods are applied in the value chain management processes 
for decision support. Reference, optimization, simulation and analysis and 
visualization methods are distinguished as further detailed in section 2.3.3. 

2.3.2 Value Chain Strategy, Planning and Operations 

The value chain management processes are presented in a process over-
view initially and then further detailed with respect to process characteris-
tics and compared within the framework. 

Value Chain Strategy 

Value chain strategy focuses on synchronized decision on business design 
and business rules in the value chain as summarized in the following defi-
nition. 

Value chain strategy is the integration of business design 
and business rule decisions in the value chain. 
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Business design comprises traditional company network design deci-
sions on production and distribution sites or production resource capacity 
design. The term business design also includes market strategy decisions in 
sales and procurement as well as product strategy and life cycle decisions. 
Shapiro criticizes in supply chain strategy studies that these are often too 
narrowly defined not covering the company strategy as a whole (Shapiro 
2004, pp. 855-856). 

Business rules define upper and lower boundaries and service levels 
agreed in contracts or given by physical structures of the value chain. The 
objective is to integrate business design and business rule decisions 
throughout the global value chain network already on the strategic level to 
enable global value optima in planning and operations. The scope of the 
value chain strategy is illustrated in fig. 18. 
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Fig. 18 Value chain strategy 

The sales strategy needs to decide what product to be sold in which sales 
market representing the sales location in the value chain network. New 
markets needs to be evaluated for their attractiveness and the own competi-
tive position with respect to existing products or the capabilities in the de-
velopment of new products for the respective demand. Sales business rules 
include decisions on the strategic share of contracted business volumes vs. 
flexible spot business volumes. These business rules often depend on sales 
channels and frame contracts with customers. The sales strategy can be 
matched with classical marketing mix decisions on products, prices, pro-
motion and communication, as well as sales channel decisions. 

The distribution strategy needs to support the sales strategy in distribu-
tion location and transportation design decisions specifically to balance the 
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market requirements of lead times and delivery capability with distribution 
costs. Examples for distribution strategy projects are regularly found in 
practice specifically when restructuring a comprehensive distribution net-
work (Sery et al. 2001). Hence, distribution business rules are mainly re-
lated to inventory and transportation boundaries effecting the delivery ser-
vice and support of sales strategies. 

The production strategy is the most investment-critical decision affect-
ing the opening of new production sites and specifically investments and 
divestments in resource capacities and technologies. The production strat-
egy is mainly covered by typical supply chain network design models fo-
cusing on production site and resource network design decisions (Lakhal et 
al. 2001). Production business rules are related to the flexibility of the re-
sources with terms of throughputs, multi-purpose capabilities or change-
overs to name a few. 

The procurement strategy needs to decide strategic sourcing regions and 
suppliers as well as strategic raw materials and products included in cur-
rent and also new products. Request for proposal (RFP) and reverse auc-
tion processes as well as contract negotiations are key elements of the stra-
tegic sourcing process. As a mirror compared to the sales strategy, again 
the company needs to decide, how much volume is procured based on 
fixed contracts and much volume flexibility is required in order to benefit 
from lower prices or to reduce the risk not to be able to sell the corre-
sponding volumes of finished products. Procurement strategies in large 
corporations are often coordinated by a corporate procurement unit in or-
der to bundle corporate-wide volumes for shared products to achieve better 
prices. 

As already mentioned, negotiation and collaboration in value chain 
strategy is firstly related to contract negotiations with customer and suppli-
ers to agree on business rules. Secondly, acquisitions and divestitures – 
representing a network change in the company value chain network – are 
important areas of negotiation and collaboration. Thirdly, joined product 
strategies and development with customers and suppliers − e.g. agreeing 
on specifications and standards − are important areas of negotiation and 
collaboration. 

Value Chain Planning 

Value chain planning is defined in the following. 

Value chain planning is the integration of volume and value  
decisions in the value chain based on the value chain strategy. 
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Volume and values in the defined business design with the given busi-
ness rules are optimized jointly in sales, distribution, production and pro-
curement plans as illustrated in fig. 19. 
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Fig. 19 Value chain planning 

Volume and values in all global network nodes are planned as well as the 
transportation volumes and values between the nodes. Main difference 
compared to traditional supply chain and master planning approaches is 
the joined planning of volumes and values throughout the global value 
chain network with the intention to manage the overall profitability of the 
company ex-ante based on planned volumes and values for the chosen 
planning buckets e.g. months. Specifically, the integration of sales volume 
and price planning with supply planning decisions is an aspect in the value 
chain planning process different to traditional supply planning as shown in 
fig. 20. 

• Demand is forecasted with price and quantity in a first step and aggre-
gated to a total demand volume with an average price. 

• Then, consolidated demand is matched with available supply by volume 
and value. If demand exceeds supply, sales volumes needs to be lower 
than the supply. If demand is not profitable since prices are too low in 
selective businesses, the company also reduces sales volumes where 
possible to ensure profitability. 

• Result is a sales plan to be disaggregated on the individual customer ba-
sis. Sales volumes different to demand volumes are possible if sales fle-
xibility in spot businesses exists compared to sales contracts that need to 
be fulfilled. 
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Fig. 20 Integration of sales and supply decisions in the value chain 

In this case, the aggregate average sales price increases due to the reduced 
volumes, since low-price spot customers are rejected. Thinking one step 
ahead, this sales planning process has many similarities to auction and fi-
nancial market clearing processes: the demand forecast of the customers 
has the character of an ask bid. The volume and price clearing mechanism 
is not based on multiple offers as in double auctions or many-to-many ex-
changes, but is comparable to single-sided auctions. Multiple customers 
compete among a single product supply of the company. The company 
uses the competition to utilize supply in a profitable way. The result is – 
again similar to financial markets – that demand forecast bid not fulfilling 
the clearing conditions are not successful and not supplied.  

Distribution planning covers planning of inventories and transportation 
volumes and values. Both needs to comply with volume boundaries from 
the value chain strategy to ensure delivery capability and comply with 
structural and delivery constraints. Distribution planning is one core com-
petence for retailers focusing on buying, distributing and selling without 
having own production. 

Production planning decides on production volumes and values by site 
and production resource. Production planning normally considers total 
volumes only, while production scheduling in operations decides on the re-
spective schedule. However, cases exist where production lead times and 
change-over constraints may require also considering the sequence of 
products in production master planning. 
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Procurement planning, finally, decides on spot and contract procure-
ment volumes and values based on the negotiated and/or offered market 
respectively supplier prices. Procurement planning is based on the sourc-
ing strategy and frame contracts agreed with suppliers. Here, the discrep-
ancy between local optima and the global optimum in the value chain often 
gets transparent: procurement tends to bundle volumes in fixed contracts to 
minimize procurement costs. This can lead to the situation that volumes 
are not consumed due to a lack of sales; however, the company must take 
the material leading to high and undesired inventories especially at the end 
of the year. 

Negotiation and collaboration in planning is a key aspect of recent re-
search. The negotiation aspect may be less formalized since main negotia-
tions of frame contracts already happened on the strategic level. However, 
contracts can also be and become more short-term in case of increasingly 
volatile prices and markets. Here, negotiations specifically on prices and 
volumes can become integral part of the planning process. If an agreement 
is achieved, collaborative planning focuses on exchanging planning infor-
mation to improve planning quality to jointly lower inventory and ensure 
delivery service. Collaborative planning requires a further integration of 
planning processes with respect to organization, process and information 
technologies. 

Overall the integrated planning of volumes and values in the value chain 
planning process continuously reacts on changes on procurement and sales 
markets and ensures ex-ante the profitability of the company. Therefore, 
limited supply chain planning processes further evolve by integrating pro-
curement and sales volume and value planning into the process. The com-
pany value chains transforms into a marketplace where the company oper-
ates as market maker clearing supplier offering in procurement with 
customer demand in sales through the value chain. This recognition is an 
interesting change of perspective on the role of large industry companies 
with many suppliers and many customers: these companies do not have to 
participate in marketplaces hosted by third party providers but they have a 
large marketplace already inside their company with suppliers and custom-
ers participating. 

Value Chain Operations 

The volume and value plan is the stable framework for value chain opera-
tions as formulated in the following definition. 

Value chain operation is the integration of order schedule 
decisions in the value chain based on the value chain plan. 
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Customer order schedules need to be integrated with deliveries, produc-
tion orders and procurement orders. Volumes and values are already de-
fined. Therefore, the focus is on a time schedule of orders considering pro-
duction and distribution lead times. Fig. 21 illustrates the main task in 
value chain operations also now focused on a geographical region such as 
Europe. The individual schedules of sales orders and purchase orders have 
to be integrated with distribution and production schedules. 
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Fig. 21 Value chain operations 

The purchase orders, sales and distribution order quantities can be higher 
or lower each day depending on the available number of transportation 
units e.g. trucks or ships. The production quantity, however, each day is 
limited by production capacity and cannot be so easily changed day-by-
day. These different volume structures need to be matched by integrating 
order schedules and availabilities of materials. 

Sales order management deals with order entry, order change, availabil-
ity check and confirmations to the customer. Availability check as a con-
cept and as part of Advanced Planning Systems (APS) is also summarized 
under the term Available-To-Promise (Kilger/Schneeweiss 2004; Pibernick 
2005). The availability has to be checked against the sales plan as stable 
framework for the overall period and the physically available material at 
the specific point in time. 

Distribution scheduling covers warehouse scheduling incl. picking and 
packing as well as transport scheduling. Transportation route optimization 
and bundling of transportation volumes have to match the customer order 
schedule. 



2.3 Integrated Value Chain Management      51 

 

Production scheduling of resources and detailed production orders as 
well as change-overs and throughputs is one of the most challenging prob-
lems specifically when multi-purpose resources and production changes 
have to be considered. Production scheduling can be decoupled from or-
ders using inventories and make-to-stock production. 

Purchase order management needs to ensure stable replenishment with 
raw materials or other procured products for production or trading purpose 
executing negotiated contracts or spot plans. 

Negotiation and collaboration in value chain operations is focused on 
electronic and automated exchange of orders and further business docu-
ments like as invoices, quality certificates or delivery documents using 
electronic shops, portals or marketplaces. 

Special concepts such as VMI or CPFR share the characteristic to be 
volume and supply-focused as in supply chain management. Although the 
terms may differ, the detailed processes and tasks match the overall value 
chain management framework, since the anatomy of the value chain is 
considered not to be different. 

Process Characteristics and Comparison 

The processes can be further systematized and compared by process level, 
decision supported, time buckets, planning horizon, frequency and granu-
larity (s. table 5). 

Table 5 Value chain management process characteristics and attributes 

Characteristic Strategy Planning Operations 
Level Strategic Tactical Operative 

Decision Business design 
Business rules 

Volumes  
Values 

Schedule 

Time bucket Year, quarter Month, week Day, real time 

Horizon Years (1-10) Months (1-12) Days (1-90) 

Frequency Yearly, quarterly Monthly, weekly Daily, continuously 

Granularity  High aggregation Medium aggregation Detailed 

The value chain strategy process focuses on long-term strategic business 
design and business rule decisions. Decisions are based on yearly and 
quarterly buckets with a horizon of multiple years. This process is con-
ducted or updated yearly with a new or an updated strategy; in case of very 
dynamic markets, a review could also be quarterly. In decision making a 
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high aggregation level is used not focusing on single customers or articles 
but rather entire markets and product lines or technologies. 

In comparison, the value chain planning process is the bridge between 
the strategic and the operative level deciding all volumes and values in the 
network. The planning process is conducted by default on a monthly basis, 
in businesses with short manufacturing lead times also on a weekly basis. 
Decisions are based on monthly respectively weekly buckets for the next 1 
to 12 months at a medium aggregation level. The volume and value deci-
sion has to be made on the tactical level. The long horizon of the strategy 
process does not allow predicting the future volumes and values exactly 
being influenced by many internal and external factors like raw material 
prices, changes in demand patterns or geopolitical factors or natural catas-
trophes. The short horizon on the operations level does not allow a stable 
volume and value plan, since geographical distances and production re-
sources structure have limited flexibility to react on short-term order 
scheduling. 

Operations processes are on the operative level focusing on order 
scheduling for a specific day or point in time. The schedules have a shorter 
horizon than the planning processes focusing on days. The schedule is 
monitored and updated continuously – daily to weekly. Orders are man-
aged on the most detailed level for single customer respectively suppliers 
and articles. 

Key framework characteristic is the linkage between strategy, planning 
and operations: the strategy process defines the network to be planned as 
well as business rules to be considered as constraints in planning. Agreed 
volume and value plans are the stable framework for operations schedule 
requiring participants to meet the agreed plans. It is important to mention 
that decisions are clearly associated only to one process. For example, an-
nual budget plans of volumes and values often are used for individual or 
organizational target setting. Given the strategic character, these volumes 
should support business rules or business design decisions e.g. investment 
decisions in locations or production resources as well as market entry 
strategies or strategic alliances with suppliers, but they are less suitable for 
target setting specifically when operating in a volatile business environ-
ment. Therefore, actual volume and value decisions as well as target set-
ting should be made in the tactical planning process. Same is true for op-
erations, where it is not be the objective to optimize the overall volumes 
but the schedule of already agreed volumes and values in the plan. This is 
often a complex operations research problem, however, the volume and 
value optimization potential and degree of freedom is given by the plan. 

As shown in the framework, there is one strategy and one planning 
process as well as multiple operations processes for volumes and values. 
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Typically, multiple functions-oriented processes can be found, where the 
same volumes and values are planned several times from different perspec-
tives. Here, all functional units in sales, controlling, marketing, supply 
chain management, logistics, production and procurement should agree on 
one strategy and one planning process. Theses processes interact with the 
respective multiple processes of multiple customers and multiple suppliers. 
This is also important to mention, since collaborative supply chain man-
agement concepts often rely on the assumption that the company collabo-
rates only with one supplier or one customer not considering the competi-
tion of multiple customers and suppliers for company products and 
production resource capacities as well as procurement volumes, respec-
tively. This is a main obstacle to collaboration requiring 1:1 partnerships 
while the real world is a many-to-many market system. 

Decisions in value chain processes and the processes itself have always 
a conceptual and quantitative basis, which is complex and comprehensive 
considering the entire value chain. Several methods have been developed 
to support decision-making as shown in section 2.3.3. 

2.3.3 Value Chain Management Methods 

Different methods exist to support value chain management decisions in 
strategy, planning and operations that are applied in respective decision 
support models. A basic definition of method and model can be found in a 
review by Teich (2002), pp. 219-220. 

Method is based on the Greek term methodos meaning way towards 
something or way or process of examination. A method can be defined as 
“systematic approach with respect to means and objectives that leads to 
technical skills in soling theoretical and practical tasks.” Methods and 
methodological approaches are characteristic for scientific work and solu-
tion of theoretical as well as practical problems. Primary decision support 
method categories are shown in fig. 22 (Specker 2001, p.39) reviewed by 
Nienhaus (2005): reference, simulation, optimization as well as analysis 
and visualization. 
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Fig. 22 Value chain management method categories 

Reference 

The reference method develops good states as comparison for decision 
support on concept design (Nienhaus 2005, pp. 24). Reference models – in 
industry also often called best practices – can be found e.g. for processes, 
organization, performance management or information technology (IT) 
concepts. Business process reference models have been developed in the 
context of process-supporting applications specifically Enterprise Re-
source Planning (ERP) applications (Brenner/Keller 1994; Keller/Teufel 
1997; Curran/Keller 1998). These process models used specific process 
modeling methods such as the Event-driven Process Chain (EPC) or Petri 
networks. ERP application suppliers such as SAP developed process refer-
ence models to support the introduction and training of their software in a 
business-oriented way and use the reference for optimization of processes. 
These reference models provide processes combined with IT and organiza-
tion reference, since processes are modeled together with IT functions and 
organizational roles or units. However, reference processes are often on a 
very detailed transaction level limited to operations and administration 
processes in the company. The aspect of volume and value management in 
the value chain and concentration on these fundamentals is often over-
whelmed by a significant complexity and number of processes in the refer-
ence models. 

The Supply Chain Operations Reference (SCOR®) model is a reference 
model for supply chain planning and operations processes as well as per-
formance management developed by the cross-industry organization Sup-
ply Chain Council (SCC) started in 1996 (Supply Chain Council 2006; re-
viewed by Sürie/Wagner 2004, pp. 41-49). The SCOR® model structures 
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the value chain in make (production), source (procurement) and deliver 
(sales & distribution) processes as well as the planning and operations 
level. The SCOR® model also includes a set of best-practices supply chain 
measures called Key Performance Indicators (KPIs) to share common 
definitions. The SCOR® model is specialized on supply chain management 
excluding value and pricing in sales and procurement as well as the strat-
egy level in the value chain. 

Specialized performance management reference exclusively concentrate 
on key performance indicators and reference definitions. In addition, inte-
grate performance management framework such as the balanced scorecard 
structure performance indicators into different performance categories 
such as customers, processes, human resources and financials (Kap-
lan/Norton 1997; Zimmermann 2003). Several KPIs such as production 
utilization, delivery reliability, inventory ranges and planning quality are 
key measures in supply chain management (Nienhaus et al. 2003) and also 
in value chain management. However, these KPIs need to be extended to 
cover the entire value chain including the value aspect of the management. 
Consistent KPI definitions in Sales, Marketing, Controlling, Supply Chain 
Management, Production and Procurement are required. Process reference 
model in this work influences the Value Chain Management Framework 
with respect to Strategy, Planning and Operations Processes. 

Simulation 

Simulation methods compare different future states serving as basis for 
sensitivity analysis and system design decisions. Simulation can be used as 
prescriptive method in decision support (Tekin/Sabuncuoglu 2004) and is 
used for example in the area of production and logistics (Rabe 1998). Ma-
terial flow simulation in physical logistics facilities are one example, 
where simulation of future running operations is used to design capacities 
and material flows as decision support for an investment. Simulation 
methods in value chain management can be used to compare different sce-
narios in strategy, planning and/or operations e.g. to simulate decision out-
come including uncertainty of volumes and prices. Simulation results are 
analyzed with respect to sensitivity considering risks, validity and optimi-
zation criteria (Kleijnen 2005a). Kleijnen distinguishes spreadsheet simu-
lation, system dynamics (SD), discrete-event simulation and business 
games (Kleijnen 2005b, p.82): 

• spreadsheet simulation provides simple and easy to use test beds to 
simulate e.g. focused production and distribution systems 
(Enns/Suwanruji 2003) 

• system dynamics (SD) developed by Forrester (1961) initially under the 
term “industrial dynamics” consider entire industry systems from an ag-
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gregate perspective and simulate change of key system parameters 
based on quantitative cause-effect relations between the parameters; in 
supply chains, system dynamics is used e.g. to simulate cause-effect re-
lations between orders, production and inventory quantities (Anger-
hofer/Angelides 2000, Reiner 2005) 

• discrete-event simulation simulates individual events such as arrivals of 
customer orders incorporating uncertainties 

• business games includes human behavior into simulation letting human 
participants interact based on a defined game or business setup as for 
example in game theory 

Simulation methods are embedded in simulation tools supporting to 
model simulation problems and partly supporting comprehensive visuali-
zation of simulation results (Fu 2002; Mason 2002).  

Uncertainty in value chain management is a key motivation to use simu-
lation comparing different scenarios, e.g. of demand quantities and prices, 
in order to simulate capacity planning in the automotive industry (Eppen et 
al. 1989) 

Optimization 

Optimization methods calculate one best future state as optimal result. 
Mathematical algorithms e.g. SIMPLEX or Branch & Bound are used to 
solve optimization problems. Optimization problems have a basic structure 
with an objective function H(X) to be maximized or minimized varying the 
decision variable vector X with X subject to a set of defined constraints Θ 
leading to max(min) ( ),H X X ∈Θ  (Tekin/Sabuncuoglu 2004, p. 1067). 
Optimization can be classified by a set of characteristics: 

• Local vs. global optimization addresses the computation and characteri-
zation of global optima (i.e. minima and maxima) of non-convex func-
tions constrained in a specified domain. Global optimization focuses on 
finding a global optimum of the objective function f subject to the con-
straints S (Floudas et al. 2005, pp. 1185-1186) ensuring that no other 
global optimum exists within other local optima; in value chain man-
agement, a global value optimum should be reached instead of local op-
tima in the individual functions procurement, distribution, production 
and sales. 

• Single v. multiple objectives is related to having a single objective to be 
maximized or minimized or if multiple also competing objectives have 
to be balanced; in value chain there can be a single global objective e.g. 
to maximize profit or multiple objectives addressing different stake-
holders such as customers, employees and the public. Multi-objective 
optimization often requires a subjective evaluation of objectives e.g. 
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customer satisfaction vs. profits. Therefore, it is easier and more prag-
matic to optimize one objective and to ensure the compliance with other 
objectives in constraints.  

• Discrete vs. continuous space is related to the possible values of the de-
cision variables: deciding production quantities for instance is reflected 
by a continuous decision variable while deciding to make a change-over 
or not is a binary decision requiring a discrete decision reflected by in-
teger variables in this case 0 or 1. 

• Deterministic vs. stochastic: an optimization problem can be based on 
deterministic parameters assuming certain input data or reflect uncer-
tainty including random variables in the model; in value chain manage-
ment deterministic parameters are the basic assumptions; extended 
models also model specifically uncertain market parameters such as 
demand and prices as stochastic parameters based on historic distribu-
tions; in chemical commodities, this approach has some limitations 
since prices and demand are not normally distributed but depend on 
many factors such as crude oil prices (also later fig. 37). 

Optimization models are also classified by the mathematical problem to 
be solved: 

• Linear Programming (LP) for continuous variables based on the 
SIMPLEX algorithm 

• Mixed Integer Linear Programming (MILP) including continuous and 
integer variables using e.g. the Branch & Bound Algorithm for finding a 
solution near to optimum defined by the optimization tolerance called 
MIP gap 

• Quadratic programming (QP) is a special problem including a product 
of two decision variables in the objective function e.g. maximization of 
turnover max p x⋅  with p and x both variable requiring a concave objec-
tive function and that can be solved if the so-called Kuhn-Tucker-
Conditions are fulfilled, e.g. by use of the Wolf algorithm (Dom-
schke/Drexl 2004, p.192) 

• Constraint Programming (CP) is a further optimization approach where 
relations between variables are stated in form of constraints in order to 
better solve specifically hard bounded integer optimization problems 
such as production scheduling 

• Genetic Algorithms (GA) are used in case of large combinatorial prob-
lems and can be applied e.g. for example in complex value chain net-
work design decisions (Chan/Chung 2004) 

Where mathematical programming promises exact optimal solutions, 
heuristics can find solutions that come close to optimal solutions. The ad-
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vantage of heuristics used to lie in simplicity and speed of solutions find-
ing a solution that is close or even match the optimal solution (Schuster et 
al. 2000, pp. 176). However, today, exact optimization is capable also to 
solve many complex industry-scale optimization problems in acceptable 
time thanks to the advance of computer technology and progress has made 
in improving optimization algorithms since 1950s: large scale problems 
e.g. of 10 million constraints and 19 million variables can be solved within 
1.5 hours (Bixby 2005). Therefore, optimization is widely used in practice 
e.g. in production scheduling, transportation route optimization or strategic 
network design problems. Challenges in practices are more the level of 
specialized knowledge required to operate optimization systems in indus-
try application (Schuster et al. 2000). 

Analysis and Visualization Methods 

Analysis and visualization methods focus on direct decision support to 
bridge the gap between comprehensive data results from simulation or op-
timization towards focused condensation, analysis and visualization sup-
porting action-orientation and decision making. They also target to support 
the modeling of value chain structures and networks to make processes and 
network structures transparent and ease the understanding of planning as 
well as supporting to use optimization and simulation methods without 
having a profound know-how in these methods (Ünal et al. 2002) 

Key Performance Indicators (KPIs) in supply chain balanced scorecards 
and performance management are one example for analysis methods. 
Beamon (1998) and Chan (2003) distinguish qualitative performance 
measures such as customer satisfaction, on-time delivery, fill rate or flexi-
bility as well as quantitative measures based on costs in distribution, 
manufacturing and inventory or warehousing.  

Besides combined methods exist such as search algorithms or simulated 
annealing that are applied to analyze optimization or simulation results as 
presented in the following. 

Simulation-based Optimization as Combined Method 

Presented methods can be combined to provide advanced decision support. 
Simulation-based optimization combines simulation and optimization in 
order to use simulation no longer as descriptive but as a prescriptive 
method and decision support (Tekin/Sabuncuoglu 2004). Tekin and 
Sabuncuoglu provide a classification on advanced simulation-based opti-
mization methods (Tekin/Sabuncuoglu 2004, p. 1068) as illustrated in fig. 
23. 
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Fig. 23 Simulation-based optimization method classification 

In addition to the basic methods such as SIMPLEX, other key methods for 
value chain management are the response surface methodology (RSM) to 
find a global optimum in a multi-dimensional simulation result “surface” 
(Merkuryeva 2005) or simulated annealing applied in the chemical produc-
tion to find optima e.g. for reaction temperatures (Faber et al. 2005). 

Several simulation-based optimization models in the context of supply 
chain management can be found e.g. in the area of supply chain network 
optimization (Preusser et al. 2005) or to simulate rescheduling of produc-
tion facing demand uncertainty or unplanned shut-downs 
(Tang/Grubbström 2002; Neuhaus/Günther 2006). A basic approach of 
simulation-based optimization is presented by Preusser et al. 2005, p. 98 il-
lustrated in fig. 24. 
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Fig. 24 Interaction between simulation and optimization 

By combining simulation and optimization, benefits of both methods can 
be combined e.g. to simulated different input data scenarios – such as price 
scenarios – and analyze the resulting optimal plans in comparison. This 
approach is specifically relevant for planning volatile and uncertain prices 
of chemical commodities. 

Methods used in Models 

The introduced methods can be used in a value chain planning model. A 
model – derived from the Latin word modellus meaning measure – is a fo-
cused representation of reality focusing on problem-relevant aspects and 
their functional relations (Teich 2002, p. 219). The model applies refer-
ence, optimization, simulation and/or analysis and visualization methods to 
support decisions based on formulated requirements. 

2.4 Conclusions 

Integrated value chain management framework is an essence of so far 
separated concepts in the value chains either focusing on managing supply, 
demand or values: 

• Value chain management is the integration of strategy, planning and op-
erations decisions in the value chain to reach a global value optimum 

• In this context, value chain planning is the integration of volume and va-
lue decisions based on the value chain strategy transforming the com-
pany into a marketplace clearing supplier offers in procurement with 
customer demand in sales 



2.4 Conclusions      61 

 

• Value chain management is based on models using appropriate methods 
like reference, simulation, optimization and/or analysis and visualiza-
tion. 

The value chain management framework is used as conceptual basis for 
developing a global value chain planning model for the specific scope of a 
global commodity value chain in the chemical industry. 



 

 

3 Chemical Industry and Value Chain Characteristics 

The chemical industry is the application field for the study and the devel-
opment of a global value chain planning model. General characteristics of 
the chemical industry as application field are described in this chapter. Par-
ticularities of chemical commodities are described in more detail being 
relevant for the considered case. 

The considered global commodity value chain is specified applying a 
value chain typology. The typology is used also to define the work scope 
and to derive the value chain planning requirements. 

3.1 Chemical Industry Characteristics 

The chemical industry is presented in an overview with chemical value 
chain structures, industry specifics, market structures and trends before fo-
cusing on commodities. 

3.1.1 Chemical Industry Overview 

The chemical industry is one of the key global industries with chemical 
product sales of € 1,776 billion globally in 2004 (CEFIC 2005, p. 3). In-
dustries can be classified as mainly process, discrete or service industries 
between natural resources and the final end consumer need as shown in 
fig. 25. 

The chemical industry is a sub-industry of the process industry. The 
process industry is characterized by production in processes that can be 
convergent as well as divergent. The process industry consists of firms that 
"add value by mixing, separating, forming and/or chemical reactions by 
either batch of continuous mode" (Wallace 1992 reviewed by Den-
nis/Meredith 2000, p. 683). Products in process industries can be interme-
diates and finished products at the same time sold or used for others prod-
ucts. Other sub-industries in the process industries are oil and gas, steel 
and metals, pulp and paper or pharmaceuticals as well as parts of consumer 
goods such as food production. 
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Fig. 25 The chemical industry as part of the process industry 

The manufacturing pendant to process industry is the discrete industry e.g. 
automotive or engineering industry, where discrete products are assembled 
using other discrete components. Here, production is convergent, since 
multiple input components are assembled to one produced product result-
ing e.g. in built-to-order planning problems in the automotive industry 
(Meyr 2004a). 

Thirdly, the service sector covering multiple services is characterized by 
intangible services not requiring a physical production. Industries and spe-
cific companies are often not fully classifiable into these categories if 
mixed business model exist.  

The chemical industry as part of the process industry sector can be per-
ceived as a raw material supplier for other process as well as discrete in-
dustries. 

The term chemistry has roots in the Greek term khumeia meaning pour-
ing together- , the Egypt term khemein meaning preparation of black pow-
der and the Arabic term al-kimia leading to alchemy as the art of transfor-
mation. Chemistry developed over ca. 1.300 years driven by key 
discoveries and innovations, which can be structured in three periods: the 
ancient period (until 7th century) characterized by trial and error, the mid-
dle age (7th- 17th century) characterized by the alchemists and the modern 
times (after 17th) characterized by scientific chemical research (N.N. 
2006g; N.N. 2006h; N.N. 2006i). 

The current structure of the chemical industry can be characterized by 
the different products starting at with oil and gas and with further refine-
ments on the following steps with petrochemicals, basis chemicals, poly-
mers, specialties and active ingredients as shown in fig. 26. 
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Fig. 26 Chemical products in the chemical industry value chain 

These products are used in multiple applications cross-industries e.g. in 
packaging, cooling, coatings, as well as food and nutrition. Product life cy-
cles are often longer compared to other industries and products, e.g. semi-
conductors posing different requirements on forecasting semiconductor 
demand (Mallik/Harker 2004). Products developed decades ago are still 
important raw materials sold to the market today. The chemical industry 
serves many other industries as raw material supplier and often serves as a 
good indicator for the overall economic development. The chemical indus-
try has some specifics to be detailed in the following: 

• The chemical product tree and the “Verbund” production 
• Every product is a finished product 
• Commodity products vs. specialty products 
• Batch, campaign and continuous production processes 
• Global vs. regional vs. local markets 

The Chemical Product Tree and the “Verbund” Production 

The chemical value chain shown in fig. 26 results into a product tree over 
multiple steps: starting from the oil refinery and a steam-cracker, chemical 
products are processed over multiple steps with increasing variety and 
complexity by adding further substances or additives. The chemical prod-
uct tree is often reflected in the production structure of chemical produc-
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tion plants also called “Verbund” production: neighbored products are ar-
ranged in factories at the same site linked by pipelines leading to highly in-
tegrated production sites as shown illustratively in fig. 27: 
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Fig. 27 Multi-stage structure of chemical industry production 

Managing and planning these complex networks including production, ma-
terial flows, inventories but also procurement and sales is a challenging 
task. 

Every Product is a Finished Product 

As illustrated in fig. 27, products produced in a chemical production net-
work are by default “finished” products, meaning they can be sold to cus-
tomers instead of being used as intermediate products in the next produc-
tion step. This principle leads to additional complexity since production 
demand for a product is composed of secondary demand caused by the 
subsequent production step as well as market demand or sales opportuni-
ties for this product. On the other hand, this also provides the opportunity 
to better utilize production assets by pushing excess production quantity to 
the market if the price is sufficiently attractive. 
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Commodities vs. Specialties 

A key product classification scheme in the chemical industry is the differ-
entiation of specialty and commodity products. Kline (1976) provides a 
segmentation of the chemical industry into commodities, specialties and 
fine chemicals shown in fig. 28. 
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Fig. 28 Chemical industry segmentation example 

This classification correlates with the chemical value chain and the product 
tree. Products produced in early stages of the product value chain are 
rather commodity-type products, while products produced in the very late 
stage of the value chain are rather specialty-type products. Commodity and 
specialty classification is often not straight-forward and can depend on a 
set of characteristics as shown in table 6: 

Table 6 Differentiating characteristics of commodities vs. specialties 

Characteristics Commodity Specialty 
Product type Standard Special 
Product lifecycle Mature Early stages 
Product variants Few Many 
Main buying criterion Price Unique Product Properties 
Volumes High (bulk) Small (bags) 
Unit value Low High 
Unit margins Low High 
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Commodity vs. specialty is not only related to product properties from a 
company-internal perspective but also to the business associated with this 
product. The management of commodities is less focused on product com-
plexity as in the case of specialties, e.g. related to product variants, pack-
aging and small volumes. It is more related to manage large volumes and 
values as well as prices. Consequently, the differentiation of commodities 
and specialties impacts the management of the value chain significantly. 

Continuous, Campaign and Batch Production Processes 

Chemical production is a further area of characteristics and specifics in the 
chemical industry. Chemical products are produced in production proc-
esses including a reaction of chemicals. These production processes can be 
differentiated in continuous, campaign and batch production processes as 
illustrated in fig. 29. 
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Legend: production processes P1 and P2  

Fig. 29 Production process types 

Production processes differ with respect to production time and through-
put. Continuous processes have a variable production time and variable 
throughput during the process. Continuous processes run on single-purpose 
assets with one product continuously produced not requiring regular 
change-over decisions. 

Campaign processes have also variable production time. Different to 
continuous production, campaign production is related to multi-purpose 
assets, where different processes and products can run on the same produc-
tion resource and change-over decisions between campaigns need to be 
taken. Finally, batch processes have a defined lot size, start and end time 
of production as well as throughput.  

Batch production is also related to multi-purpose resources. The integra-
tion of batch schedules across resources for related products is one of the 
most challenging production scheduling tasks. Commodity products are 
rather produced in continuous and campaign production mode with high 
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volumes, while specialty products are rather produced in campaign and 
batch mode with smaller lot sizes and overall lower volumes. 

Global vs. Regional vs. Local Markets 

A third overview characteristic for the chemical industry is the geographi-
cal orientation differentiated into global, regional and local as shown in 
fig. 30. 

Fig. 30 Global, regional and local networks 

Global networks are designed to serve a global market structured by the 
different continents. World-scale assets at the globally-oriented production 
sites are designed to serve global demand. The management of global ma-
terial flows specifically based on container shipment is a key task and of-
ten organized in global business units. Secondly, regional network are de-
signed for separated regions such as NAFTA, EMEA and Asia. Similar 
production structures are located in the respective region and designed to 
serve this region. The value chain management for these businesses is also 
often structured into regional business units. Thirdly, local networks are 
designed around a specific site in an area of hundreds of kilometers mean-
ing with distances. Local networks focus on integrated site management 
including partners and material flows. The geographical network orienta-
tion has a significant influence on value chain management. 

The chemical market with respective players, trends and products are 
described in the following as basis for a better understanding of the spe-
cific application field. 

3.1.2 Chemical Market and Development 

Chemical market characteristics and development is important to under-
stand requirements and drivers of this industry to be addressed by research 
and practitioners. The market overview is structured in different topics: 
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• Chemical market overview: provide understanding for market structure 
and development by products, applications, regions and market players 

• Chemical industry trends: provide overview on current trends and chal-
lenges in the industry 

Chemical Market Overview 

The chemical industry is one of the largest global industries with an annual 
sales value of € 1,776 billion in 2005. The chemical industry in Europe 
counts for 2.5% within 24.5% overall industry contribution to the total 
GDP in the EU 15. Traditionally important markets for the chemical indus-
try are Europe and the United States counting for 60% of global sales 
value in 2004 as shown in fig. 31 (CEFIC 2005). 
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Fig. 31 Global chemical market by regions 

However, Europe and the US face lower growth rates close to GDP growth 
while Asia is growing dynamically and already count for 29% of global 
chemical sales. Chemical companies operating in these markets face the 
situation that large part of the production capacities are located in the tradi-
tional markets of North America and Europe, while the demand and 
growth opportunities are shifting to Asia. 

This in-balance between demand and supply is reflected in the increase 
of global trade driven by globalization. Expansion of world trade for 
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chemicals is driven by opening of markets with less protectionism and 
lowering of trade barriers such as import tariffs or restrictions on the regu-
latory side but also by significant decline of transportation costs thanks to 
standardized container shipment. Considering the global balance of sales, 
imports and exports in 2004, Europe reached the highest level of trade im-
port and export volumes compared to its sales within the region and com-
pared to trade in other regions (COMTRADE 2005, p. 23) as shown in fig. 
32. 

Size of bubble corresponds to 2004 sales in billion Euro; arrows equal 2004 trade flows in billion Euro
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Fig. 32 Global sales and value flows in the chemical industry 

Globalization in the chemical industry is characterized by regional growth 
differences. High growth rates exist in emerging markets in Asia and East-
ern Europe and lower growth rates in traditional mature markets such as 
the EU and NAFTA, where the majority of the chemical industry capaci-
ties are located. These differences will drive further trade between tradi-
tional producing regions and emerging demanding regions. This constella-
tion is a key driver for global trade between these regions and would foster 
new investments and increase in capacities in the growing markets such as 
Asia with the core countries China, Japan, as well as Korea. 

Along with globalization, the industry has generated large corporations 
of significant size acting around the global. The global top 50 chemical 
producers in 2004 had sales of 587 billion dollars with a profit margin of 
8.1% and research and development spending of 2.1% both against sales 
(Short 2005). Still, the chemical industry is a very fragmented industry not 
much consolidated: the first three companies count for only estimated 5% 
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global market share, the Top-50 companies count for 27% market share as 
shown in fig. 33. 

Source: Short (2005), CEFIC (2005)
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Fig. 33 Company ranking in the chemical industry 

Deans et al. (2002) confirm that the chemical industry is still in the second 
of four phases in industry consolidation phases towards an industry end-
game with few very large corporations. Further global consolidation driven 
by internal organic growth as well as by external growths using mergers 
and acquisitions is expected. 

Chemical Industry Trends 

With the beginning of the 21st century, the chemical industry changes 
driven by several trends (see for example Staudigl 2004): 

• Globalization: as shown increase of world trade driven by emerging 
markets especially in Asia is a main trend not only in the chemical in-
dustry (Laudicina 2004). Besides managing global material flows, com-
panies face new markets with suppliers, customers, but also new com-
petitors from emerging markets. 

• Consolidation: as shown further consolidation of the industry leads will 
drive the occurrence of increasingly large and complex corporations that 
needs to be managed (Deans et al. 2002, pp. 13-17) 
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• Commoditization and margin pressure: product portfolios former being 
specialties are confronted with commoditization, standardization leading 
to margin pressure. 121 process industry managers reported in 2002 that 
cost reductions e.g. by restructuring, outsourcing and optimization of 
production networks have highest priority in 2003 (A.T. Kearney 2003). 

• Innovation: recently several innovation areas emerged such as biotech-
nology, nanotechnology, energy technologies as gene technology leav-
ing the research laboratories; new products are expected to be using 
these basis technologies for new applications as well as substituting for-
mer products. 

• Legislation: specifically EU legislation targets to ensure health of con-
sumers controlling toxic impact of chemicals; corporations are con-
fronted with precise documentation and test procedures requiring sys-
tems support to handle complexity. Globally, trade policies of the 
GATT and WTO has well as compatibility of standards and compli-
ances are further conditions to be considered (Delfmann/Albers 2000, 
pp. 18) 

• Sustainability: overall objective for human beings formulated by the 
United Nations in the 1990s is to ensure sustainable development for fu-
ture generations; chemical companies have already started to translate 
this objective into their industry practice with respects to products de-
veloped and sold, energy and natural resource efficiency in their proc-
esses, climate protection, corporate social responsibility for the work-
force as well as stakeholders in production and consuming areas; 
sustainability as an objective also already inspired operations research 
and supply chain literature (see for example Zhou et al. 2000; Al-
Sharrah et al. 2002) 

Budde et al. (2002) conclude that the chemical industry companies have 
to address globalization, increasing raw material prices and increased 
competition by focusing on core competencies, regional and global con-
solidation but also on better pricing e.g. using an industry pricing strategy 
(Budde et al. 2002).  

In addition to overall industry trends, the chemical industry has some 
specific value chain and supply chain requirements (Grunow/Günther 
2001, Poesche 2001, A.D. Little 2003, Nienhaus et al. 2003, Shah 2005). 
The economic importance of supply chain and value chain management is 
significant since supply chain costs can represent as 60%-80% of a typical 
chemical manufacturer’s costs (Gibson 1998 reviewed by Garcia-
Flores/Wang 2002). Moreover, value chain management addresses the 
overall improvement of the value-add between turnover and procurement 
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costs. Therefore, some chemical industry-specific requirements for supply 
chain management are 

• decrease supply chain costs by better using “economies of scale” spe-
cifically in production by running longer campaigns and avoiding 
change-overs (A.D. Little 2003),  

• decrease inventories and capital employed; for the related pharmaceuti-
cal industry inventory value in global operating companies can reach up 
to 20-40% of turnover (Boeken/Kotlik 2001) 

Hence, value chain management and specifically global value chain 
planning of commodities plays an important role for chemical companies 
due to the direct relation to globalization, consolidation as well as com-
moditization. Specifics of chemical commodities are presented in the fol-
lowing. 

3.1.3 Specifics of Chemical Commodities 

Commodity as a term is derived from the French term commodité meaning 
convenience in terms of quality and service based on the former Latin 
word commoditas meaning the appropriate measure of something (N.N. 
2006j). 

Commodities are mass products produced and sold in high volumes with 
standardized quality and few variants. Primary commodities such as natu-
ral resources can be defined as “materials in their natural state” (Baker 
1992) produced in large volumes and available from many sources 
(Champion/Fearne 2000). 

The price is typically the key buying criterion for customers since ser-
vice and product properties are of standardized quality and a less differen-
tiating buying factor for customers. 

Commodities are originally subject to economic research and financial 
market analysis (Meadows 1970; Labys 1973; Labys 1975; Hallwood 
1979; Guvenen 1988). Natural resource commodities such as metals, agri-
cultural products or oil and gas are subjects to research with the focus on 
effective and efficient market mechanisms from a macro-economic and fi-
nancial market perspective. These commodities are mainly traded on 
many-to-many exchanges with double auction pricing mechanisms clear-
ing offer and demand bids to determine market prices (Bourbeau et al. 
2005; Xia et al. 2005). Market price transparency allows to analyze and 
trying to predict future prices using statistical models, e.g. as demonstrated 
for copper by Nielsen/Schwartz (2004). Compared to natural resource 
commodities, industry commodities markets are less perfect, little many-
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to-many exchange exists, mainly single-sided auctions or bilateral negotia-
tions are applied as market pricing mechanisms. 

Chemical commodity products are typically produced and sold in high 
volumes at low unit value to mass markets in comparison to specialties 
sold in lower volumes at higher unit value to specialized markets. Typical 
product categories with commodity character in the chemical industry are 
petrochemicals, basis chemicals and parts of polymers, while agriculture or 
nutrition products are rather specialties. However, also specialty products 
exist within commodity product categories, since value-adding substances 
can be attached to a commodity product to modify the material’s properties 
required by applications like color, inflammability, flexibility or resistance 
against hot or cold temperatures to name a few. Finished commodity prod-
ucts sold to the market mainly require commodity products as key raw ma-
terials that are produced on earlier stages of the chemical product tree. 
Naturally, every commodity product used to be a specialty when it was 
launched initially. Hence, commodity products and the respective markets 
are often more mature and exist for quite some time compared to specialty 
products. In case of overcapacities, commodity products can become sub-
ject to aggressive price competition and suppliers try to improve their cost 
position e.g. by optimizing the production network (Ferdinand/Haeger 
2001). 

The production network for commodity products are often multi-level 
involving multiple steps, where on each step products flow into the subse-
quent steps or they are sold to the market. Petrochemicals, e.g. as shown in 
fig. 34 with an example of Kuwait’s petrochemical industry, are a good 
example (Al-Sharrah et al. 2001, pp. 2110). The relation between oil and 
gas-near products on the left side and further processed products such as 
plastics like polystyrene get transparent. A main task is to plan these net-
works and also look for simplification in material flows (Al-Sharrah et al. 
2003). These chemicals are produced in large volumes in continuous or 
campaign production modes with certain flexibility in throughput and 
utilization between a minimum and maximum output level. Polystyrene is 
an example for a chemical material used for end user application e.g. in re-
frigerators, packaging or consumer electronics (Franke 2005). 
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Fig. 34 Petrochemical industry example from Kuwait 

Production processes for chemical commodities exist often already for 
decades and are continuously enhanced as shown in the following example 
from the 1970s. Commodity production processes this time already have 
been rather complex composed by multiple reactions and interim steps as 
shown in the following example of Caprolactam production, an intermedi-
ate product for Polyamide (Sittig 1972, p. 139) in fig. 35. 
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Continuous Production Process for Caprolactam Production via 
Nitrocyclohexanone and Aminocaproic Acid

Patent: Sheehan, D.; Vellturo, A.F.; Gay, W.A.; Hegarty, W.P.; Threlkeld, D.D.; 
US Patent 3,562,254, February 9, 1971

 

Fig. 35 Example of a chemical commodity production process 

Commodity production planning requires to aggregate the process-internal 
units such as reactors, dryers or tanks into a an aggregate asset planned as 
a whole with dedicated interfaces of raw material input and production 
output as shown in the left and right part of the process example. 

Typical management problems given volatile raw material and sales 
prices are driven by bottleneck steps in the network: e.g. Styrene is an ex-
ample in the network shown in fig. 34 for a product used in multiple sub-
sequent products. In this case, value chain planning across multiple steps 
from sales to raw material is required to decide the optimal use of Styrene 
on the subsequent steps not only considering this relation but the entire 
value chain network including raw material volumes and prices required to 
produce Styrene. 

Prices for chemical commodities are volatile and can change regularly 
as shown in a further example for two polymers in fig. 36. 
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Fig. 36 Example of chemical commodity price development 

Main price driver for chemical commodities is the development of oil 
prices influenced by many parameters as shown in the fig. 37 (s. Al-
Sharrah et al. 2003, p. 4680). Not only direct demand and supply for 
crude-oil but also the development of substitutes such as natural gas or 
other energy forms such as nuclear power can have an influence on oil 
prices according to Al-Sharrah et al. as shown in fig. 37. 

Slowing World Economic Growth
Rising World (excluding OPEC) Oil Production

Natural Gas Substitution for Oil
Oil Conservation

OPEC Capacity Additions
OPEC Downstream Discounting to Gain Market Share

Accelerating World Economic Growth
OPEC Ability to Limit Production

Decline in the Use of Nuclear Power
Decrease in Oil Exports from the Former Soviet Union

Decline in U.S. Oil Production 
Environmental Restrictions Limiting Oil Exploration 

and Coal Use

Oil prices

 

Fig. 37 Selected variables determining oil prices in the short range 
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Since many influences exist, oil prices are volatile in a short range that 
price management of commodity chemicals dependent on crude oil require 
regular attention. Several authors investigate the relationship between 
crude oil prices and the prices of subsequent products such as Kerosene 
and Naphtha (Asche et al. 2003) as well as discuss optimal markup pricing 
strategies for petroleum refining (Considine 2001). 

Chemical commodity prices are also analyzed regularly and published 
e.g. in journals and papers. For most of chemical products, no many-to-
many exchanges as for natural commodities exist. Prices are rather negoti-
ated bilaterally between supplier and customer based on contracts or spot 
business. Spot and contract pricing is mainly done bilaterally with some 
specific instruments established such as the ”European Contract Price” 
(ECP) in Europe where market participants can agree on a quarterly con-
tract that is oriented in general at the price of the two leading suppliers in 
the respective industry (Rainer/Jammernegg, 2000, pp. 118). The right bal-
ance between spot and contract has impact on the profit variability as 
shown by Seifert et al. (2002).  

Prices are analyzed in regular market surveys where producers, consum-
ers and merchants across a region are contacted to gather current price 
level. Results are published in magazines as shown in the following exam-
ple from the ECN magazine (Todd 2004) or in web-based analysis ser-
vices. Here, the typical differentiation in spot and contract gets transparent 
as shown in fig. 38. 

 

Fig. 38 Bulk chemical price examples 
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Commodity markets are also characterized by more intense competition in 
supply and demand with multiple offering suppliers and multiple demand-
ing customers. This causes the fact that a customer can change to a differ-
ent supplier and a supplier can supply alternative customers more easily 
compared to specialty markets. Specialty markets are also often character-
ized by close cooperation between customer and supplier e.g. using just-in-
time delivery in the automotive industry requiring a close integration and 
collaboration. 

Concluding, due to price and volume volatility, margins and profitabil-
ity are also volatile as already shown in fig. 1. Hence, managing chemical 
commodity value chains limited to volume management is not enough to 
ensure profitability (also Franke 2005). This also holds true increasingly 
for subsequent industries buying chemical commodities e.g. in the molding 
industry: here volatile raw material prices for polymers such as PE and PP 
impacts directly profitability of the molders (Hofmann 2004). 

Chemical Commodity Characteristics Relevant for Value Chain Management 

Initial characteristics relevant for chemical commodity value chain man-
agement are: 

• Raw material prices are volatile e.g. on a daily, weekly or monthly basis 
if not contractually fixed 

• Raw material volumes are volatile depending on available supply and on 
the companies’ consumption rates in production, which can be stable 
but also dynamic, e.g. if higher production utilization requires more raw 
material 

• Production and distribution quantities can vary from a minimum utiliza-
tion to full capacity utilization 

• Sales prices can change frequently e.g. on a daily, weekly or monthly 
basis if not contractually fixed 

• Sales volumes vary driven by changing demand, but the company also 
has a certain flexibility to cut or push sales quantities compared to cus-
tomer demand, for example if customer demand exceeds available com-
pany supply. 

This overview is further detailed and structured in the following sub-
chapter, where the characteristics of a global commodity value chain as 
well as the model scope is defined. 
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3.2 Global Commodity Value Chain in the Chemical Industry 

A global commodity value chain can be characterized by a multiple set of 
attributes in a typology to formalize the planning problem. Purpose of this 
subchapter 

• is to provide a typology to formally describe a value chain network  
• to apply the typology to specify the scope of the work 

The defined scope determines the applicability of developed planning 
requirements and the planning model limited to the selected attributes. For 
example, the value chain for commodity production is focused on cam-
paign and continuous production modes; batch production is out of the 
scope that planning requirements and consequently, planning model are 
not developed for batch production problems. 

3.2.1 Global Value Chain Network Overview 

The global value chain network for commodities in the chemical industry 
is composed by locations, resources and transportation lanes as illustrated 
in fig. 39 

salesprocurement

production / 
secondary demand

production / 
secondary demand

transport sent & 
received quantities

= global procurement and sales location = global production location
= transfer point= transport lane = resource 

Region 1

Region 2

Region 3

Region 1

Region 2

Region 3

inventory

= group of distribution locations  

Fig. 39 Global value chain network structures 
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The value chain network consists of procurement, production, distribution 
and sales locations connected by transportation lanes. These locations be-
long to the global region they are located in. Transports between global re-
gions can take more than one month. The structuring of value chain net-
works into locations and lanes can be found in APS as well as case-
specific literature (Siprelle et al. 2003; Dickersbach 2004). 

Sales locations cluster one or multiple customers or marketplaces based 
on geographical or market segmentation criteria.  

Distribution locations are single or groups of storage facilities, ware-
houses, distribution centers or logical inventory management points e.g. 
for modal split between transportation means (container terminals, cross-
docking-stations, rail-truck-terminals, etc.). Transfer point (TP) as a char-
acteristic name for global distribution locations is chosen in order to in-
clude also distribution locations with modal split of different transportation 
modes. The transfer points are also a decoupling point between sales and 
production holding inventories (Lee, 2001, p. 195) according to the de-
fined distribution strategy and business rules e.g. make-to-stock (MTS), 
make-to-order (MTO), etc. 

A production location comprises one or multiple production plants 
where production resources are located. Production resources are single 
units or groups of production units aggregated to production lines or as-
sets. Having the structure of chemical commodity value chain network as a 
network of chemical production processes in mind presented in fig. 34 (Al-
Sharrah et al. 2001), production locations include respective resources and 
transportation lanes between production locations to model relations in 
chemical “Verbund” structures. 

Procurement locations, finally, comprise one or multiple suppliers or 
marketplaces, products are procured from.  

Transportation lanes represent the global highways to manage material 
flows between all locations in the network. 

The specific value chain network is characterized in the following based 
on a value chain typology. Several authors developed typologies and char-
acteristics to classify industrial value chains with focus on supply chain 
and production (Loos 1997; Delfmann/Albers 2000; Zeier 2002; 
Schaub/Zeier 2003, Meyr/Stadtler 2004). 

Existing typologies are extended towards a value chain typology also 
considering aspects of sales and procurement value characteristics. The ty-
pology classifies the value chain by overall network as illustrated in fig. 
40: 
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Fig. 40 Value chain typology 

The characteristics are introduced now in detail and used to define the 
problem scope. 

3.2.2 Network Characteristics 

The value chain network can be characterized by the criteria listed in table 
7. Attributes within work’s scope are underlined and explained in table 7. 

Table 7 Network characteristics 

Characteristics Attributes 
Geographical topography global, regional, local 
Legal position intercompany, intracompany 
Geographical configuration multinational, international, classic global, com-

plex global 
Spatial dispersion concentrated, host-market, specialized, vertical in-

tegration 
Value creation focus production, distribution 
Value creation steps single-step, multi-stage 
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The network’s geographical topography can be global, regional or local as 
already illustrated in fig. 30. A global network with global distribution lo-
cations in procurement, production, distribution and sales is considered 
leading to specifics like currency differences or long lead times between 
continents to name a few. 

The legal position in the network distinguishes between intercompany 
and intracompany networks. Intracompany networks combine value chain 
networks of multiple companies and focus on cross-company optimization. 
Delfmann/Albers propose supply chain perspective as alternative time 
(Delfmann/Albers 2000, p. 35) differentiating between focal company and 
bird’s eye as shown in fig. 41: 

“Focal company” “Bird’s eye”

intercompany perspective intracompany perspective
 

Fig. 41 Intercompany vs. intracompany perspective 

Here, the scope is on an intercompany value chain network for one focal 
company that can make central planning decisions for its own facilities and 
tries to optimize the internal global value chain network with clear inter-
faces to multiple customers and multiple suppliers. 

Delfmann and Albers (2000) discuss further specifics of global supply 
chain management and network characteristics. They review characteris-
tics such as geographical configuration and production spatial dispersion 
in global supply chains developed by Dicken (1998).  

The geographical configuration classifies global networks into four 
categories (Delfmann/Albers 2000, pp. 19-20) 

• multinational: a decentralized federation with many key assets and de-
centralized decisions 

• international: a coordinated federation with many decisions and respon-
sibilities decentralized but controlled by the central headquarter 

• classic global: centralized hub with centralized assets and decisions 
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• complex global: distributed network of specialized resources and capa-
bilities with a complex coordination and cooperation environment and 
decision making 

The considered scope is focused on the classic global with mainly cen-
tralized assets and decisions, since also considered production resources 
are treated as virtually global sources. 

Besides, the production spatial dispersion distinguishes four cases illus-
trated in fig. 42 (Dicken 1998 reviewed by Delfmann/Albers 2000, pp. 44-
45). 

(a)
Globally concentrated 

production

(b)
Host-market 
production

(c)
Product specialization for 

a global or regional market 

(d)
Transnational 

vertical integration

 

Fig. 42 Production unit spatial dispersion 

• Production at single location; all products are produced and exported to 
world market 

• Each production unit produces for its home regions all demanded prod-
ucts, no export to other regions 

• Each production unit in each region specialized only on one product to 
serve the world market and to reach economies of scale 

• Each production unit performs a separate operation in production and 
ships its output to a final assembly plant in another region or according 
to a chain like sequence. 
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In the considered case, each production is managed as a global source, 
Therefore, production is globally concentrated and there is lack of rela-
tionship between the production site and the region where it is located. 

The network’s value creation focus can lay on production and/or distri-
bution. Retailers and traders have pure distribution focus. Manufacturing 
companies create value in production and distribution, which is the scope 
in this case. 

Finally, the value chain network can have a single value-creation step or 
multiple value-creation steps in production and distribution where raw ma-
terials are processed through several production and distribution steps be-
fore being sold to the market. In the work, a multi-stage value chain net-
work is considered. 

3.2.3 Sales Characteristics 

First parts of the sales characteristics are listed in table 8, attributes in the 
scope are underlined. 

Table 8 Sales characteristics – part I 

Characteristics Attributes 
Product 
- type 
- life cycle 
- number 
- customization 
- perishability 

 
commodity, specialty 
short, middle, long 
low, medium, high 
standard, variants, customer-specific 
fast perishable, medium perishable, not perishable 

Market 
- constellation 
- price mechanism  

 
monopoly, oligopoly, polypoly 
exchange, auction, negotiation 

The product type can be commodity or specialty. Commodity products are 
considered with a defined standard quality, where price is the key buying 
criterion. The product life cycle for chemical commodities can be rela-
tively long meaning that the products are in the market partly for decades. 
Examples for short life cycle commodities on the other hand are semi-
conductors that are also mainly sold over price, but are shortly out-dated 
due to technology advances. The number of products is medium and does 
not reach the complexity of specialty product portfolios, where often more 
than 1,000 products need to be handled by a company. The product cus-
tomization is standardized with some variants with respect to product 
properties but not related to a specific customer. Product perishability is 
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not a constraint for most of chemical commodities different to specialties 
such as food additives or fresh food production requiring incorporating 
shelf live in planning and systems (Günther et al. 2005). 

The sales market constellation for these commodities is relatively ma-
ture leading to an oligopoly constellation with few customers and few sup-
pliers. Price mechanisms are bilateral negotiations between customers and 
suppliers; no formal exchanges or single-sided auctions are considered 
from the selling company perspective. The second part of the sales charac-
teristics is shown in table 9. 

Table 9 Sales characteristics – part II 

Characteristics Attributes 

Customer 
- number 
- type 
- relation 

 
single, few, many 
internal, external 
contract, spot 

Demand 
- certainty 
- volatility 
- elasticity 

 
forecasted, stochastic, unknown 
stable quantity, volatile quantity, stable price, volatile price 
inelastic (0), relatively inelastic (<1), unitary elastic (=1), rela-
tively elastic (>1) 

Sales 
- flexibility 
- service 

 
flexible quantity, fixed quantity, flexible price, fixed price 
standard, differentiating 

The customer number is few mainly smaller than 500 customers compared 
to mass business with often more than 1 million customers or consumers. 
Customer types are external and company-internal customers buying on 
basis of transfer price agreements that are delivered with priority. There-
fore, the customer relation is spot and contract-based with sales flexibility 
for a spot relation and fixed sales for contract relations. Customers can also 
have mixed spot and contract agreements depending on the product. 

With respect to demand certainty, demand is forecasted with bid charac-
ter and is not stochastic following for example a normal distribution pat-
tern, since demand is influenced by the price development. With respect to 
demand volatility, demand prices and quantities are not stable but monthly 
volatile. The total demand elasticity is smaller or equal to 1 with respect to 
average prices. That means that average prices for total demand can 
change, if more or less sales quantity is sold in the market. 

Consequently, sales flexibility exists with respect to total sales quantities 
and average prices for spot sales, while contract sales quantities and prices 
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are fixed. Sales-related services such as technical services − e.g. applica-
tion or product introduction support − or commercial services − e.g. sales 
force support or customer service support − or logistics services − e.g. de-
livery services − or product-related services − e.g. brochures or product in-
formation − can be standard and/or differentiating. Standards means that 
service level meet the market standards and customer expectations that 
sales-related services have no additional influence on the customer deci-
sion and/or prices. Differentiating means that sales-related services pro-
vided with the product are influencing the buying decision and/or prices 
e.g. services are charged separately. In this work, sales-related services are 
considered as standard having no influence on sales volumes or prices. 

3.2.4 Distribution Characteristics 

Distribution characteristics are related to inventory and transportation and 
are listed and underlined in table 10. 

Table 10 Distribution characteristics 

Characteristics Attributes 
Inventory 
- sourcing 
- stages 

 
single-sourcing, multi-sourcing 
single-stage, multi-stage 

Transportation 
- routes 
- modes 
- lead times 

 
standard routes, variable routes 
single, multiple dedicated, multiple alternatively 
single-period, multi-period 

Inventory sources in the global value chain network are multiple and it can 
be supplied from multiple distribution locations. Also, single-sourcing 
constellation exists. With respect to inventory stages, the global network 
includes multi-stage distribution locations resulting in multi-echelon in-
ventory planning problems for example in the origin region and again in 
the destination region. The special case of single-stage inventory holding 
does also apply. 

Transportation routes are standard routes predefined in the value chain 
strategy. Transportation modes are related to the means of transportation 
such as truck, rail, ship or air freight. Transportation mode can be single 
dedicated, meaning only one transport mode such as standard truck is used 
for the entire value chain network. Alternatively, multiple transportation 
modes are used e.g. standard truck, dangerous good truck, rail, ship or air 
freight either dedicated or alternatively by transportation lane and/or prod-
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uct. Dedicated means that each transportation lane has a dedicated trans-
portation mode. Alternatively, means that multiple transportation modes 
are used for the same transportation lane. In a global network, multiple 
transportation modes are used e.g. ships for transcontinental shipments and 
truck and/or rail for ground transportation. In this work, the mode is 
clearly dedicated by transportation lane. Transportation lead times are 
multi-period for transcontinental shipments and single-period for local or 
regional transportation. 

3.2.5 Production Characteristics 

Production characteristics are related to resources, processes and products 
as shown in table 11 (see also Schaub/Zeier 2003). 

Table 11 Production characteristics 

Characteristics Attributes 
Resource 
- purpose 
- mode 
- throughput 

 
single-purpose, multi-purpose 
continuous, campaign, batch 
variable, static 

Process 
- method 
- factors 
- change-overs 

 
synthetic, analytic, regrouping, process 
labor, assets, material, energy 
flying, process, stop 

Output products 
- number 
- factors 

 
single, few, many 
static, variable 

Input products 
- number 
- factors 

 
single, few, many 
static, variable 

Production resource purposes and modes are single-purpose continuous 
production and multi-purpose campaign production resources, where mul-
tiple processes run on the same resource. Production throughputs in both 
cases are variable. 

Process methods are process-based. Production factors and intensive in 
asset, material and energy. Change-overs between processes are either fly-
ing during the process by a simple change of additives to the process or 
based on a change-over process leading from one finished product cam-
paign to the next campaign producing off-spec products out of required 
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quality specifications. A complete stop of the resource is not required for a 
change-over between campaigns. 

Output products can be one or multiple. Output factors are mainly 
static; some cases exist where output share relations of output products are 
variable meaning that the relation between multiple output products pro-
duced in the same process can be varied within certain boundaries. 

Input products are single to few and factors are mainly stable. Input fac-
tors are reflected in the recipe. Recipe in the chemical industry is a syno-
nym for the bill-of-material in discrete parts manufacturing and includes 
all input products with their respective input fraction required to produce 
one unit of one or several output products in a production process. In 
chemical production, the degree of raw material consumption rates and 
hence the recipe factors can depend on the processing mode of the equip-
ment, which can be employed at different utilization or throughput levels. 
In this case, the recipe is not composed of static input factors but of recipe 
functions, which express the relationship between the input consumption 
and the process quantity produced. 

3.2.6 Procurement Characteristics 

Procurement characteristics structure is a mirror of the sales characteristics 
except the sales-related services provided to customers (s. table 12). 

Table 12 Procurement characteristics 

Characteristics Attributes 
Product 
- type 
- life cycle 
- number 
- customization 
- perishability 

 
commodity, specialty 
short, middle, long 
low, medium, high 
standard, variants, customer-specific 
fast perishable, medium perishable, not perishable 

Market 
- constellation 
- price mechanism 

 
monopoly, oligopoly, polypoly 
exchange, auction, negotiation 
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Table 12 (continued) Procurement characteristics 

Characteristics Attributes 

Supplier 
- structure 
- type 
- relation 

 
single, few, many 
internal, external 
contract, spot 

Offer 
- certainty 
- volatility 
- elasticity 

 
forecasted, stochastic, unknown 
stable quantity, volatile quantity, stable price, volatile price 
inelastic (0), relatively inelastic (<1), unitary elastic (=1), 
relatively elastic (>1) 

Procurement 
- flexibility 

 
Flexible quantity, fixed quantity, flexible price, fixed price 

Procured products are also commodities with a long life cycle; the number 
of products is relatively small compared to the number of finished prod-
ucts. Customization is limited to standard raw materials. Raw materials 
considered are not perishable. 

Market constellation is also an oligopoly with few suppliers and few 
buyers. Price mechanisms considered are also bilateral negotiations. 

With respect to supplier structure and type, few suppliers are used and 
suppliers are internal and external; business relations with suppliers are 
spot and contract. 

With respect to offer certainty and volatility, the offer is forecasted and 
volatile by quantity and price. With respect to elasticity, the offer is inelas-
tic meaning that the price does not change if the company’s procurement 
quantity differs from the offer quantity. 

Procurement flexibility exists for spot quantities, while contract quanti-
ties are fixed. Prices are fixed in both cases. 

3.3 Conclusions 

Relevant characteristics of the chemical industry and the considered global 
value chain network have been presented in more detail. Results can be 
summarized: 

• The chemical industry has a significant importance with respect to vol-
umes and economic values. Value chain planning methods applied on 
this basis can have significant influence and lead to respective im-
provements. 
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• The globalization is a key trend in the chemical industry especially be-
tween traditional industry markets in Europe and NAFTA and emerging 
markets in Asia. Planning and managing these flows is a further area, 
where value chain planning can provide significant decision support to 
overall volume and value optimization. 

• Price and quantity volatility of commodities in procurement and sales 
require integrated volume and value decisions to ensure profitability. 

• Planning the considered global value chain network has to address 
equally specifics in sales, distribution, production and procurement to 
reach a global optimum. A typology extending so far supply-focused ty-
pologies by procurement and sales characteristics has been presented as 
a holistic basis for the value chain planning problem. 

 



 

 

4 Value Chain Planning Requirements and  
 State of the Art Analysis 

Planning requirements for the specified value chain are elaborated in this 
chapter based on the value chain management framework established in 
chapter 2. Planning requirements are gathered from industry cases, re-
search literature analysis and practice studies. A state of the art analysis of 
recent literature is conducted for these requirements in order to present re-
cent concepts and applicable ideas and to specify research gaps. Require-
ments collection and coverage by state of the art literature is summarized 
at the end of the chapter also as input for the model development in the 
subsequent chapter.

4.1 Value Chain Planning Requirements 

Value chain planning requirements are structured along the value chain 
and value chain planning framework. Requirements are presented in re-
quirements packages and numbered from R1 to R13 across the value chain 
areas. 

4.1.1 Requirements Gathering Overview 

Requirements are structured into the areas planning process, value plan-
ning, sales planning, distribution planning, production planning and pro-
curement planning according to the value chain planning framework: 

• Planning Process: detailing the global value chain planning process re-
quirements incl. interaction between regional and global level 

• Value Planning: detailing the requirements to plan monthly values con-
sistent to the company profit and loss statement 

• Sales Planning: detailing the requirements to plan monthly sales vol-
umes and values addressing commodity business characteristics of 
price-quantity relations and price volatility as well as uncertainty  
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• Distribution Planning: detailing the requirements for planning transpor-
tation and inventory volumes and values addressing the aspect of a 
global value chain 

• Production Planning: detailing the planning requirements for a chemical 
commodity production with continuous and multi-purpose resources  

• Procurement Planning: detailing the planning requirements for pro-
curement of raw materials and products for a commodity business by 
volume and values 

4.1.2 Planning Process Requirements 

Planning a global value chain on a monthly basis is based on the value 
chain planning framework introduced in chapter 2 and shown again as an 
excerpt in fig. 43 
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Fig. 43 Framework for value chain planning  

Value chain planning is based on the business design and rules defined in 
the value chain strategy. Value chain planning sets the stable volume and 
value framework for value chain operations. Conceptually, value chain 
planning covers all areas in the value chain from sales to procurement in-
terfacing with customer and supplier markets. However, a global value 
chain requires a dedicated process specifying the process steps as well as 
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the interaction between decentralized regional planning and centralized 
global planning as shown in the following in requirement R1. 

R1 - Global monthly value chain planning process: The global value 
chain planning process requirements are gathered from industry practice 
addressing the fact that global chemical companies operate in global re-
gions such as NAFTA, EMEA and Asia and have to increasingly manage 
global business and volume and value flows within and between these 
global regions. 

The planning process defines, when and in which sequence planning ac-
tivities are conducted in the organization. Since a global planning problem 
across several regions like the EU, NAFTA or Asia is considered, the 
planning process has to define, which activities are done on global and 
which on regional level. The balance between market proximity and cus-
tomer or supplier know-how as well as contact within the region has to be 
balanced with the objective of finding a global optimum across all regions.  
A global value chain planning process should distinguish between the re-
gional and the global level and the different elements in the value chain as 
illustrated in fig. 44 
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Fig. 44 Global value chain planning process 

The rolling planning process starts with a first phase ( ) typically in the 
first half of the period. The regions update the regional demand forecast by 
price and quantity that is aggregated to a global demand. In analogy, offers 
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for procured products can be forecasted on the regional level with price 
and quantity depending on the numbers of procured products. In case of 
few strategic raw materials, offers are gathered and updated directly on a 
global level. Demand and offer data can be generated based on contract 
negotiation or formal collaborative planning processes together with cus-
tomers and suppliers, respectively, or anticipated internally inside the pro-
curement and sales organization based on market intelligence. In parallel, 
regional production and distribution data are updated inside the organiza-
tion. Production data comprise capacity, shut-down or current resource al-
location information. Distribution data comprise actual inventory, trans-
portation quantity and transit inventory information. The due date for the 
first phase depends mainly on availability of market price information for 
products and raw materials that influence demand and offer prices and 
quantities between company and customers. 

The global plan is created in the second phase ( ) of the planning proc-
ess typically in the third quarter of the month. The sales, distribution, pro-
duction and procurement plans are integrated by volume and value on 
global level. Optionally, alternative planning scenarios are prepared to-
gether with the basis plan. One global planning meeting has to decide open 
issues in the plan related for example to profitability, utilization or short-
age situations. Key for planning a global network is of course to consider 
global demand, coordinate distribution & sales to global markets and man-
age inventories (Jackson/Grossmann 2003, p. 3046) 

The finalized plan is then communicated to regional organizations in 
sales, production and supply chain management during the third phase ( ) 
in the fourth quarter of the period. Regional organizations create a regional 
sales plan and optionally a regional procurement plan, distributing global 
volumes and values on a detailed regional level. Global and regional plans 
serve as stable framework for order scheduling in value chain operations. 
The planned volumes and values have to be matched by orders within the 
respective period. 

Value chain planning models should support the described planning 
process by 

• having the right level of aggregation for planning on regional and global 
level 

• integration all volume and value decisions on global level from sales 
and procurement in a simultaneous step 

• generating volume and value results realizable on regional level and in 
value chain operations as stable framework 
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4.1.3 Value Planning Requirements 

Value chain planning differs from supply chain planning by simultane-
ously planning future volume and values across the value chain on a tacti-
cal level. Value planning in this context refers to plan future values – turn-
over, costs and profits - consistent to company’s profit and loss statement. 
So far, value and volume planning are often separated disciplines as shown 
in chapter 2: Controlling focuses on values for budget planning and EBIT 
forecasting to contribute to corporate reporting processes, while supply-
oriented functions focus primarily on volumes and secondly, on costs 
while demand-oriented functions focus on sales volumes and turnover. 
Value planning now requires a cooperation of all functions on a tactical 
level to optimize profits future-oriented based on planned volumes and 
values as described in R2. Besides this includes also a future-oriented 
planning of working capital such as inventory values mainly influenced by 
tactical value chain planning illustrated in R3. 

R2 - Profit planning according to profit & loss statement: The value 
planning requirements are derived from standard concepts to manage val-
ues as presented in subchapter 2.2. The purpose is to plan values consistent 
to standard profit and loss statements. This requires matching actual cost 
and price parameters with planned volumes across the value chain. Given 
the global value chain processes described previously, value planning in-
tends to plan global profits according to the profit & loss statement on a 
tactical level for 6 to 12 months. The value plan has to match with compa-
nies’ profit & loss statement categories sales/revenue, gross profit, earn-
ings before interest and tax (EBIT) and earning before tax (EBT) as illus-
trated in the waterfall chart in fig. 45, also called pocket margin waterfall 
by some authors (Marn/Rosiello 1992). Value categories in the value chain 
have to be matched with the respective categories in the P&L structure. 
Purpose is to plan and optimize the impact of prices and costs on overall 
profitability. In particular, only costs measurable in the company’s finan-
cial books are applied; no penalty costs are used as found in theoretical op-
timization models and implemented in standard APS systems but actual 
costs to reach comparability of value results with company’s P&L as 
shown in fig. 45. 
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Fig. 45 Value planning consistent with profit and loss statement 

In this work, value parameters matched with P&L structures should be fo-
cused on the key cost and turnover blocks in the value chain excluding 
administrative and support costs or also financial results. Therefore, the in-
tention of value planning is not to replace accurate profit and loss reporting 
but to focus on the key value parameters in the value chain influencing the 
company profitability: 

• Net turnover composed of the product of net prices and net sales volume 
having customer rebates already deducted 

• Cost of sales covering all key variable costs in the value chain such as 
variable sales costs for export financial and insurances services applied 
as percentage on turnover, variable transportation and warehousing 
costs driven by logistic quantity, variable change-over costs occurring 
for production change-overs e.g. exceptional machinery cleaning not 
covered by production shifts already included in production fixed costs, 
variable production costs e.g. for energy or other auxiliary materials de-
pending on production quantity and mainly procurement costs for prod-
ucts and raw materials purchased often accounting for more than 60% of 
turnover depending on the value-add level 

• Profit I is the approximation of the contribution margin I, which is sub-
ject to analysis to evaluate short-term profitability 

• Production fixed costs account for e.g. depreciation of assets as well as 
fixed costs for shift personnel; of course companies have more fixed 
costs specifically in administration and overhead, which are out-of-
scope here but could be integrated in a further extension of the value 



4.1 Value Chain Planning Requirements      99 

 

chain management idea including also support functions; basically, 
fixed costs are not decision-relevant in tactical value chain planning but 
are included in order to get transparency also on the long-term profit-
ability of the entire value chain network; it is characteristic that produc-
tion fixed costs are not allocated to products with a unit cost rate that is 
dependent on production quantities but are treated as a resource-related 
cost block 

• Profit II is then the equivalent of the contribution margin II used to 
evaluate long-term profitability 

• Important elements in company’s value chain planning is the manage-
ment of working capital and the consideration of opportunity capital 
costs as well as influencing key value indicators such as Return on Capi-
tal Employed (ROCE) as introduced in section 2.2.1; inventory values 
are besides accounts receivables the key position in company’s working 
capital; planning and optimization the future inventory value is an im-
portant task in value chain planning specifically if the inventory value 
depends on volatile raw material prices. Capital costs considered are 
opportunity costs of invesing capital in inventory instead of investing in 
an alternative investment with a defined interest rate. Accounts receiv-
ables could be also included in the value chain planning model, since 
customer payment terms that are often country-specific can be applied 
on planned sales; this would be a further extension of the value chain 
planning philosophy, but excluded here in this scope 

• Profit III tries to match the EBT level not considering taxes; on a tacti-
cal value chain planning level, taxes are not decision-relevant; for a 
global value chain strategy and network design decisions, taxes are of 
course an important parameter to consider when deciding on sites and 
locations in the value chain network 

A global value plan has to be calculated on the basis of the corporate 
base currency requiring all values measured in other currencies to be trans-
formed into the basis currency applying exchange rate plans (Delf-
mann/Alberts 2000) and also applying interest rates to discount period 
cash flows to a net present value of the tactical value plan (see also Eppen 
et al. 1989, p. 520 for an example in the automotive industry).  

Now, future inventory value planning as a specific chemical commodity 
value planning requirement reflecting the volatility of working capital and 
capital costs influenced by volatile raw material prices is described. 

R3 - Future inventory value planning: inventory values are a crucial as-
pect in value planning: on the one hand, inventory value leads to capital 
costs for the company. On the other hand, inventory value is capital em-
ployed influencing key value management indicators such as return on 
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capital employed (ROCE). The same profit with higher inventories leads to 
a lower interest rate for shareholders. Commodity inventory value is 
mainly influenced by the volatile costs of raw materials included. The in-
ventory value increases if raw material prices increase. The raw material 
price plan determines the planning of future inventory values and capital 
costs considering recipes, production costs and location mapping through-
out the value chain. Hence, future inventory planning has to ensure, that 
inventory values in the value chain plan are not based on past evaluations 
but on future raw material price forecasts. 

4.1.4 Sales Planning Requirements 

Sales planning has to reflect the bidding process presented in subchapter 
2.3. Fig. 20 illustrates the paradigm shift from demand fulfilment towards 
sales plan achievement, where demand forecast captures the role of a 
price-quantity bid that is cleared based on available supply and a certain 
sales flexibility. The sales planning mechanism is further described in the 
following detailed requirements. 

R4 - Contract and spot sales quantity planning: demand is not mono-
lithic to be fulfilled in this mechanism, but differentiated in contract and 
spot. Contract demand is based on negotiated agreements between com-
pany and customer, where sales quantities and prices are fixed for a de-
fined period, e.g. applying the ECP contract mechanism. Contract demand 
quantities and prices are fulfilled as forecasted. Spot demand is also fore-
casted by quantity and price. The spot price can be bilaterally negotiated, 
requested directly by the customer or set by the company with the cus-
tomer then reacting with a demand quantity bid. In all cases, prices are ne-
gotiated bilaterally between company and customer. Competitor behavior 
has influence on overall market prices and available supply; however, in 
bilateral negotiations between the company and its customers, this busi-
ness relationship is confidential and not transparent to competitors to for-
mulate reactions. Therefore, considering competitor behavior is not a value 
chain planning requirement in this scope. Besides, double auctions as pric-
ing mechanism applied in exchanges with multiple buyers and customers 
submitting offer and ask bids cleared in one market price are not consid-
ered in this context. Fig. 46 illustrates the principle of fixed contracts and 
flexible spot demand and sales. 
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Fig. 46 Principle of contract and spot demand and sales 

Spot sales quantity is flexible and can be lower or higher than the demand 
quantities for various reasons as shown in fig. 46. Primarily, spot sales are 
lower than the demand quantity, if spot demand quantity exceeds available 
supply and the company has to make volume quotation decisions. Sec-
ondly, spot sales are reduced if spot demand prices are too low compared 
to raw material costs forcing the company to make a loss when supplying 
the customer. Hence, the spot demand has bid character as in single-sided 
auctions competing for limited supply, where the bid is supplied depending 
on supply and profit situation and of course on customer relation or strate-
gic considerations of the company. Hence, buyers and sellers are not 
forced to stick to volumes. Spot sales opportunities are flexible specifically 
for months 2-12, where customers get early notice that they won't be sup-
plied at a respective price level in the coming months. It is also important 
to mention that different customers pay different prices for the same prod-
uct (see also Dolan 1995). This is a key difference to past approaches 
found in research and practice. For example Jänicke (2001) presented a 
chemical multi-purpose planning problem that was not feasible using op-
timization since demand exceeded supply and not the entire forecast could 
be fulfilled. Demand not supplied was penalized and sometimes a backlog 
of demand still not supplied has been tracked. Here, the mechanism is 
more oriented at financial markets, where insufficient ask bids to buy 
company stocks do not lead to a transaction, if they are too low compared 
to other market participants. 
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Therefore, sales planning will always have a flexible spot part, where 
demand can exceed supply and a certain demand share facing the risk not 
to be supplied based on the flexibility the supplier has. 

Summarizing, demand is not a given input quantity to be fulfilled in the 
traditional supply chain management sense but is defined more differenti-
ated as a mix of fixed contract demand to be supplied and spot demand 
providing company a degree of freedom in making active sales target deci-
sions. 

R5 - Spot price planning based on price-quantity functions: spot sales 
decisions have inherent price effects as shown in fig. 46, where higher av-
erage prices can be achieved when cutting spot sales quantities or lower 
average prices are required when pushing additional quantities into the 
market. Again, a monopolistic market situation is not assumed, where the 
company can influence or dominate market prices. Additionally, we are 
not considering transparent exchange markets e.g. for energy and crude-oil 
where market price-quantity relations can be observed and analyzed (Con-
sidine 2001). In our case, the “price” is a result of the spot sales quantity 
decision made by the company. Since the price is an average price across 
several customer demands grouped in one sales location, it is logical that 
the average price increases, when sales quantities are lower than the de-
mand quantity. In this case, it is assumed that customers with lower prices 
are cut first. Hence, the average price across the remaining customers in-
creases. 

R6 - Price uncertainty consideration in planning: Spot demand quantity 
and prices are uncertain in commodity business specifically in the consid-
ered planning horizon of 3-12 months. Since price is the main buying crite-
rion in commodity business, mid-term demand quantity is mainly influ-
enced by the price level. If spot demand quantity and prices depend on 
each other, uncertainty can be limited to one parameter while the other pa-
rameter is kept constant. The spot demand price is considered as uncertain 
in this problem leading to different turnover scenarios for the same sales 
quantity. Lababidi et al. (2004) presenting a petrochemical case that had to 
consider uncertainty in market prices and raw material costs in supply 
chain optimization. 

4.1.5 Distribution Planning Requirements 

Distribution planning covers transportation and inventory planning in the 
global value chain network from a company perspective. Distribution 
planning has to balance volumes and flows in and between the respective 
sales, production, distribution and procurement locations. Significant lead 



4.1 Value Chain Planning Requirements      103 

 

times between global regions are a specific planning problem in global dis-
tribution including not only transportation costs but also capital employed 
in transit inventories on the ship with significant lead times. Besides, local 
inventory counting for additional capital employed has to be managed en-
suring defined delivery capability in the transfer points. Planning problems 
related to global distribution from a carrier or port perspective such as con-
tainer flow optimization (Willems et al. 2002) or container terminal opti-
mization (Grunow et al. 2004) are not in the scope. 

R7 - Global material flow planning: Global material flows between all 
location types have to be planned on a monthly level including material 
balances in production, procurement and sales as well as inventory bal-
ances in distribution locations considering lower and upper volume limits 
on the lanes and in the distribution locations as well as respective costs 
(Jang et al. 2002). Material flows have to be planned on transportation 
lanes connecting the locations. Global material flow planning also has to 
cover a multi-stage value chain with several production and distribution 
steps including the material flow planning of consumed raw materials as 
well as produced finished and intermediated products (see for example 
Schuster et al. 2000, pp. 172 for a case study from process industry). 

R8 - Multi-period transport and transit inventory planning: in a global 
distribution network, long lead times are a key challenge in cross-regional 
material flows (Bogataj/Bogataj 2004). Unlike lead times in production to 
be scheduled on a detailed operative level to match order dates (Spitter et 
al. 2005), global transportation lead times require a dedicated planning 
also on a tactical monthly level. In global ocean-based transport networks, 
transportation costs can be as high as 20% of the purchasing costs (Jet-
lund/Karimi 2004). Transportation quantities have to consider the multi-
period transportation time on transcontinental transportation lanes. Long 
transportation time leads to time gaps between sent and received transpor-
tation quantities and to significant transit inventories as illustrated in fig. 
47 in a simplified example. 
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Fig. 47 Principle of multi-period transportation and transit inventories 

Transit inventories cause additional capital costs in addition to the station-
ary inventories in warehouse locations that need to be considered in value 
chain planning. 

R9 - Static and dynamic inventory planning: Inventory quantities are 
planned in distribution locations statically or dynamically applying inven-
tory management rules defined by the value chain strategy. Inventory has 
to be managed for each product and distribution location or transfer point 
in the value chain network. The goal conflict between inventory holding 
costs and capital employed and to ensure delivery capability has to be 
solved not only for finished product but also for raw materials procured as 
shown in an example for coal imports (Shih, 1997). Static inventory plan-
ning is based on static quantity boundaries as illustrated in fig. 48. 



4.1 Value Chain Planning Requirements      105 

 

Static
(default)

Dynamic 
(optional)

Minimum 
bandwith
inventory

Physical 
maximum 
inventory

Maximum
bandwith 
inventory

800 t

500 t

200 t

800 t

based on inventory 
ranges applied on 

distribution demand
e.g. 10 days

Exceptional maximum
month-specific, 

e.g. for shut-downs

Default 
maximum

inventory quantity

 

Fig. 48 Principle of static and dynamic inventory planning 

The inventory management boundaries taken into account that inventory is 
not a constant parameter but change continuously over time due to the 
asynchronous pattern of demand – e.g. customer orders, own consumption 
or transfers between warehouses - and supply – e.g. arrival of supplier de-
liveries or end of production campaigns. Therefore, inventory management 
on a tactical monthly level has to account for a certain bandwidth, the 
monthly ending inventory falls into. The minimum and maximum band-
widths are determined in the value chain strategy taking into account dif-
ferent inventory drivers for example line fill and heels inventory, safety 
stock, cycle inventory, planning error inventory, quality and offspec inven-
tory to name a few. 

Additionally, the physical maximum inventory determined by physical 
storage capacity should be applied in exceptional months specifically for 
the first planning month if actual inventories to be considered in the plan 
are higher than the maximum bandwidth inventory. Minimum and maxi-
mum inventory boundaries are regular components in standard supply 
chain planning models (see for example Chen et al. 2003, p. 1881). 

Dynamic inventory management applies inventory ranges measured in 
days dynamically on the total distribution demand for a distribution loca-
tion (Alicke 2003, pp. 72-74). Inventory ranges ensure that inventory 
boundaries follow the planned business. This is a critical requirement es-
pecially for new product launches during the planning horizon or in case of 
strong future sales growths in a certain region, where inventories have to 
be built up to support the sales targets. 
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4.1.6 Production Planning Requirements 

Production planning is a key part in planning since it impacts utilization of 
capital-intensive assets and the overall offered supply. Production planning 
requirements are comprehensive addressing two key tasks for planning 
commodity production 

• Determine production quantity and time 
• Determine campaign sequence and change-overs of campaigns 

Typically, production master planning on a tactical level is limited to 
determine quantities only. However, production campaign sequence can 
influence significantly production quantity, if change-overs require signifi-
cant time and reducing the available capacity. This can be the case for the 
long-running commodity production campaigns on multi-purpose re-
sources with change-over time up to several days. In this case, production 
planning also has to consider campaign sequences and change-overs to de-
termine a feasible production quantity. Production planning requirements 
are initially related to production quantity determination and will then be 
detailed for change-over planning. 

R10 - Variable production processes, input and output planning: Pro-
duction processes have variable run times and throughputs as well as mul-
tiple input and output products as illustrated in fig. 49. 
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Fig. 49 Variable production processes, input and output 

Production planning has to determine run time and throughputs of produc-
tion processes in order to derive input and output quantities for related in-
put and output products (see also Franke 2005). Production processes can 
run between a minimum and maximum utilization (Sürie 2005b, p. 213). 
Production processes apply for continuous single purpose assets as well as 
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campaign multi-purpose processes to produce finished but also intermedi-
ate products (see also Berning et al. 2004, p. 914). In addition, production 
planning has to consider for planned maintenance idle time to be bridged 
with inventory or supplied by alternative production plants or suppliers 
(Pistikopoulos et al. 2001). 

The raw material in production is not constant but variable depending 
on the throughput. In this case, the raw material recipe is not a constant 
factor. Instead recipe functions have to be used expressing the relation be-
tween input quantity of raw material and output quantity produced. Exam-
ples for recipe functions from industry practice are shown in the fig. 50. 

Line 1
Line 2
Line 3

Line 1
Line 2
Line 3

Input quantity per unit 
process quantity

Process quantity
 

Fig. 50 Raw material recipe function principle 

This effect can be compared to the gas consumption of a car requiring 
more gas per 100 km being run at a higher average speed. Selective papers 
address the specifics of variable raw material consumption e.g. in the case 
of fuel consumption of container ships (Jetlund et al. 2004, p. 1271). 
Hence, the problem to balance raw material consumption and volatile raw 
material costs with sales quantities and prices has to be solved in value 
chain planning. 

R11 - Process throughput smoothing: Production processes with vari-
able throughput provide planning flexibility to run a resource between 
minimum and maximum throughput level (Franke 2005). However, these 
resources require certain throughput stability over time in order to ensure 
process stability and product quality. Process throughput smoothing should 
support the planner to limit dynamic throughput changes resource-specific 
within a planning period. Extreme throughput changes between minimum 
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and maximum throughputs in short time should be avoided, if chemical 
production processes are less flexible with respect to throughput changes. 

R12 - Campaign and change-over planning: Commodity production is 
based on continuous or campaign production mode. Campaigns are long-
running taking weeks or months. For multi-purpose production, campaign 
changes generally require a sequence-dependent change-over process with 
an offspec product produced (Franke 2005). This change-over process may 
take significant time and may lead to profit loss caused by the offspec 
product that can be sold only at a lower price to the market compared to 
the finished product as well as impacting the total amount of available ca-
pacity (Hill et al. 2000). This problem is similar to the lot sizing problem 
with sequence dependent setup costs (Fleischmann/Meyr 1997), however, 
it has to be ensured that minimum run times and change-over times do not 
lead to infeasibility in case of discrete planning periods as in the case in 
monthly planning (Koçlar/Süral 2005). Monthly production planning is of-
ten limited to quantities, while production scheduling considers change-
overs and campaign sequences. In the discussed cases, campaign sequence 
and change-overs have significant influence on volumes and values and 
have to be considered simultaneously in the monthly planning. 

4.1.7 Procurement Planning Requirements 

Procurement planning is the interface towards the supplier market. Pro-
curement planning has the same critical importance as sales planning in a 
commodity value chain, since companies’ profitability is mainly deter-
mined by the value-added between procurement costs and sales turnover as 
illustrated in chapter 1. The monthly planning of required procurement 
volumes and costs given volatile raw material offer prices is detailed in the 
following. Procurement planning requirements mirror sales planning re-
quirements now from a buyer perspective with focus on contract and spot 
differentiation in procurement planning. 

R13 - Contract and spot procurement planning: procurement planning 
has to be differentiated into spot and contract in analogy to contract and 
spot demand. Raw materials are procured either based on fixed contracts 
or on the spot market (see also Seifert et al. 2001). Spot and contract prices 
can differ as illustrated by an example of Reiner/Jammernegg (2005), pp. 
119 in the fig. 51. 
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spot price
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Fig. 51 Contract and spot procurement example 

In analogy to the demand side, procurement contracts are fixed by quantity 
and price with the objective to ensure a basis volume of raw materials. 
Spot procurement supports company’s flexibility requirements and the 
company can decide the spot procurement quantity with certain flexibility 
around the offered quantity. Price levels for contracts and spot business 
differ and are volatile in each period. Typically, companies operate with 
few key strategic suppliers for a respective product or raw material. There-
fore, price-quantity models like in sales planning are less applicable. More 
often is the case that specifically commodity-type raw materials are pro-
cured on many-to-many exchanges, which is out of the scope in our case 
as described in section 3.2.6. If products are supplied by internal business 
units, transfer prices are applied following the contract procurement prin-
ciples. 

4.2 Literature Review and State of the Art Analysis 

State of the art literature is analyzed to evaluate the coverage of value 
chain planning requirements in related models. The review helps to iden-



110     4 Value Chain Planning Requirements and State of the Art Analysis 

 

tify concepts presented in literature that can be used in a planning model as 
well as identify gaps in current models.  

4.2.1 State of the Art Analysis Overview 

Models in literature with relation to the scope of this work are reflected by 
the key words in the title planning, global, commodity and chemical indus-
try in the context to value chain management. Given the comprehensive 
scope of the value chain planning problem, literature analysis is grouped 
into these four groups: 

• [1] Planning-related: models related to general planning and value 
chain management focusing on tactical master planning, hierarchical 
planning, sales & operations planning and advanced planning of value 
chain and/or supply chain networks 

• [2] Global-related: models related to a global scope and value chain 
management and optimization problems addressing global requirements 

• [3] Commodity-related: models related to value chain management and 
the commodity-specific requirements such as demand and procurement 
uncertainty and volatility 

• [4] Chemicals-related: models related to value chain management and 
the chemical industry specific requirements 

In table 13, an overview of the four groups and related literature is 
shown: 

Table 13 Literature for the state of the art analysis 

Literature group Literature  Comment 
[1]  
Planning-related  

Alicke (2003) 
Fleischmann/Meyr (2003) 
Minner (2003) 
Fleischmann et al. (2004) 
Meyr (2004b) 
Rohde/Wagner (2004) 
Wagner (2004) 
Pibernick/Sucky (2005) 
Günther (2005) 
Genin (2005) 

Models focusing on over-
all tactical and integrated 
master planning and proc-
ess including APS, hierar-
chical planning, general 
demand and distribution 
planning models as well 
as practice-oriented 
S&OP processes 
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Table 13 (continued) Literature for the state of the art analysis 

Literature group Literature  Comment 
[2]  
Global-related 

Arntzen et al. (1995) 
Scharlacken/Harland (1997) 
Vidal/Goetschalckx (2001) 
Goetschalckx et al. (2002) 
Nagurney (2003) 
Chakravarty (2005) 
Kazaz et al. (2005) 

Models focusing on 
global network design and 
allocation problems as 
well as global production 
planning 

[3]  
Commodity-
related 

Seifert et al. (2001) 
Asche et al. (2003) 
Cheng et al. (2003) 
Gupta/Maranas (2003) 
Lababidi et al. (2004) 
Cheng et al. (2004) 
Chen/Lee (2004) 
Jammernegg/Paulitsch (2004) 
Reiner/Jammernegg (2005) 
Christopher/Gattorna (2005) 
Charnsirisakskul et al. (2006) 

Models focusing on vola-
tile and uncertainty in 
demand and procurement 
as characteristic for com-
modity business  

[4]  
Chemicals- 
related 

Loos (1997) 
Timpe/Kallrath (2000) 
Grunow (2001) 
Trautmann (2001) 
Berning et al. (2002) 
Kallrath (2002a) 
Kallrath (2003) 
Grunow et al. (2003a) 
Grunow et al. (2003b) 
Günther/van Beek (2003b) 
Berning et al. (2004) 
Levis/Papageorgiou (2004) 
Yang G. (2005) 

Models focusing on 
chemical industry-specific 
planning problems with 
focus on production plan-
ning and scheduling as 
well as distribution plan-
ning 

Requirements coverage in the respective section is discussed in the follow-
ing. 

4.2.2 Planning-related Literature 

Integrated planning models in the context of value chain planning can be 
found in the planning-related literature group under key words such as 
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master planning (Alicke 2003, Rohde/Wagner 2004; Pibernik/Sucky 
2005), demand planning (Meyr 2004b, Wagner 2004), distribution plan-
ning (Fleischmann et al. 2004) and inventory planning (Minner (2003) as 
well as advanced planning systems incl. supply network planning (Günther 
2005), hierarchical planning (Fleischmann/Meyr 2003) or aggregate pro-
duction planning (APP) (Wang/Liang 2004). Practice-oriented articles and 
studies present planning processes under the term sales & operations 
planning (S&OP) (Genin et al. 2005).  

Supply network planning (SNP) intends to minimize costs by planning 
transportation, inventory and production quantities for discrete planning 
periods t = 1,..,T with a given demand forecast. The supply network plan 
intends to calculate a feasible and cost-minimized supply plan on the tacti-
cal level for defined time buckets including procurement quantities, pro-
duction quantities, inventory quantities and transportation quantities to ful-
fil the demand. Supply network planning relies on inventory and material 
flow balances between the locations in the network. Günther (2005) de-
scribes an advanced planning process and the respective APS (Günther 
(2005), pp. 13) illustrated in fig. 52. 

Strategic network design

Transport planning /
vehicle scheduling

External procurement

Production planning /
detailed scheduling

Supply network planning

Demand planning

Order fulfillment
and ATP / CTP

 

Fig. 52 Typical planning cycle of APS 

The challenge in supply planning is that specifically the available produc-
tion quantities per month can depend on the schedule of the products on a 
specific resource if change-overs consume significant time so that the 
overall capacity error in the rough-cut master plan would not be accept-
able. Therefore, supply network planning includes also the aspect of hier-
archical planning, where production quantities based on a discrete monthly 
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time bucket are defined first at an aggregate product level and then disag-
gregated into a schedule for the production of specific product variants at 
individual resources e.g. equipment units.  

Critical problem and focus in supply network planning and also in the 
industry-practice sales & operations planning processes is the demand 
forecast and the respective forecast accuracy. A demand forecast exceed-
ing available supply can cause a shortage situation destabilizing the vol-
ume balances. Inaccurate demand forecasts in practice lead to higher sup-
ply costs than planned specifically into excess inventories. Therefore, 
demand planning methods intend to forecast future demand as good as 
possible also using historical data and statistical forecast methods (Wagner 
2004; Meyr 2004b). They do not address flexible spot demand and the op-
tion to not fully supply demand. 

Finally, distribution and transportation planning is reviewed for example 
by Alicke (2003), Minner (2003) or Fleischmann (2004) and addresses 
also the aspect of transit inventories. Specific inventory models focus on 
setting static inventory boundaries especially considering uncertainty in 
demand and supply (Krevera et al. 2005; Alicke 2003). They address the 
aspect to extend static inventory management towards dynamic inventory 
boundaries using inventory ranges. This approach, however, is not further 
detailed in a specific model. 

Evaluating Literature against Requirements 

Concluding, planning-related literature covers parts of the planning proc-
ess and provides model input for distribution and transportation planning. 
Specifically, they cover  

• the aggregation of volume plans in one master plan focused on produc-
tion and distribution based on given demand 

• hierarchical planning to combine production volume and production se-
quence planning 

• demand planning methods as well as distribution planning to calculate 
material balances and inventories 

• analogy to sales and operations planning processes in practice 

Specific areas with gaps considering formulated value chain planning 
requirements 

• Focus on supply volume planning to fulfil given demand, reach a feasi-
ble plan and minimize supply costs also using subjective penalties in-
stead of actual cost parameters from controlling; future-oriented profit-
maximization according to profit and loss statement and inventory value 
planning not covered so far 
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• Focus on demand forecasting and forecast accuracy rather than sales 
target achievement based on a differentiation of contract and spot sales 

• Global aspects such as global and regional planning, global lead times 
or exchange rates are less covered 

Concluding, planning-related literature so far addresses many require-
ments areas by covering formulated requirements partly (s. table 14). 

Table 14 Requirements coverage by planning-related literature 

Value Chain Planning Requirements Coverage 
R1: Global monthly value chain planning process  
R2: Profit planning according to profit & loss statement 
R3: Future inventory value planning 

 
 

R4: Contract and spot sales quantity planning 
R5: Spot price planning based on price-quantity functions 
R6: Price uncertainty consideration in planning 

 
 
 

R7: Global material flow planning 
R8: Multi-period transport and transit inventory planning 
R9: Static and dynamic inventory planning 

 
 
 

R10: Variable production processes, input and output planning 
R11: Process throughput smoothing 
R12: Campaign and change-over planning 

 
 
 

R13: Contract and spot procurement planning  

Legend: Evaluation: from 5 = fully covered to 1 = not covered 

Planning-related models, however, are not specific enough to cover global, 
chemical-industry and commodity-related aspects of the value chain plan-
ning problem. Specifically, future inventory value planning, price-quantity 
functions and uncertainty as well as process throughput smoothing are 
specific requirements not covered in planning-related literature focusing 
on master planning and supply network planning.  

4.2.3 Global-related Literature 

Models with a global focus can be found mainly for strategic network de-
sign problems, where location decisions in a global company network need 
to be optimized (Arntzen et al. 1995; Vidal/Goetschalckx 2001; Goet-
schalckx et al. 2002). These models consider exchange rate, import tariffs 
and tax rate differences as global specifics in network design decisions. 
Recent papers develop also global planning models on a more tactical level 
(Chakravarty 2005; Kazaz et al. 2005). Some authors address the aspect of 
global transportation planning and the impact of lead times (Tyworth/Zeng 
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1998; Bogataj/Bogataj 2004; Ham et al. 2005 and Zhang 2005). Schar-
lacken/Harland (1997) proposes in additional a global planning process. 

Hwarng et al. (2005) point out on the one hand the importance of con-
solidating distribution points in complex supply chains and analyze on the 
other hand the impact of simplifying demand and lead time assumptions. 
They argue to simulate the complicated interactions in a supply chain 

Chakravarty (2005) develops a global optimization model for global 
network design decisions incorporating sales quantity and price decisions. 
The author uses demand curves, where demand quantity is a function of 
price and turnover is decided using quadratic optimization. The value 
scope of the model is profit optimization incorporating variable sales 
prices and quantities as supply quantities and costs. It is similar to the con-
sidered problem more on a network design-level rather than on a monthly 
planning level for a chemical industry value chain. In addition, the as-
sumption of a monopolistic market constellation, with the company able to 
influence demand by price setting reflected in the demand curves is not 
valid in this work. 

Evaluating Requirements Coverage  

Global models are focused mainly on global network design, transfer price 
and tax optimization on a more strategic level.  

• Models address the aspect of global and regional design in planning 
without addressing the monthly global value chain planning process on 
a tactical level 

• Global models target to support strategic invest decisions and conse-
quently follow also the requirements of value planning to have actual 
costs and turnover as decision basis as it is done in classical investment 
calculation including taxes 

• Global material flow and transport planning is also an integral part of 
global models not on a tactical level but addressing requirements of lead 
time gaps  
Specific areas with a lack of value chain integration 

• Global models since being more strategic oriented less addressing 
chemical supply chain specifics required for tactical production plan-
ning such as change-overs or recipes 

• Except of one example, prices in procurement and sales are given and 
not an active decision factor; purpose is to minimize costs for taxes and 
the network requiring profits and turnovers to calculate taxes  

Concluding, the areas mostly impacted by the global scope such as 
global material flow planning and multi-period transport and transit inven-
tory planning are covered best by global models (s. table 15). 
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Table 15 Requirements coverage by global-related literature 

Value Chain Planning Requirements Coverage 
R1: Global monthly value chain planning process  
R2: Profit planning according to profit & loss statement 
R3: Future inventory value planning 

 
 

R4: Contract and spot sales quantity planning 
R5: Spot price planning based on price-quantity functions 
R6: Price uncertainty consideration in planning 

 
 
 

R7: Global material flow planning 
R8: Multi-period transport and transit inventory planning 
R9: Static and dynamic inventory planning 

 
 
 

R10: Variable production processes, input and output planning 
R11: Process throughput smoothing 
R12: Campaign and change-over planning 

 
 
 

R13: Contract and spot procurement planning  

Legend: Evaluation: from 5 = fully covered to 1 = not covered 

Since global models are more focused on strategic network design prob-
lems than tactical planning, tactical aspects such as price planning and 
price uncertainty, inventory planning or chemical production-specific 
planning of campaigns and change-overs are not covered. 

4.2.4 Commodity-related Literature 

Commodity-related models focus on demand volatility and uncertainty in 
volumes and prices as with sales quantity flexibility. Several authors pro-
posed models to handle demand uncertainty in general focusing on quanti-
ties (Cheng et al. 2003; Gupta/Maranas 2003; Cheng et al. 2004; Chen/Lee 
2004). Uncertainty is reflected by demand quantity scenarios and/or prob-
abilities. Proposed models maximize expected or robust profit. Process in-
dustry-specific models use simulation to address demand uncertainty and 
to determine optimal inventory levels (Jung et al. 2004). 

Gupta/Maranas (2003) as one example for a demand uncertainty model 
present a demand and supply network planning model to minimize costs. 
Production decisions are made “here and now” and demand uncertainty is 
balanced with inventories independently incorporating penalties for safety 
stock and demand violations. Uncertain demand quantity is modeled as 
normally distributed random variables with mean and standard deviation. 
The philosophy to have one production plan separated from demand uncer-
tainty can be transferred to the considered problem. Penalty costs for un-
satisfied demand and normally distributed demand based on historical data 
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cannot be applied in this commodity case since spot demand is flexible and 
demand price uncertainty for chemical commodities does not mainly fol-
low historical patterns but principally depends on raw material and crude 
oil price developments in the future.  

As further example, Chen/Lee (2004) present a multi-company demand 
and supply network planning model to maximize profits with demand un-
certainty and pricing decisions. Demand uncertainty is modeled with quan-
tity scenarios and probabilities. A two-phase optimization strategy is de-
veloped to reach robust plans. Both approaches can be transferred to 
handling of price uncertainty and price scenarios. Pricing decisions, how-
ever, are modeled with fuzzy logic considering satisfaction levels of buyer 
and seller assuming collaboration and preference transparency between 
both parties. This assumption cannot be made in the spot sales commodity 
business considered. 

Lababidi et al. (2004) incorporate uncertainty and stochastic market 
prices and raw material costs for a petrochemical case. They modeled mar-
ket price and raw material price uncertainty as given and analyzed the ef-
fects on production utilization. They initially observed that prices can have 
significant influence on production plans and utilization.  

Evaluating Requirements Coverage by Commodity-related Literature 

Commodity-related models focus either on the demand or on the procure-
ment side addressing respective requirements: 

• Differentiating spot and contract business specifically in procurement; 
and integrating uncertainty and volatility using stochastic distribution 
functions and scenarios 

• Addressing opportunities for dynamic pricing e.g. in relation with in-
ventories 

• Addressing the objective of profit maximization instead of cost minimi-
zation 
Specific areas with a lack of value chain integration 

• Commodity-oriented models focus more on the market interfaces in 
sales and procurement and consider less complexity in the supply chain 
determining volumes and values in the value chain; integration with 
production planning and chemical-specifics often not modeled 

• Global aspects are less combined with commodity-characteristics  

Commodity-related models support requirements in sales and procure-
ment as shown in table 16. 
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Table 16 Requirements coverage by commodity-related literature 

Value Chain Planning Requirements Coverage 
R1: Global monthly value chain planning process  
R2: Profit planning according to profit & loss statement 
R3: Future inventory value planning 

 
 

R4: Contract and spot sales quantity planning 
R5: Spot price planning based on price-quantity functions 
R6: Price uncertainty consideration in planning 

 
 
 

R7: Global material flow planning 
R8: Multi-period transport and transit inventory planning 
R9: Static and dynamic inventory planning 

 
 
 

R10: Variable production processes, input and output planning 
R11: Process throughput smoothing 
R12: Campaign and change-over planning 

 
 
 

R13: Contract and spot procurement planning  
Legend: Evaluation: from 5 = fully covered to 1 = not covered 

4.2.5 Chemicals-related Literature 

Chemical-industry related literature addressing value chain management 
focuses on production and supply chain management as well as selectively 
procurement. Companies in the oil and chemical industries have been 
leaders for almost 50 years in the development and use of linear and mixed 
integer programming models to support decision-making at all levels of 
planning (Shapiro 2004). 

Several industry studies analyze the status, requirements and areas of 
supply chain management also considering the chemical industry (Chak-
ravarty 2005; Kazaz et al. 2005). Scientific research focuses on production 
(Günther/van Beek 2003b). Subjects to research are the production and lo-
gistics characteristics and planning requirements in the chemical industry 
(Loos 1997; Kallrath 2002a), detailed scheduling models especially for 
batch production (Blömer 1999; Neumann et al. 2000; Trautmann 2001; 
Neumann et al. 2002) and in some cases continuous production (Zhou et 
al. 2000) or hierarchical production planning (Hauth 1998) or multi-site 
production and supply network planning problems in complex company 
networks providing production integration planning methods 
(Timpe/Kallrath 2000; Berning et al. 2002; Kallrath 2003; Grunow et al. 
2003a; Grunow et al. 2003b; Berning et al. 2004; Levis/Papageorgiou 
2004; Yang 2005; Timpe/Kallrath 2000). A chemical industry-related pro-
duction and distribution planning model is presented by Grunow (2001). 
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Further research focuses on the shipment planning for crude oil (Nygreen 
et al. 2000; Cheng/Duran 2004; Persson/Göthe-Lundgren 2005). 

Integrated production and distribution network design and planning are 
addressed by Grunow (2001) and Timpe/Kallrath (2000). Production 
scheduling for batch and campaign production and integration of produc-
tion plans across plants considering sequence and production mode con-
straints are primary subjects of research. The specific aspect of variable 
raw material consumption by resources depending on throughput level has 
not been addressed until now. Timpe/Kallrath (2000) addresses the aspect 
of material losses in production in the raw material recipe. 

While production and distribution are intensively investigated due to the 
complexity and cost-importance of capital-intensive production assets in 
the chemical industry, procurement and demand management in the 
chemical industry value chain is less investigated. 

Procurement planning in general and spot and contract procurement 
planning in the chemical industry in particular are recently investigated by 
Stadtler (2004b), Marquez/Blanchar (2004), Seifert et al. (2004) and 
Reiner/Jammernegg (2005), who develop a risk-hedging model and com-
pare different procurement strategies including speculation inventories. 
Stadtler (2004b) presents general tasks of purchase planning integrated in 
overall supply chain management on the order level. Methods for BOM-
explosion and calculating secondary demand – the demand for products to 
be consumed in production - are discussed. Recent papers discuss pro-
curement strategies on spot and contract markets. Marquez/Blanchar 
(2004) present extended procurement strategies based on real options to 
optimize contract portfolios considering in-transit and warehouse invento-
ries. Seifert et al. (2004) underline the importance of spot procurement 
next to contract procurement and show the advantage of a fraction of de-
mand being based on spot market procurement. 

Demand-oriented models investigating demand and classical forecasting 
of demand quantities in the chemical industry can be found for example in 
practice-oriented industry cases (Franke 2004). 

Evaluating Requirements Coverage  

Chemicals-related literature with respect to value chain management has 
built up comprehensive knowledge and results in the area of production 
planning, scheduling and distribution as well as in procurement. Therefore, 
literature covers the following requirements 

• Production planning in the chemical industry with processes, variable 
utilization, comprehensive recipes and multiple input and output prod-
ucts has been in the focus of research in the last years; specifically op-
timization of production schedules and change-overs across resources 
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and sites have been intensively investigated specifically for batch pro-
duction; special aspects of commodity production such as throughput 
smoothing or variable recipes have been investigated less 

• Distribution planning including transports and inventories are also in-
vestigated in the context of production-distribution systems providing 
methods for material balances or inventory calculations 

• Contract and spot procurement planning confronted with volatile prices 
specifically in the area of petrochemicals 
Specific areas with less requirements coverage 

• Value planning and the integration of company’s profit and loss struc-
ture with supply chain management is not addressed; often artificial 
penalty costs are applied in models to steer results instead of actual cost 
parameters from controlling 

• The demand and procurement side is treated often as given and mono-
lithic; models do not analyze the integration of sales and procurement 
with production and distribution throughout the chain by volume and 
value 

• The global aspect so far is less addressed in chemical-industry related 
models. 

Concluding, chemical-related literature covers mainly parts of the dis-
tribution and production requirements. 

Table 17 Requirements coverage by chemical-related literature 

Value Chain Planning Requirements Coverage 
R1: Global monthly value chain planning process  
R2: Profit planning according to profit & loss statement 
R3: Future inventory value planning 

 
 

R4: Contract and spot sales quantity planning 
R5: Spot price planning based on price-quantity functions 
R6: Price uncertainty consideration in planning 

 
 
 

R7: Global material flow planning 
R8: Multi-period transport and transit inventory planning 
R9: Static and dynamic inventory planning 

 
 
 

R10: Variable production processes, input and output planning 
R11: Process throughput smoothing 
R12: Campaign and change-over planning 

 
 
 

R13: Contract and spot procurement planning  

Legend: Evaluation: from 5 = fully covered to 1 = not covered 

The results of the state of the art analysis are summarized in the following.
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4.3 Conclusions 

Considering the specific global value chain planning requirements for 
commodities in the chemical industry, related research on global models 
focuses on network design problems, research on chemical supply chain 
models focuses on production and distribution while commodity-oriented 
models accentuate demand and procurement aspects. So far, models pre-
sented in the academic literature focus either on demand or on supply as-
pects. A value chain planning model integrating sales and supply decisions 
by volume and value in a price-volatile chemical commodity business 
could not be found so far, although this planning problem is of high impor-
tance not only in the chemical commodity industry. The research gaps are 
illustrated in table 18. 

Table 18 Requirements coverage summary 

Value Chain Planning Requirements [1] [2] [3] [4] 
R1: Global monthly value chain planning process     
R2: Profit planning according to profit & loss statement 
R3: Future inventory value planning 

 
 

 
 

 
 

 
 

R4: Contract and spot sales quantity planning 
R5: Spot price planning based on price-quantity functions 
R6: Price uncertainty consideration in planning 

 
 
 

 
 
 

 
 
 

 
 
 

R7: Global material flow planning 
R8: Multi-period transport and transit inventory planning 
R9: Static and dynamic inventory planning 

 
 
 

 
 
 

 
 
 

 
 
 

R10: Variable production processes, input and output planning 
R11: Process throughput smoothing 
R12: Campaign and change-over planning 

 
 
 

 
 
 

 
 
 

 
 
 

R13: Contract and spot procurement planning     

Legend: [1]: Planning-related; [2]: Global-related; [3]: Commodity-related;  
[4]: Chemicals-related; Evaluation: from 5 = fully covered to 1 = not covered 

The coverage shows that models rather focus on specific requirements ar-
eas and functions in value chain planning. It turns out that some require-
ments such as future inventory planning and process throughput smoothing 
are less investigated than others. 

In the following an integrated global value chain planning model for 
chemical commodities supporting end-to-end value planning of volumes 
and values is developed to close the research gap. 



 

 

5 Global Value Chain Planning Model 

The global value chain planning model is developed based on the require-
ments formulated in chapter 4. This chapter is structured into a model 
overview providing structures and elements of the model and subsequently 
in the different parts model basis, value planning, sales planning, distribu-
tion planning, production planning and procurement planning. 

5.1 Model Overview and Structure 

The global value chain planning model is structured in parts mapping the 
value chain planning requirements structure as shown in fig. 53. 
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Fig. 53 Global value chain planning model-overview 
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Each model part − e.g. the sales planning part − is composed of single 
model elements such as objective functions, constraints or decision vari-
ables explained in the respective sections in mode detail. 

Planning requirements formulated in chapter 4 are covered by the re-
spective model parts shown in the model capability overview in table 19: 

Table 19 Model capabilities overview 

Model part Planning Requirements/Model Capabilities 
5.2 Planning basis Global monthly value chain planning process 
5.3 Value planning Profit planning consistent with profit & loss statement 

Future inventory value planning 
5.4 Sales planning Contract and spot sales planning 

Spot price planning based on price-quantity functions 
Price uncertainty consideration in planning 

5.5 Distribution planning Global material flow planning 
Multi-period transport and transit inventory planning 
Static and dynamic inventory planning 

5.6 Production planning Variable production processes, input and output plan-
ning 
Process throughput smoothing 
Campaign and change-over planning 

5.7 Procurement planning Spot and contract procurement planning 

All model parts share the same planning basis across the value chain ini-
tially described in subchapter 5.1 including the planning framework and 
basis planning objects as well as the basis indices for the planning prob-
lem. The planning basis translates the planning process requirements for-
mulated in subchapter 5.2 into a planning framework, planning objects and 
planning indices supporting the process. The planning framework trans-
lates the planning process requirements into basis planning structures such 
as planning buckets, horizon and granularity as well as aggregation. Plan-
ning objects and basis indices are the specific planning dimensions in the 
value chain plan e.g. by products and locations. Given the global scope of 
the planning problem, the appropriate aggregation level of planning ob-
jects is an important instrument to limit planning complexity. This is 
elaborated in 5.2.2. 

Value planning described in subchapter 5.3 consolidates all values in a 
consistent profit and loss statement view and maximizes global profit. In 
addition, value planning addresses the requirements of planning future in-
ventory values across the value chain network. 
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Sales planning described in subchapter 05.4 supports spot and contract 
sales management and planning of sales price effects using price-quantity 
functions. 

Distribution planning described in subchapter 5.5 handles multi-period 
transportation time and transit inventories as global material flow plan-
ning. Moreover, static and dynamic inventory planning is supported. 

Production planning of quantities and campaigns described in subchap-
ter 5.6 has to consider the variable production processes with multiple in-
put and output and throughput smoothing as the planning of change-overs 
between campaigns. 

Procurement planning of spot and contract procurement quantities is the 
final planning model element described in subchapter 5.7. 

The model is composed of model elements used in the different model 
parts: 

• Indices and index sets: indices and index sets – combinations of indices 
– being the basis planning objects for input, control data and decisions 
variables e.g. products 

• Input and control data: given input data and control data defined by the 
planner and/or given by the value chain strategy bounding the optimiza-
tion model e.g. demand forecast as input data and sales control bounda-
ries as control data 

• Preprocessing: additional parameters required for the optimization 
model based on input and control data being calculated in preprocessing  

• Decision variables: decision variables representing the planning deci-
sions of the planner and being decided in the optimization model e.g. 
production volumes 

• Objective function: objective function to maximize profit incl. consid-
ered values 

• Constraints: constraints being used to bound decision variables in model 
• Postprocessing: planning indicators being calculated after optimization 

Concluding, the model architecture integrates the value and volume fo-
cus as well as all functional management areas in the value chain from 
sales to procurement and bridges the former separation between value, 
supply and sales management concepts described in subchapter 2.2. The 
model architecture reflects the value chain management philosophy to in-
tegrate volume and value decisions across the chain for the considered tac-
tical level of value chain planning. 
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5.2 Planning Basis 

The planning basis is the foundation for the planning process and the entire 
value chain planning model. The planning basis comprises definitions and 
structures shared throughout the model. The planning basis covers a plan-
ning framework defining planning bucket, horizon, frequency and granu-
larity to support the planning process requirements formulated in chapter 
4. Then the planning objects and indices are defined including the aggrega-
tion of planning objects in order to address the requirements of global 
planning. As a result, key model indices can be formalized at the end of 
the chapter. 

5.2.1 Planning Framework  

The planning framework defines core structures in planning to support the 
decision of planning volumes and values on the tactical level as intermedi-
ate layer between strategy and operations as formulated in the planning 
process requirements in 0. 

The planning framework consists of planning bucket, granularity, hori-
zon and frequency. Characteristics and possible attributes of the global 
value chain planning problem are shown in table 20. 

Table 20 Planning framework 

Characteristics Attributes 
Planning bucket week, month 
Planning horizon from 1 to 12 months 

Planning frequency weekly, monthly 
Planning granularity  detailed, aggregated  

The planning model is flexible to support different attribute configurations 
and provide degrees of freedom to modify the planning framework attrib-
utes over time e.g. shortening or extending the planning horizon. Under-
lined in the tables are the attributes that will be applied in the planning 
model to match the planning process requirements formulated in process 
requirements in section 

The planning bucket defines the discrete periods for planning. Here, the 
plan is structured into monthly buckets and all planning results refer to 
month as basis period. 
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The planning horizon defines the number of future periods planned. 
Here, planning is required for 12 months. The 12 months horizon allows 
anticipating planned shut-downs or identifying shortage situations requir-
ing additional procurement early in advance. Shorter planning horizons 
such as 3 or 6 months can also be well motivated e.g. if future demands 
and procurement planning quality can only be achieved within this time-
frame. However, 3 or 6 months can be too short in a global network with 
long lead times in transportation. Moreover, planning models based on op-
timization tend to reduce volumes in the final periods since no demands 
for following periods exist. This is an additional argument for having a 
longer horizon. A very short horizon of few months makes only sense for 
weekly planning buckets.  

Finally, the planning granularity can be detailed or aggregated. Detailed 
granularity means that the most detailed level of all objects is planned, 
such as single customers, articles, storage facilities or production units. 
Since we have a global planning problem, aggregation is required to limit 
planning complexity for all participants involved in the planning process 
and to combine detailed decisions to aggregate planning decisions for lar-
ger units that are robust against changes on the detailed level. 

5.2.2 Planning Objects and Basis Indices 

A central element in the planning framework is the definition of planning 
objects and potential aggregation levels. Fig. 54 illustrates planning object 
hierarchies for prod that can be found in industry practice. 
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A product hierarchy comprises product line, product group, product and 
article. Product line and product group combine products by common 
characteristics on two aggregation levels. A product is the direct input or 
output of a production process; articles include also packaging informa-
tion. Therefore, one product can be filled into multiple articles. 

Sales & procurement location hierarchies have two aggregation paths: a 
market-oriented and a geographical aggregation path. Both paths meet on a 
single customer respectively supplier level as lowest level of detail. The 
geographic hierarchy path aggregates customers by country, sub-region 
and region like “Germany”, “Central Europe” and “EMEA” across several 
markets and segments. Geographical aggregation of course groups coun-
tries by their homogeneity e.g. with respect to currencies and import duties 
(Pontrandolfo et al. 2002, p. 1301). The market-oriented path aggregates 
customers by industry characteristics across several regions by market, 
segment, customer or supplier groups. For example, the automotive indus-
try on the market level may have a segment of truck manufacturers and the 
premium truck OEMs may be clustered into one customer group. Market-
oriented aggregation supports also differentiation of internal and external 
customers with internal customers having transfer prices and other transfer 
rules than those of external customers.3 Geographical and market-oriented 
hierarchies can also be used in mixed forms. 

The distribution location hierarchy has three levels with a distribution 
region, distribution center and storage facilities. A distribution region ag-
gregates all inventories laying in different locations of the same region 
such as total inventories in EMEA. A distribution center is a distribution 
location with one or multiple storage facilities or cross-docking facilities 
between two different or identical modes like truck-rail or ship-ship. Dis-
tribution centers are often differentiated into regional DCs serving as hubs 
and customer-near local DCs e.g. as in the case of depot and hub transpor-
tation networks found for mail and parcel services (Wasner/Zäpfel 2003). 
Storage facilities can be dedicated warehouses or single tanks or silos for 
bulk material representing a single physical storage unit. 

The production location hierarchy follows a similar logic as distribution 
locations do: Production regions consolidate all production resources 
within one geographical region to a virtual production region. A produc-
tion plant combines one or multiple factories at the same site. Finally, a 
factory is a dedicated physical production block inside the plant holding 
the production resources. 

                                                      
3 The determination of transfer prices between internal business units is out of 

the scope; models to determine transfer prices in supply chains are described for 
example by Gjerdrum et al. (2001). 
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A transportation lane hierarchy differentiates interregional highways, 
transportation lanes and physical connections between physical storage 
units. Interregional highways link regions or markets. Transportation links 
connects locations like plants and distribution centers on the tactical level. 
Physical connections such as pipelines or conveyer belts link factories and 
storage facilities in the same location. 

The production resource hierarchy differentiates line group, line and 
unit. A line group combines multiple production lines with identical proc-
esses and technologies to one virtual resource. A line combines all produc-
tion units used in one production process to one resource. A unit is a com-
ponent in a production line like a reactor or dryer. 

Theses hierarchies and levels again can be found in the chemical indus-
try practice, but may differ by wording or aggregation levels in different 
industries or even in other companies. Key is that object and hierarchies 
are an important aspect in planning in order to limit planning complexity 
and to ensure decision significance. 

The appropriate aggregation level for value chain planning has to be de-
termined by finding the right balance between level of detail and planning 
complexity. In tactical planning it has to be ensured that aggregation does 
not lead to inaccurate volume and value planning. For example planning 
product groups instead of single groups would be not accurate enough on 
the tactical level since production planning requires the product informa-
tion for determining product-dependent throughputs and recipes. 

While some objects like production and distribution locations match the 
tactical level of value chain planning with distribution center or plant, ag-
gregation has to be validated by aggregation rules considering the focus of 
value chain planning on volumes and values as illustrated in the following. 

Planning Object Aggregation 

Value chain planning objective is to plan volumes and values on a monthly 
level. Aggregation of planning objects has to find the right level of detail 

• that volumes and values are accurately planned within a certain toler-
ance and 

• that planning complexity is limited and volume variances between sin-
gle objects can be leveled out on an aggregated level. 

Considering the different planning objects, the aggregation decision is 
not a straight-forward decision and the mentioned criteria are not clearly 
measurable. Fig. 55 shows the criteria matching roughly value manage-
ment process levels and the respective allocation of planning object hierar-
chies. 
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Fig. 55 Aggregation level by planning objects 

Tactical volumes and value planning is done on the product level instead 
of a detailed article level also including packaging information or an ag-
gregate product group level clustering several products. Main reason is that 
product quantities have to be integrated across procurement, production, 
distribution and sales. Product groups that cluster multiple similar products 
would not meet these criteria, since product group demand cannot be 
matched with product group inventories because the specific product mat-
ters to the customer. The packaging information given by the article is 
mainly required on regional and operations level within customer orders or 
to support filling and packaging decisions. Hence, articles are used in re-
gional demand planning on a customer level. Globally, article demand is 
aggregated on a product level to limit complexity and to have a common 
planning basis. 

Location and transportation lane aggregations have to consider, whether 
distribution volumes and values can be accurately planned between loca-
tions. Sales location aggregation requires transportation time and cost dif-
ferences being in a certain tolerance interval. The European Union (EU) 
could form for example one sales location, since transportation time varies 
between 1-3 days and the transportation costs for ground transportation are 
in similar ranges. In addition, sales locations have to differentiate internal 
and external EU customers, since sales planning business rules and transfer 
pricing vs. market pricing differ. Therefore, a mixed aggregation consider-
ing geographical and market segment criteria is more appropriate. Distri-
bution location aggregation of multiple distribution centers to one distribu-
tion region may reduce the planning complexity of inventories. However, 
material flows between distribution centers or mapping of sales quantities 
on locations are not accurate enough. For that reason, distribution locations 
are planned on a distribution center level. A production location is planned 
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on a production plant level at the same site, with the same arguments of the 
distribution location aggregation. Procurement locations do not need to 
consider transportation cost differences, because the supplier normally 
covers the transportation costs. However, transportation time, price and 
business rule differences between procurement locations need to be con-
sidered; therefore, an aggregation on a sub-region/segment level is appro-
priate. Transportation lane aggregation is a result of the location aggrega-
tion decisions, since the transportation link connects procurement, 
production, distribution and sales locations. Finally, production resources 
aggregation has to ensure that production quantities and costs are accu-
rately planned. Line groups of similar technologies may not be accurate 
enough, if product-resource allocation and throughputs differ between 
lines in the same line group. The line level covering an entire production 
process is a more appropriate aggregation level, while single units like 
dryers or reactors are too detailed for the tactical planning level. Table 21 
shows aggregation results with the chosen aggregation level underlined. 

Table 21 Aggregation results 

Planning object Aggregation level 
Product Product line, product group, product, article 
Sales location Market/region, segment / sub-region,  

customer cluster/country, customer 
Distribution location Distribution region, distribution center, storage facility 

Production location Production region, plant, factory 

Procurement location Market/region, segment / sub-region,  
customer cluster / country, customer 

Transportation lane Interregional highway, transportation link, physical connec-
tion 

Resource line group, line, unit 

The planning objects are now formalized as basis indices for the planning 
model. 

Basis Indices 

The model basis comprises indices used across the planning model. Fig. 56 
illustrates the basis indices: 
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Fig. 56 Basis indices 

Locations l L∈  are the nodes in the value chain network like sales, distri-
bution, production or procurement locations. 

Resources r R∈  are production units that produce finished or interme-
diate products as output an ,td t T∀ ∈ d e E∈  require intermediate or raw 
material products as input. A resource is related to one location. 

Transportation lanes  are the edges within the network and connect the 
respective locations. 
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Products p P∈  are finished products sold to the market, intermediate 
products used and produced in production and raw materials procured ac-
cording to the chemical industry principle “every product is a finished 
product”. 

Periods t T∈  are discrete planning buckets as defined in the planning 
framework. Default bucket is one month. The planner defines a starting pe-
riod 1t T∈  and an ending period Tt T∈ . The number of period days and 
period hours ,th t T∀ ∈  is defined according to the calendar. 

Indices and planning basis are shared across the optimization model that 
is detailed in its different elements in the following. 

5.3 Value Planning 

The planning objective is to plan global value chain volumes and values. 
Initially, the value planning model with the objective function to maximize 
global profit is presented. The objective function also includes a relaxation 
concept for hard constraints leading to potential plan infeasibility. The fu-
ture-oriented inventory value planning concept based on volatile raw mate-
rial prices is presented at the end of the subchapter. 

5.3.1 Value Objective Function 

The value objective function maximizes profit consolidating all values 
considered in value chain planning. The global scope requires consolidat-
ing values on one currency basis applying exchange rates for values in for-
eign currencies as described in the following. 

Value Input Data 

Value input data are given parameters to be entered by the planner in the 
model provide by controlling or finance functions in the company and of-
ten determined by financial markets. 

Each location in the network has a defined location currency e.g. USD 
in a US-based location. All value parameters related to this location are de-
fined in this location currency called foreign currency (fc) in the model. 
Secondly, the company has a base currency (bc) for global consolidation 
of values in all regions. A monthly exchange rate forecast is the basis for 
deriving exchange rate factors used in the model. The currency exchange 
rate factor is the exchange rate of the foreign currency compared to the 
base currency. The exchange rate factors are defined for periods t T∈  and 
by locations ,L

lt l Lχ ∀ ∈ , resources ,R
rt r Rχ ∀ ∈  and transportation 
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lanes ,T
et e Eχ ∀ ∈ . The location exchange rate factor L

ltχ  is the monthly ex-
change rate factor of the location-specific foreign currency to the base cur-
rency. The resource exchange rate factor R

rtχ  is identical to the respective 
location exchange rate factors of the resource’s location. Due to several re-
source-specific value parameters, the resource exchange rate factor is de-
fined explicitly for easy application in the model. Transportation lane ex-
change rate factors have to be defined explicitly, since a transportation 
lane connects two locations that can have different location currencies. The 
transportation lane currency depends on the leading currency for the trans-
portation costs of the respective transportation lane. 

The capital cost rate ϕ  reflects the company-specific interest rate ap-
plied to calculate capital costs on working capital like inventories and out-
standing liabilities or used for net present value calculation. In case of 
market financed corporations, the weighted average cost of capital 
(WACC) is used as opportunity capital cost rate. WACC considers the 
mixed financing structure of a company consisting of equity and debt capi-
tal4. 

Value Objective Function Decision Variables 

The value objective function is oriented at the company’s profit and loss 
definitions. Guiding principle is to only use value parameters that can be 
found in the cost controlling of the company “signed” by controlling. Pen-
alty costs and without currency and weighting factors being applied to 
steer optimization results but having no actual financial impact – as it can 
be often found in supply chain optimization models - do not meet this re-
quirement. 

A second principle in value chain planning is that volume-related objec-
tives like high service level or high utilization are managed in constraints 
applying appropriate boundaries and are not integrated into a multi-
objective functions. Reason is that financial and non-financial objectives 
should not be mixed up e.g. by applying subjective weighting factors. 

z  is the objective variable and represents the discounted profit on earn-
ings-before-tax level excluding resource fixed costs. Note that some ag-
gregate (redundant) decision variables are introduced to improve the read-
ability of the model formulation. z  is composed of the value parameters as 
postulated by the value planning requirement in section 4.1.3. S

ty  is the net 
                                                      

4 )1( cXb
K
Dy

K
EWACC −⋅⎟

⎠
⎞

⎜
⎝
⎛+⋅⎟

⎠
⎞

⎜
⎝
⎛= ,  

with E = total equity, K = capital employed, y = expected costs or return on eq-
uity, D = total debt, b = expected costs or interests on debt, Xc = company tax rate 
(N.N. 2006k). 
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sales turnover, Ssc
tv related sales costs withdrawn form the net sales turn-

over. Withdrawn distribution cost variables in the objective function com-
prise warehousing costs Iwc

tv  and transportation costs Ttc
tv  as well as oppor-

tunity capital costs for local inventory Icc
tv  and transit inventory Ttcc

tv . 
Production cost variables are the variable production costs Pvpc

tv  and spe-
cific costs for campaign change-overs Pcc

tv . Finally, procurement costs Sc
tv  

for raw materials and other products procured are withdrawn. All variables 
are defined per monthly period t T∀ ∈ . 

Value Objective Function 

The value objective function maximizes profit z . z  sums up all consid-
ered monthly turnovers and costs on the planning base currency across all 
planning periods. Monthly values are discounted with a net present value 
factor to reflect the net present value of later planning periods compared to 
early planning periods in the tactical planning horizon of up to 12 months. 
One can argue that – unlike investment decisions in the value chain strat-
egy with a horizon of several years – that the net present value is of less 
importance on a tactical level. However, given significant volumes and 
value decisions with the horizon of 12 months, it does make a difference if 
certain volumes and values are realized several periods earlier or later. 

max
t T

z
∈

=∑  { S
ty⎡⎣  + net sales turnover (1)

 Ssc
tv−  - sales costs  

 Iwc
tv−  - warehousing costs  

 Ttc
tv−  - transportation costs  

  Icc
tv−  - inventory capital costs  

 Ttcc
tv−  - transit inventory capital costs  

 Pvpc
tv−  - variable production costs  

 Pcc
tv−  - change-over production costs  

 Bc
tv ⎤− ⎦  - procurement costs  

 / (1 )
365

ttdϕ ⎫⋅⎡ ⎤+ ⎬⎢ ⎥⎣ ⎦⎭
 

net present value factor  

The net present value factor of a period t considers the period-
independent capital cost rate WACC5 ϕ , the number of period days td  and 
the total days per year. Sub-calculations of turnover and costs applying ex-

                                                      
5 Hence WACC is applied two times in the model: to calculate inventory capital 

costs and to discount period profits. This approach is used in payment plans, 
where interests for investments paid in each period are also discounted with an in-
terest rate to calculate the net present value. 
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change rate factors are detailed in the respective sales, distribution, pro-
duction and procurement subchapters. 

The economic values in the objective function are treated and structured 
from an operations research perspective as variables calculated bottom up 
considering underlying volume decision variables. These result variables 
are integrated in the model to make the objective function more readable 
and easier to communicate to stakeholders such as planners, top-
management, marketing and/or controlling. 

In order to ensure the consistent view on the economic values compared 
to the controlling view, additional controlling indicators are calculated in a 
postprocessing phase. 

Value Indicator Postprocessing 

As postulated in value planning requirements, value planning results are 
structured by: 
• the gross contribution margin defined as model parameter profit I I

tz ,  
• earnings before interests and tax (EBIT) defined as model parameter 

profit II II
tz , 

• and earnings before tax (EBT) defined as model parameter profit III 
III
tz , t T∀ ∈ . 
III
tz  requires considering also fixed production costs Pfpc

tv  deducted 
from II

tz . The additional terminology of profit I, profit II and profit III is 
chosen, since calculated values do not cover all values included in EBIT or 
EBT e.g. additional administrative fixed costs. The indicators profit I, 
profit II and profit III rather are approximations of the official controlling 
indicators to support focused value chain planning decisions. The calcula-
tions of I

tz , II
tz  and III

tz  are presented in eq. 2. 
S
ty  + net sales turnover  (2)

Ssc
tv−  - sales costs  
Iwc
tv−  - warehousing costs  
Ttc
tv−  - transportation costs  
Pvpc
tv−  - variable production costs  

 Pcc
tv−  - change-over production costs  

Sc
tv−  - procurement costs  

I
tz  profit I   

Pfpc
tv−  - fixed production costs  

II
tz  profit II  

Icc
tv−  - inventory capital costs  
Ttcc
tv−  - transit inventory capital costs  

III
tz  profit III  
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Altogether, the model supports the company to optimize monthly profits 
based on volume decisions consistent as far as possible to company’s 
profit and loss structures. Ideally, it is fully consistent with the company’s 
profit and loss statement requiring integrating costs for support areas such 
as further overhead costs or capital costs on receivables. This would be a 
long-term vision, where further research should be directed to. 

The value objective function includes also a relaxation concept intro-
duced in the following. 

Relaxation Concept 

Relaxation of hard constraints is critical for optimization-based planning 
models used in industry practice with more than even 100,000 constraints 
and specifically for hard integer programming problems (Fisher 2004). 
Hard constraints set hard minimum and maximum boundaries for decision 
variables that have to be fulfilled. It may occur that no solution exists fit-
ting all constraints at the same time. Planners have difficulties to identify 
manually constraints leading to infeasibility. Value chain planning model 
infeasibility is mainly caused by volume-related constraints of material 
flows e.g. by bounding sales quantities, inventories, transportation quanti-
ties, production and procurement quantities. Examples in literature for re-
laxation methods to e.g. transportation problems is presented by 
Klose/Lidke (2005) 

Relaxation of hard boundaries enables to find a solution by adding con-
tinuous relaxation variables minΔ  and maxΔ  to the hard constraints measur-
ing the deviation to the minimum and maximum boundaries respectively. 
Relaxation for sales, inventory and transportation constraints is used, 
where minimum and maximum quantities have to be met. Relaxation, 
however, should only be possible, if no feasible solution exists. Therefore, 
relaxation will be penalized with very high costs in the objective function.  

Relaxation Control Parameter 

Three relaxation penalties are defined as control parameters: θκ  is a pen-
alty applied if the model can only be solved with relaxation. θκ  is applied 
independently on how many constraints or quantities have to be relaxed. 

ρκ  is a penalty per relaxed quantity unit and ψκ  is a penalty per relaxed 
constraint. ρκ  and ψκ are required to control the relaxation result: Either 
few constraints with high number of relaxed quantities or many constraints 
with few relaxed quantities are relaxation result options. The planner tends 
to have fewer constraints relaxed where boundaries have to be checked and 
adapted. On the other hand, the planner prefers to avoid extreme changes 
of boundaries in one case but adapt boundaries slightly in many cases. ρκ  
and ψκ  support the planner to set these preferences for the relaxation case. 
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The penalties θκ , ρκ  and ψκ  have to be set high enough to make re-
laxation unattractive compared to the overall profit in order to ensure con-
straints being only relaxed in the case with no feasible solution. As alterna-
tive to a manual setting, these parameters can also be determined 
dynamically in a preprocessing phase, e.g. the total demand forecast turn-
over for θκ , the maximum demand forecast price per ton for ρκ  and the 
maximum demand forecast turnover for ψκ . 

Relaxation Variables 

The relaxation variables are defined in the following: θ  is the binary 
infeasibility switch variable. θ  is 1 if the model needs to be relaxed or 0 
if a feasible solution exists. ρ  counts the total volume of relaxed volumes 
composed by the single relaxed sales volumes Sρ , relaxed inventory vol-
umes Iρ  and relaxed transportation volumes Tρ . ψ  counts the total 
number of relaxed constraints composed by the number of relaxed sales 
constraints Sψ , the number of relaxed inventory constraints Iψ  and the 
number of relaxed transportation constraints Tψ . 

The relaxation variables focus on the front-end of the value chain in 
sales and distribution excluding production and procurement due to the 
commodity value chain characteristics with long production lead times and 
less flexibility in the backend. Of course, it is possible to have relaxation 
variables for all constraints and areas of the value chain. However, this 
would lead to higher complexity for the planner as well as longer solution 
times with more integer variables. Therefore, relaxation is kept limited. 

Relaxation Terms and Constraints 

The value objective function is extended by the relaxation terms penalizing 
the model infeasibility. The term (3) is withdrawn from the profit z  in the 
objective function. 
 θθ κ− ⋅   Total model infeasibility penalty 

ρρ κ− ⋅   Total relaxation ton penalty 
ψψ κ− ⋅   Total relaxation constraint penalty 

(3) 

The binary model infeasibility variable is set to one, if the number of re-
laxation tons is not zero, meaning, there exists a case, where the model 
needs to be relaxed. 

II M θρθ ⋅≤≤  (4)

M is a sufficiently big number used in these logical constraints. M can 
be defined manually by the planner or determined dynamically in a pre-
processing phase. M has to exceed the possible total sum of relaxation tons 
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in sales, inventory and transportation in the model. Hence, the sum of de-
mand forecast, maximum inventory and transportation quantity is a suit-
able value for M. 

The relaxation ton counter  ρ  sums relaxation ton counters in sales, in-
ventory and transportation. The individual relaxation ton counters are pre-
sented in more detail in the respective sales, transportation and inventory 
planning subchapters. 

ITS ρρρρ ++=  (5)

The relaxation constraint counter  ψ  sums relaxation ton counters in 
sales, inventory and transportation. The individual relaxation ton counters 
are presented in more detail in the respective sales, transportation and in-
ventory planning sections. 

ITS ψψψψ ++=  (6)

Relaxation results are considered in postprocessing to determine overall 
model results. 

Relaxation Postprocessing 

Relaxation postprocessing determines the feasibility cases communicated 
to the planner as shown in table 22: 

Table 22 Model feasibility cases 

Feasibility case Feasibility Iθ  
I.  Solution found without relaxation Feasible 0 
II.  Solution found only with relaxation Feasible 1 
III. No solution found even with relaxation Infeasible 0 or 1 

Case I is the desired model result: all constraints are met, no relaxation is 
required. The model is solved and all value and volume results are proc-
essed and communicated to the planner. Case II requires relaxation to 
make the model feasible. Planning results do not represent a solution that 
is desired in reality, profit results are meaningless due to the relaxation 
penalties withdrawn from the objective value. Hence, the planner does not 
get the planning results but the list of relaxation cases that occurred. The 
list enables the planner to review input and control data of the specific con-
straint. Case III occurs, if the model is infeasible due to the constraints that 
have no relaxation variables. This case is the most difficult one for the 
planner to solve. A theoretical solution would be to relax all hard con-
straints; an 80-20-solution in practice is to use relaxation only for the 
infeasibility cases occurring most often. In practice, these cases can be 
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found in sales, inventory and transportation. There, control boundaries can 
be easier adapted to the model and in practice be compared to production 
constraints like maximum and minimum throughputs or change-over rules. 

Automated relaxation already is an integrated feature of newest version 
of optimization tools that a manually programmed relaxation concept 
would not be necessary. However, a problem-specific relaxation concept 
can control, which constraints are subject to relaxation that are suitable to 
be relaxed from a planners perspective. Therefore, a manually pro-
grammed relaxation concept still will be an important element even if op-
timization tools provide relaxation as standard feature. 

5.3.2 Future Inventory Value Planning 

Future capital costs considered in the objective function rely on future 
capital values – in this scope future inventory values. The planning of fu-
ture inventory values in all future periods and in all network locations is a 
complex task. As described in the requirements, future inventory value is 
determined by the future product values of the products on stock. These 
product values change, if the included material costs of the product 
change, which is regularly the case due to volatile raw material prices. The 
task now is to calculate the future inventory value throughout the value 
chain network and product steps considering the raw material price fore-
cast for the planning horizon. The problem is illustrated in fig. 57. 

material 
costs

Raw 
material Product 1 Product 2

TPProcurement
location

Production
location TP Production

location TP

Value 
chain 
index

1. 2. 3. 4. 5. 6.

∅ recipe factor

product 
value

production 
costs

Monthly
volatile

procurement
costs

0.90 1.1

TP: transfer point Time stamp
21

∅ location mapping factor

100% 100% 100% 100% 100%

 

Fig. 57 Future inventory planning principle 
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A raw material is procured from a procurement location in the first period. 
It has a monthly volatile procurement price being also the inventory value 
at the transfer point of the respective product in the respective month. Sub-
sequently, the raw material is used with produced products, in the example 
of fig. 57 in product 1 with a recipe factor of 0.9. In addition, production of 
product 1 requires additional production costs. Hence, the inventory value 
of the product 1 consists of the raw material costs based on the recipe and 
the production costs. 

In a global value chain network, products are not always composed of 
materials from the same location. A location mapping factor defines, 
which share of material from a defined location is included in the subse-
quent product. 

Besides, products in a global multi-stage network can have a lead time 
caused by transportation or inventory ranges until they are used in the sub-
sequent steps. This lead time has to be considered when calculating future 
inventory values of products in the value chain network: a raw material 
product procured at a certain price can require several periods, until it is 
included in a final product sold in distant markets. Therefore, the inventory 
value change related to the procured raw material is effective certain peri-
ods after the raw material has been procured. 

In order to reflect these lead times, the concept of a timestamp is intro-
duced. Timestamp is used in computer science documenting the system 
time when a certain event or transaction occurs e.g. for logging events 
(N.N. 2007). In the context of future inventory value planning, the time-
stamp marks the period, when the first raw material has reached a certain 
stage in the value chain network included into a specific product. In the 
example illustrated in fig. 57, the raw material is processed in the same pe-
riod to be converted into product 1. Therefore, all four value chain steps 
indexed from one to four occur in the same period and have the same time-
stamp one. Conversion into product 2, however, requires additional time 
caused by production lead times, safety inventory and/or transportation 
time, that the steps indexed with five and six have a time stamp of two. 
The timestamp reflects that the inventory value of product 2 is not based 
on the raw material costs from the same period but based on the raw mate-
rial costs from the previous period in order to reflect the lead time. Conse-
quently, value chain indices and timestamps are defined for all steps and 
can cover multiple periods reflecting that raw materials in a global com-
plex multi-stage value chain network can take several months, until they 
are sold as part of a finished product to the market. 

Summarizing, the product value consists of material costs and average 
production costs considering fixed and variable costs. Material costs are 
calculated based on the product value of ingoing products applying recipe 
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and location mapping factors. The timestamp considers the time gap in the 
value chain between a raw material and the final product. The first raw 
material has a timestamp of 1. All subsequent products in the network have 
the same or a higher timestamp driven by time required for transportation 
or keeping inventory. 

Index and Index Sets 

The objective of future inventory planning is to determine the future mate-
rial costs and product values for all product-location combinations in the 
value chain network defined in the index set 1{ , } , ,VCp l I p P l L∈ ∀ ∈ ∈ . 
The value chain index ι ∈Ι  is introduced indicating the position sequence 
of the respective value chain step – procurement, production or transporta-
tion. ι ∈Ι  has to be an ordered set that will determine the calculation se-
quence of the product values starting with the raw material procurement 
from a supplier in a procurement location and ending with the final sales 
location of the final finished product. A value chain step is defined for the 
index set  2

1 2 1 2{ , , , , } VCp p l l Iι ∈  including ι ∈Ι , input and output product 
1 2,p p P∈  and the starting and ending location 1 2,l l L∈ .The subset of all 

target product-location combinations is created, for which material costs 
and product values are calculated, including the value chain index 

4
2 2{ } VCp l Iι ∈ , ι∀ ∈Ι , 1

2 2{ , } VCp l I∈  required during the calculation and 
excluding the index 3

2 2{ } VCp l I∈ , 1
2 2{ , } VCp l I∀ ∈ . 

Control Data 

Future product values are determined by several control data. The average 
production cost rate 

1 2 1 2

VCpc
p p l lιφ , the weighted average location mapping factor 

1 2 1 2

VClmf
p p l lιφ  and the average recipe factor 

1 2 1 2

VCrf
p p l lιφ , all defined 

2
1 2 1 2{ , , , , } VCp p l l Iι∀ ∈ . All factors are illustrated with value domains in 

table 23. 

Table 23 Value chain step cases 

Value chain step   
1 2 1 2

VCpc
p p l lιφ  

1 2 1 2

VClmf
p p l lιφ  

1 2 1 2

VCrf
p p l lιφ  

Procurement  (p1=p2, l1=l2) 0 100% 100% 
Transportation  (p1=p2, l1≠l2) 0 ≤ 100% 100% 
Production  (p1≠p2, l1=l2) > 0  100% > 0% 

Procurement steps are initial steps in the value chain and require to link 
raw materials with the subsequent products. Procurement steps have no 
production costs. Since one raw material product is considered as p1 and p2 
and one procurement location as l1 and l2, related factors are all 100%.  
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Transportation value chain steps have no production costs either. Prod-
uct p1 is equal to p2, while l1 and l2 differ to reflect transportation between 
locations. Hence, recipe factors are 100% and the location mapping factor 
is 100% for single sourcing or lower than 100% for multi-sourcing. 

Finally, production is determined by identical locations l1 and l2 and dif-
ferent products p1 and p2. Production steps have non-negative production 
costs and a non-negative recipe determining the share of p1 in p2. 

Finally, the timestamp 1, { , }VC VC
pl p l Iη ∀ ∈  is defined to indicate the aver-

age lead time measured in planning periods compared to the first raw ma-
terial initialized with timestamp 1. Increase of the timestamp is caused by 
transportation e.g. between different continents, holding inventories or the 
further production processing in the value chain. 

Input and Calculated Data in Preprocessing 

Input data are the starting material costs 
1

VCmc
pltc  and product values 

1

VCpv
pltc  for 

all product-location combinations 1{ , } VCp l I∈  in the starting period 1t T∈ . 
These initial values are given in the location-specific currency. In addition, 
the latest procurement contract offer prices for  Bc

pltc  2{ , } Bp l I∀ ∈ , t T∈ are 
used as raw material value basis across all periods. All other values are de-
termined in the calculation as illustrated in fig. 58. 
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Fig. 58 Product value calculation structure 

Calculated parameters in a preprocessing step are the indexed material 
costs  

2 2

VCimc
p l tcι  and the indexed product value rate 

2 2

VCipv
p l tcι , both defined 

4
2 2{ , , } VCp l Iι∀ ∈ , t T∈  and the final material costs VCmc

pltc  and product 
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value rate VCpv
pltc  1{ , } VCp l I∀ ∈ , t T∈ . All parameters are measured in the 

location-specific currency. 

Value Chain Preprocessing 

The first step in preprocessing is the initialization of the material cost rate 
and product value rate with the actual values for the first period. 

1

VCmc VCmc
plt pltc c= , 

1

VCpv VCpv
plt pltc c=  1{ , } VCp l I∀ ∈ , 1t t T= ∈  (7)

Secondly, all material costs and product values for raw materials are ini-
tialized with their contract procurement offer cost rate in the procurement 
locations. 

VCmc Bc
plt pltc c= , VCpv Bc

plt pltc c=  2{ , } Bp l I∀ ∈ , 1t t T= ∈  (8)

Now, indexed material costs for all subsequent products and locations 
are calculated along the value chain within the indexed step sequence ap-
plying location mapping, recipe factors and product value rates as currency 
relations between starting location l1 and ending location l2. 

1

2 2 1 2 1 2 1 2 1 2 2 2 112
1 2 1 2 2

( )
{ , , , , }

VC VC
p l p lVC

L
l tVCimc VCrf VClmf VCpv

p l t p p l l p p l l Lplt
p p l l I l t

c cι ι ι η η
ι

χ
φ φ

χ− −
∈

⎛ ⎞
= ⋅ ⋅ ⋅⎜ ⎟⎜ ⎟

⎝ ⎠
∑  

4
2 2{ , , } VCp l Iι∀ ∈ , t T∈  

(9)

Then, indexed material costs can be used to calculate indexed product 
value rates for all other products and locations along the value chain within 
the index sequence summing up material costs and average production cost 
rates considering location exchange rate factor ratios. 

1

2 2 2 2 1 2 1 2
2

1 2 1 2 2{ , , , , } VC

L
l tVCipv VCimc VCpc

p l t p l t ip p l l L
p p l l I l t

c cι ι
ι

χ
φ

χ∈

⎛ ⎞
= + ⋅⎜ ⎟⎜ ⎟

⎝ ⎠
∑  

4
2 2{ , , } VCp l Iι∀ ∈ , t T∈  

(10)

Final material cost rates and product value rates are determined based 
on the indexed material cost and product value rates. Multiple indexed ma-
terial cost and product value rates occur, if cyclic material flows exist in 
the value chain. In order to apply index-independent cost and value rates in 
the model for future inventory planning, the maximum value and cost rates 
are determined for all products, locations and periods across all value 
chain steps i.
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4{ , , }
max { }VC

VCmc VCimc
plt pltp l I

c cιι ∈
=   

4{ , }
max { }VC

VCpv VCipv
plt pltpl I

c cιι ∈
=  

1{ , } VCp l I∀ ∈ , t T∈  

(11)

The product value rate for future inventory planning is equal to the 
product values at all transfer point locations.  

Iv VCpv
plt pltc c=  2{ , } Ip l I∀ ∈ , t T∈  (12)

Finally, future inventory planning is integrated in the overall optimiza-
tion process as preprocessing phase. Alternatively, it can be run independ-
ently before the optimization to ensure usage of the most recent future 
product values for calculating capital costs in the optimization. 

The presented approach for future inventory planning can be only a first 
proposal in the specific scope of this work with significant potential for 
further research.

5.4 Sales Planning 

The sales planning model part comprises the integration of sales with sup-
ply decisions by volume and value as illustrated by fig. 20: the demand 
forecast for flexible spot volumes is no longer given to be fulfilled but has 
bid character to be cleared with an active sales quantity considering all 
forecasted bids by volumes and prices. The sales planning part formalizes 
this mechanism and presents an approach to integrate price-quantity func-
tions and active sales decisions into the overall value chain planning 
model. 

5.4.1 Sales Index Sets, Control and Input Data 

Global demand and sales is planned for all valid global product-location 
combinations 2{ , } Sp l I∀ ∈  of products p P∈  and sales locations 

1{ } Sl I∈ , l L∀ ∈  for the medium-term planning horizon covering periods 
t T∈ . The global demand forecasts are aggregated from a single customer 
level to sales location level provided by regional sales or marketing. De-
mand is aggregated from a single customer level to sales location level 
clustering multiple customers e.g. by a defined region such as EMEA or 
NAFTA. Based on the requirements as illustrated in fig. 46, the demand 
plan consists of the cumulated contract demand quantity Sc

pltq  and the aver-
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age contract price Sc
pltp  as well as the cumulated spot demand quantity Ss

pltq , 
the average spot price Ss

pltp  based on the individual customer forecasts de-
fined for 2{ , } Sp l I∀ ∈ , t T∈ . 

The total turnover achieved from spot sales depends on the company’s 
decisions on spot prices and sales quantities for each period and product-
location combination. As explained in 0, the company receives demand 
quantity and price bids from its spot market customers. Clearly, a higher 
average price can be achieved if only best-price customer bids are ac-
cepted, i.e. spot sales quantities are reduced accordingly. The derivation of 
price-quantity functions is based on the following main assumptions: 

• The relationship between spot sales price and spot sales quantity can be 
modeled as a linear function within the feasible minimum and maximum 
quantities defined by the management of the company. Of course, the 
price-quantity relationship could also be modeled using a non-linear 
function depending on the actual price-quantity-bids the company re-
ceives. In this work the linear function showed a sufficient statistical fit 
based on the real data provided by the industry case.  

• External factors affecting the spot demand quantity e.g. competitor ac-
tions, are not considered, i.e. spot sales demand only depends on spot 
sales price for each period and product-location combination.  

The relationship between spot sales price and spot sales quantity is ex-
pressed by the period-specific parameter spot demand price elasticity Ss

pltε  
also defined 2{ , } Sp l I∀ ∈ , t T∈ . The spot demand elasticity Ss

pltε  typically 
is not directly forecasted but requires further analysis. An example to de-
termine Ss

pltε  is presented in section 5.4.2.  
The respective spot price-quantity with the average spot sales price *Ss

pltp  
and spot sales quantity Ss

pltx  and the spot turnover curve with spot demand 
turnover Ss

plty and spot sales turnover *Ss
plty , all defined 2{ , } Sp l I∀ ∈ , t T∈  

are illustrated in fig. 59. 
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Fig. 59 Spot demand price-quantity function and turnover curve 

The left curve reflects the effect of sales decisions on average prices: spot 
sales quantities lower than the spot demand quantity lead to average prices 
higher than the average forecasted price for an elasticity > 0 as illustrated 
in the sales planning requirements in figure 38.  

The price-quantity and turnover functions of the form p(x) = Ax+ B for 
spot sales are derived from the spot demand quantity Ss

pltq , the spot demand 
price Ss

pltp  and the elasticity Ss
pltε . 

* ( )Ss Ss Ss
plt plt pltp x A x B= ⋅ +  

( )
( )

( )
( )

* *Ss Ss Ss Ss Ss
plt plt plt plt pltSs

plt SsSs Ss Ss Ss
pltplt plt plt plt

p p p p q
given A and

px q x q
ε

− −
= − = ⋅

− −
 

Ss
pltSs

plt Ss
plt

p
A

q
ε⇒ = − ⋅  

* ( )
Ss
pltSs Ss Ss Ss Ss

plt plt plt plt pltSs
plt

p
given p q p q B

q
ε⇒ = − ⋅ +  

(1 )Ss Ss
plt pltB pε⇒ = + ⋅  

* ( ) (1 )
Ss
pltSs Ss Ss Ss Ss Ss

plt plt plt plt plt pltSs
plt

p
then p x x p

q
ε ε= − ⋅ ⋅ + + ⋅  

2},{ SIlp ∈∀ , t T∈  

(13) 
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The respective turnover function ( )Ss Ss
plt plty x  can be derived using the 

price-quantity function *( )Ss Ss
plt pltp x . 

*( ) ( )Ss Ss Ss Ss Ss
plt plt plt plt plty x p x x= ⋅  

* ( ) (1 )
Ss
pltSs Ss Ss Ss Ss Ss

plt plt plt plt plt pltSs
plt

p
with p x x p

q
ε ε= − ⋅ ⋅ + + ⋅  

2( ) ( ) (1 )
Ss
pltSs Ss Ss Ss Ds Ss Ss

plt plt plt plt plt plt pltSs
plt

p
y x x p x

q
ε ε⇒ = − ⋅ ⋅ + + ⋅ ⋅  

2{ , } Sp l I∀ ∈ , t T∈  

(14) 

The turnover function is used in the model when optimizing profit in-
cluding the respective turnover. 

Sales Control Data 

Sales control data are managed by the planner executing business rules de-
fined in the sales strategy. The sales strategy has to define for a sales loca-
tion − e.g. a certain market − the minimum and maximum spot sales quan-
tity Ss

pltx  to be reached. These boundaries should reflect the respective 
business strategy e.g. to ensure minimum sales required to stay in the mar-
ket and to ensure continuous customer relations or maximum sales possi-
ble reflecting opportunities to push additional quantities into the market in 
the case of very dynamic growth e.g. experienced in specific regions and 
countries such as China. Contract sales is fixed and fulfilled as demanded. 
Spot sales flexibility is defined with relative and absolute boundaries: 

minSs s
plR  and maxSs s

plR  are the minimum respective maximum shares of the 
spot demand plan that have to be fulfilled. minSs a

plR  and maxSs a
plR  are the ab-

solute spot sales boundaries. All boundaries are defined 2{ , } Sp l I∀ ∈  and 
applied across all planning periods.  

5.4.2 Price Elasticity Analysis 

Spot demand price elasticity is not a forecasted parameter but needs to be 
derived analytically. As specified in the value chain characteristics in sub-
chapter 3.2 the company does not have a monopoly in the market and sales 
decision of the company do not influence the market price. Therefore, elas-
ticity is not determined from a macro-economic perspective considering 
market prices but from a micro-economic perspective analyzing the spe-
cific spot demand forecasts the company receives. Table 24 provides the 
detailed steps of the algorithm for determining elasticity and the price-
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quantity functions for spot sales demand using a simple numerical exam-
ple. 

Table 24 Algorithm to determine price-quantity function 

Algorithmic steps Parameter Unit A B C D 

Quantity [t] 100 200 100 200 1. List individual customer clusters 
k K∈  with spot demand quantity 

Ssk
pktq  and price forecast Ssk

pktp  Price [€/t] 100 90 80 70 

2. Sort price forecasts in non- 
increasing order giving ranks f F∈  Rank   1. 2. 3. 4. 

3. Determine cumulated spot demand 
quantity ˆSsk

pkftq  for rank f F∈  Σ Quantity [t] 100 300 400 600 

4. Determine average spot demand price 
Ssk
pkftp  for rank f F∈  Ø Price  [€/t] 100 93.3 90 83.3 

5. Determine cumulated quantity share of 
rank f F∈  Δ Quantity[%] 17 50 67 100 

6. Determine average price ratio 

( ) ( ):Ssk Ss
pkft pltp p  of rank f F∈  Δ Price  [%] 120 112 108 100 

7. Linear regression for price ratios with 
respect to quantity shares 

Regres-
si
o
n

 y = -0.24 x + 1.24 
R2=1.00 

8. Determine price elasticity Elasticity  0.2407ε =  

Given are spot demand quantity Ssk
pktq  and price forecast Ssk

pktp for product 
and customer cluster combinations grouped into the index set 4{ , } Sp k I∈ , 

p P∀ ∈ , k K∈  with clusters of customers k K∈  in the sales location 
1Sl I∈  (step 1)6. Next, all price forecasts Ssk

pktp  are sorted in non-increasing 
order giving ranks 1,.., ,f F f F= ∈  (step 2). Then the cumulated spot 
demand quantity ˆSsk

pkftq  for each rank f F∈ is determined (step 3). In step 
4, the corresponding average spot demand price forecast for cumulated 

                                                      
6  In practice, the smallest customers are not planned individually but are 

grouped into a cluster e.g. called “other customers”; therefore, single customer 
forecasts are considered on a customer cluster level, where a large customer forms 
a single customer cluster and small customers are grouped. 
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sales quantity ˆSsk
pkftq , 4{ , } Sp k I∀ ∈ , f F∈ , t T∈  is determined for each 

rank starting with the best price assuming only this customer cluster should 
be served. In the following steps 5 and 6, the cumulated quantity share 
( ) ( )ˆ :Ssk Ssk

pkft pltq q  and the average price ratio ( ) ( ):Ssk Ss
pkft pltp p  of each rank 

1,.., ,f F f F= ∈  are determined. In step 7 a linear regression for price ra-
tios with respect to quantity shares is carried out giving the price-quantity 
function. Finally, the spot demand elasticity is obtained as the negative 
slope of the regression function (step 8). 

This proposed algorithm requires a sufficient number of individual cus-
tomer bids or forecasts within one sales location and thus relies on effec-
tive support by the local sales and marketing units. If the number of price-
quantity bids is not sufficient and the regression is not accurate enough, 
elasticities cannot be directly used for decision making. In this case, elas-
ticity is assumed to be 0 meaning no price effects are included in the 
model and calculated profits are lower and more cautious than in reality. If 
all customers have the same spot prices, the average price is equal to the 
individual prices and the elasticity is equal to 0 meaning that no average 
price effects occur in case of volume reductions. 

The elasticity is derived by a linear regression as illustrated in fig. 60 us-
ing the example above. If all customers have the same spot prices, the av-
erage price is equal to the individual prices and the elasticity is equal to 0 
meaning that no average price effects occur in case of volume changes. 
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Fig. 60 Elasticity analysis example 

The gradient Ss
pltg 2{ , } Sp l I∀ ∈ , t T∈  of the approximated price-quantity 

share function represents the approximated negative elasticity. The gradi-
ent is determined by the spot demand quantity Ss

pltq , the spot demand price 
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Sc
pltp , the spot sales quantity Ss

pltx  and the spot sales price *Ss
pltp , which will 

be used later as decision variables in the model defined 2{ , } Sp l I∀ ∈ , 
t T∈ . 

*

:
Ss Ss Ss Ss
plt plt plt pltSs

plt Ss Ss Ss Ss
plt plt plt plt

p p x q
g

p p q q
⎛ ⎞ ⎛ ⎞

= − −⎜ ⎟ ⎜ ⎟⎜ ⎟ ⎜ ⎟
⎝ ⎠ ⎝ ⎠

 

*Ss Ss Ss
plt plt plt Ss

pltSs Ss Ss
plt plt plt

p p q
x q p

ε
−

= ⋅ = −
−

 

2{ , } Sp l I∀ ∈ , t T∈  (15) 

The analysis method requires a sufficient number of individual customer 
cluster demands within one sales location and thus relies on effective sup-
port by the regional sales and marketing units. In the investigated applica-
tion from the chemical industry, it could be observed that price elasticity 
were volatile over time and ranked mainly between 0.1 and 0.5 depending 
on products and locations as it will be presented in the case evaluation in 
chapter 6 in more detail. The linear regression is applicable but not always 
sufficient in terms of number of customer clusters considered and statisti-
cal correlation reflected by correlation coefficient R2. Alternatively, a 
quadratic regression of the sales turnover curve could be applied. This 
concept, however, does not create the same basis for understanding in the 
sales and marketing organization of the company since elasticity is the pa-
rameter known in sales and marketing to discuss and understand price-
quantity dynamics in the market rather than discussing quadratic regres-
sion parameters that cannot be well understood and translated into direct 
price-quantity-relations. 

5.4.3 Turnover Approximation Preprocessing 

Since both spot price and quantity are modeled as variables, the resulting 
optimization problem of maximizing turnover is quadratic. In the follow-
ing, we show how a linear approximation of the turnover function can be 
achieved (see also Habla 2006). This approach is based on the concavity 
property of the turnover function and the limited region of sales quantity 
flexibility to be considered. Approximation parameters are determined in a 
preprocessing phase based on the sales input and control data. The pre-
processing is structured in two phases as shown in table 25: 
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Table 25 Turnover approximation preprocessing phases and steps 

Phase I: Determine  
spot sales boundaries 

Step 1: Determine theoretic maximum spot sales quantity 
Step 2: Determine overall spot sales quantity boundaries 

Step 3: Determine partial quantity points 
Step 4: Determine partial spot sales quantities  
Step 5: Determine partial spot sales turnovers 

Phase II: Determine 
turnover approxima-
tion parameters 

Step 6: Determine partial spot turnover gradients 

Phase I: Determine Spot Sales Boundaries 

Effective minimum spot sales quantity minSs
pltX  and maximum spot sales 

quantity maxSs
pltX  2{ , } Sp l I∀ ∈ , t T∈  have to be determined in advance 

comparing the relative and absolute minimum and maximum spot sales 
boundaries and the theoretic maximum spot sales quantity maxSs

pltq , 
2{ , } Sp l I∀ ∈ , t T∈  of the price-quantity function. 

Step 1: Determine Theoretic Maximum Spot Sales Quantity 

The theoretic maximum spot sales quantity maxSs
pltq  is zero point of the 

price-quantity function. 

( ) (1 )
Ss
pltSs Ss Ss Ss Ss Ss

plst plt plt plt plt pltSs
plt

p
p x x p

q
ε ε= − ⋅ ⋅ + + ⋅  

!
max( ) 0Ss Ss

plst pltp q⇒ = max 1 Ss
pltSs Ss

plt pltSs
plt

q q
ε

ε
+

⇔ = ⋅  

2{ , } Sp l I∀ ∈ , s S∈ , t T∈  

(16)

The maximum spot sales quantity assumes that the sales price can be re-
duced to zero. This is of course a theoretic assumption rarely found in 
practice. From a model perspective it is important to determine the zero 
point in order to evaluate, if defined absolute and relates sales quantity 
boundaries are still associated with positive sales prices. 

Step 2: Determine Overall Spot Sales Quantity Boundaries 

The minimum spot sales quantity is the lower sales boundary. Since this 
boundary can be defined as relative and/or absolute limit, the effective 
limit applied is the maximum of the absolute minimum sales quantity and 
the minimum spot sales quantity share applied on the spot demand. 

min min minmax{ , }Ss Ss a Ss s Ss
plt plt plt pltX R R q= ⋅  2{ , } Sp l I∀ ∈ , t T∈  (17)
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The maximum spot sales quantity is the minimum of absolute maximum 
sales quantity, the maximum sales share applied on the spot demand and 
theoretic maximum sales quantity. 

max max max maxmin{ , , }Ss Ss a Ss s Ss Ss
plt plt plt plt pltX R R q q= ⋅  

2{ , } Sp l I∀ ∈ , t T∈  

(18)

Minimum and maximum spot sales quantities by period are the effective 
boundaries applied in the optimization as illustrated in fig. 61. 

Cumulated spot 
sales quantityminSs

pltX maxSs
pltX

Spot sales 
quantity flexibility

Average spot 
sales price

Spot demand
price

Spot sales quantity

Spot sales price

Ss
pltq

*Ss
pltp

Ss
pltp

Ss
pltx

 

Fig. 61 Price-quantity function with sales flexibility boundaries 

Spot sales quantity decisions upon the demand quantity lead to price 
changes within the limited interval of sales flexibility between minSs

pltX  and 
maxSs

pltX . Summarizing, the company has a certain spot sales flexibility al-
lowing the company to optimize volumes and values in the value chain 
specifically in production with this given flexibility. 

Phase II: Determine Turnover Approximation Parameters 

The turnover approximation approach illustrated in figure 54 is based on 
partial quantity points subdividing the turnover curve into multiple sec-
tions, for which turnover is linearly approximated. As explained in the 
previous section, minSs

pltX  and maxSs
pltX  are given as management-defined 

control parameters, which indicate the minimum and maximum spot sales 
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that needs to be considered, respectively. The set of partial quantity points 
i N∈  has four elements by default: 0, minSs

pltX , Ss
pltq  and maxSs

pltX , where Ss
pltq  

indicates the total quantity of all forecasted customer quantities. The algo-
rithm for determining the price-quantity function is described in section 0. 
Note that maxSs Ss

plt pltX q>  expresses the possibility of gaining additional spot 
market quantity at decreased sales prices. In the case of maxSs Ss

plt pltX q=  only 
forecasted demand is considered. The three non-zero points are fixed and 
indexed by mini  for minSs

pltX , midi  for Ss
pltq  and maxi  for maxSs

pltX  with 
min max, ,midi i i N∈ . The approximation can be improved by adding addi-

tional partial quantity points i+  between mini , midi  and midi , maxi , respec-
tively. Partial spot sales quantities Ss

ipltq  2{ , } Sp l I∀ ∈ , t T∈  are determined 
at each partial quantity point i N∈ . Corresponding partial spot turnovers 

Ss
iplty , 2{ , } Sp l I∀ ∈ , i N∈ , t T∈  are calculated for each partial spot sales 

quantity Ss
ipltq  using the exact turnover function. Partial spot turnover Ss

jplty  
in the partial quantity section 1.. 1j N= −  between two partial quantity 
points i N∈ is approximated based on the turnover gradient Ss

jpltτ , 
2{ , } Sp l I∀ ∈ , 1.. 1j N= − , t T∈  of the linear connection. The principle of 

linear turnover approximation is illustrated in fig. 62 
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Fig. 62 Piecewise linear turnover approximation approach 
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Since the turnover curve is concave7 and the piecewise linear turnover gra-
dients decrease monotonically, no integer variables are required to decide, 
which partial quantity section is filled first. The objective function to 
maximize turnover will ensure to fill the partial quantity sections from left 
to right8. 

Step 3: Determine Partial Quantity Points 

The partial quantity points mini , midi , maxi  depend on the number of addi-
tional partial quantity points addi  added to improve the approximation ac-
curacy. 

min 2i = , max 4 (2 )addi i= + ⋅ , 
min max( )

2
mid i ii +=  

mini∀ , midi , maxi N∈  

(19)

The set of partial quantity points are now defined as 
min max:{1, ,.. , ,.. , }midi N i i i∈ . 

Step 4: Determine Partial Spot Sales Quantities 

Partial spot sales quantities are defined first for the partial quantity points 
1i = , mini , midi  and maxi  as cornerstones for the turnover approximation. 

The zero point, minimum and maximum sales boundaries as well as the 
spot demand forecast are assigned as partial spot sales quantities to these 
cornerstones. 

1: 0Ss
iplti q= = , min min: Ss Ss

iplt plti i q X= =  

:mid Ss Ss
iplt plti i q q= = , max max: Ss Ss

iplt plti i q X= =  
2{ , } Sp l I∀ ∈ , i N∈ , t T∈  

(20)

If further partial quantity points are added, additional partial sales quan-
tities are evenly determined between minimum, demanded and maximum 
spot sales quantity. 

min
min min min

min

( ): ( )
( )

mid Ss Ss Ss Ss
iplt plt plt pltmid

i ii i i q X q X
i i

−< < = + ⋅ −
−

 
(21) 

                                                      
7 A function f on the interval C is concave, if  

.,,
2

)()(
2

Cyxyfxfyxf ∈∀+≥⎟
⎠
⎞

⎜
⎝
⎛ +  

8 For a review on linear approximation for non-linear functions see Kallrath 
(2002b), p. 125. 
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max max
max

( ): ( )
( )

mid
mid Ss Ss Ss Ss

iplt plt plt pltmid

i ii i i q q X q
i i

−< < = + ⋅ −
−

 

2{ , } Sp l I∀ ∈ , i N∈ , t T∈  

Now, partial spot sales quantities are defined for all partial quantity 
points on the x-axis of the turnover approximation, and the partial turn-
overs are determined for all partial spot sales quantities. 

Step 5: Determine Partial Spot Sales Turnovers 

Partial spot sales turnovers at the partial quantity points are determined us-
ing the exact turnover function. 

2( ) (1 )
Ss
pltSs Ss Ss Ss Ss Ss Ss

iplt plt plt iplt plt plt ipltSs
plt

p
y x x p x

q
ε ε= − ⋅ ⋅ + + ⋅ ⋅  

2{ , } Sp l I∀ ∈ , i N∈ , t T∈  

(22) 

In case of constant prices with 0Ss
pltε = , the turnover function is simpli-

fied to the term Ss Ss
plt ipltp x⋅  being a linear optimization problem, since only 

Ss
ipltx  is variable. 

Step 6: Determine Partial Spot Sales Turnover Gradients 

Turnover gradients are calculated for the linear connection of the sections 
between two neighbored partial quantity points. The special case of a sec-
tion size 0 has to be handled. 

1, 0 :Ss Ss
iplt i pltq q −− = 0Ss

jpltτ =  

1, 0 :Ss Ss
iplt i pltq q −− > 1,

1,

Ss Ss
iplt i pltSs

jplt Ss Ss
iplt i plt

y y
q q

τ −

−

−
=

−
 

2{ , } Sp l I∀ ∈ , 1i > , i N∈ , 1.. 1j N= − , t T∈  

(23)

Now, the turnover approximation based on partial quantity points, par-
tial spot sales quantities and partial spot turnover is fully defined. Conclud-
ing, thanks to this preprocessing phase, the spot sales parameters used in 
the model can be reduced to only four parameters:  

• the minimum and maximum spot sales boundaries minSs
pltX  and maxSs

pltX ,  

• the partial spot sales quantities Ss
ipltq  and  

• the turnover gradient Ss
jpltτ . 
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In the following, sales planning model variables and constraints are pre-
sented. 

5.4.4 Sales Decision Variables and Constraints 

Sales decision variables are the spot sales quantity Ss
pltx , the spot sales turn-

over Ss
plty  and the respective total sales quantity S

pltx , 2{ , } Sp l I∀ ∈ , t T∈ . 
Additionally, the partial spot sales quantities Ss

jpltx  and the approximated 
partial spot sales turnovers Ss

jplty  are required for turnover approximation 
2{ , } Sp l I∀ ∈ , 1.. 1j N= − , t T∈ . Relaxation variables minS

pltΔ  and maxS
pltΔ , 

2{ , } Sp l I∀ ∈ , t T∈  are used for hard constraints to relax them in case of 
model infeasibility as introduced in the relaxation concept in 0. They rep-
resent the sales minimum relaxation quantity and sales maximum relaxa-
tion quantity required to open the hard constraints. The binary sales relaxa-
tion case variable S

pltδ , 2{ , } Sp l I∀ ∈ , t T∈  is 1 if the related constraint is 
relaxed, otherwise it is 0. S

pltδ  is used to count all sales relaxation cases. 
Sales constraints limit partial and total spot sales quantities and calculate 

sales quantities and turnover. Partial spot sales quantities have to fit into 
the respective section between partial spot sales quantities. 

 

1,
Ss Ss Ss
jplt iplt i pltx q q −≤ −  2{ , } Sp l I∀ ∈ , i N∈ , oz , 

 1, .., 1j N= − , 1j i= − , t T∈  

(24)

The total spot sales quantity is the sum of the partial spot sales quanti-
ties. 

1

1

N
Ss Ss
plt jplt

j
x x

−

=

=∑  2{ , } Sp l I∀ ∈ , t T∈  
(25)

The total spot sales quantity is limited through the minimum and maxi-
mum boundaries including relaxation variables. 

min min max maxSs S Ss Ss S
plt plt plt plt pltX x X− Δ ≤ ≤ + Δ  2{ , } Sp l I∀ ∈ , t T∈  (26)

A constraint is counted as relaxation case with S
pltδ equal to 1, if con-

straint’s minimum or maximum boundaries are relaxed and relaxation vari-
ables are not 0. 

min maxS S S S
plt plt plt pltMδ δ≤ Δ + Δ ≤ ⋅  2{ , } Sp l I∀ ∈ , t T∈  (27)

The sales relaxation ton counter Sρ  sums up all positive and negative 
relaxation quantities. 
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2

max min

{ , } S

S S S
plt plt

t T p l I

ρ
∈ ∈

= Δ + Δ∑ ∑  (28)

The sales relaxation constraint counter Sψ  sums up all binary variables 
S
pltδ . 

2{ , } S

S S
plt

t T p l I

ψ δ
∈ ∈

=∑ ∑  (29) 

The total sales quantity is the sum of contract sales and spot sales quan-
tity. 

S Ss Sc
plt plt pltx x q= +  2{ , } Sp l I∀ ∈ , t T∈  (30)

Partial spot sales turnover is the product of partial quantity and partial 
turnover gradient. 

Ss Ss Ss
jplt jplt jplty xτ= ⋅  2{ , } Sp l I∀ ∈ , 1, .., 1j N= − , t T∈  (31)

The spot sales turnover is the sum of the partial spot sales turnovers. 
1

1

N
Ss Ss
plt jplt

j
y y

−

=

=∑  2{ , } Sp l I∀ ∈ , t T∈  
(32)

The total sales turnover is the sum of contract turnover and spot sales 
turnover. 

( )S Ss Sc Sc
plt plt plt plty y q p= + ⋅  2{ , } Sp l I∀ ∈ , t T∈  (33)

Altogether, the constraints decide spot sales quantity and turnover while 
contract sales quantity and turnover are fulfilled as demanded. 

The total net sales turnover S
ty  per period sums spot sales turnover Ss

plty  
as well as contract turnover by product and location ,p P l L∀ ∈ ∈  multi-
plied with the location exchange rate factor L

ltχ  of the period. 

2{ , }

( )
S

S Ss Sc Sc L
t plt plt plt lt

p l I

y y q p χ
∈

⎡ ⎤= + ⋅ ⋅⎣ ⎦∑  t T∀ ∈  
(34)

Sales costs in the base currency are calculated applying the sales cost 
share rate on sales turnover. 

2{ , }

( )
S

Ssc Ss Sc Sc Ssc L
t plt plt plt pl lt

p l I

v y q p c χ
∈

⎡ ⎤= + ⋅ ⋅ ⋅⎣ ⎦∑  t T∀ ∈  
(35)
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5.4.5 Sales Indicator Postprocessing 

Sales indicators are calculated after the optimization in a postprocessing 
phase. Sales indicators focus on decision support for the planner to quickly 
analyze the overall sales planning result and to specifically evaluate the 
quality of the turnover approximation results. 

Turnover approximation evaluation compares approximated spot sales 
turnover SsApprx

plty  with the exact calculated spot sales turnover SsCalc
plty  for 

the same spot sales quantity decision 2{ , } Sp l I∀ ∈ , t T∈ . The approxi-
mated spot sales turnover is equal to the spot sales turnover determined in 
the model. 

SsApprx Ss
plt plty y= ,  2{ , } Sp l I∀ ∈ , t T∈  (36)

The exact spot sales turnover is determined using the spot sales quantity 
Ss
pltx  within the exact turnover function. 

2( ) (1 )
Ss
pltSsCalc Ss Ss Ss Ss Ss

plt plt plt plt plt pltSs
plt

p
y x p x

q
ε ε= − ⋅ ⋅ + + ⋅ ⋅  

2{ , } Sp l I∀ ∈ , t T∈  

(37) 

Two accuracy indicators are defined:  

• SXTG  as maximum relative turnover gap 
• STTG  as total relative turnover gap. 

SXTG  determines the maximum turnover gap between the approxi-
mated turnover and the calculated turnover across all product-locations and 
period combinations. 

2{ , } ,
max { }S

SsCalc SsApprx
plt pltS

SsCalcp l I t T
plt

y y
XTG

y∈ ∈

−
=  

(38)

SXTG  analyzes turnover gaps for each individual business by product 
and location and shows the case with the highest gap between actual and 
approximated turnover. 

STTG  compares the total approximated turnover with the total calcu-
lated turnover to identify the overall error. 

2

2

{ , } ,

{ , } ,

S

S

SsCalc SsApprx
plt plt

p l I t TS
SsCalc
plt

p l I t T

y y
TTG

y
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−
=

∑

∑
 

(39)
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A good approximation should achieve values smaller than 0.001 for 
both indicators. 

Sales result indicators are the relative sales level SSL  and the value-
added level SVA . The sales level is defined as the ratio of total sales quan-
tity to total demand quantity. 

( )
2

2

{ , } ,

{ , } ,

S

S

S
plt

p l I t TS

Ss Sc
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p l I t T
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q q
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=
+

∑

∑
 

(40)

The relative sales level aggregates the sales volume plan into one indi-
cator to show the tendencies of the sales plan. For example, relative sales 
levels smaller than 1 indicate the planner that some sales locations exist 
receiving less volumes than demanded to be analyzed in more detail. 

The value-added level measures the ratio between total turnover and to-
tal procurement costs. Total procurement costs B

pltv  are presented in more 
detail in subchapter 5.7. 

2

2

{ , } ,
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∈ ∈

=
∑

∑
 

(41)

A higher value-added level leads to higher utilization and volumes, if 
production and distribution costs in-between are relatively small and/or 
stable compared to turnover and procurement volumes and values.
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5.5 Distribution Planning 

Distribution planning covers transportation and inventory planning within 
the network, as well as the material balance calculation between sales, 
production and procurement. Global transportation planning considers the 
lead times between continents resulting in transit inventories differentia-
tion of sent and received transportation quantities as shown in the require-
ments in section 4.1.5. Inventories are managed at the defined transfer 
point locations either with static or dynamic boundaries. 

5.5.1 Transportation Index Sets, Control and Input Data 

Global transportation planning covers sent and received transportation 
quantities as well as transit inventories by transportation lane Ee ∈ . The 
differentiation of sent and received transportation quantities is required due 
to long transportation lead times between continents causing that sent 
transportation quantities in one period can arrive in different periods. Exact 
vessel scheduling would require defining the exact points in time of depar-
ture and arrival in the port (Jetlund/Karini 2004, p. 1272). In monthly 
planning from a chemical company perspective, the scheduling of single 
vessels is not in focus given regular container vessel routes. 

Transportation lanes have a transportation time Eed T
e ∈,  measured in 

days. A transcontinental transportation lane connecting NAFTA with Asia 
for example can require more than 30 days of transportation time. A 
normed period transportation time Tnd  of 30 days per period is defined. 
The normed period transportation time represents the planning bucket 
month. Since sent and received transportation quantities depend on trans-
portation time, subsets of transportation lanes depending on the transporta-
tion time Eed T

e ∈,  and the normed transportation time Tnd  as illustrated 
in table 26 are created. 

Table 26 Transportation lane index sets depending on transportation time 

Index set Index set description Transportation time  
1. 1}{ TIe ∈  in-period transportation lanes 0=T

ed  

2. 2}{ TIe ∈  between-period transportation lanes TnT
e dd ≤<0  

3. 3}{ TIe ∈  cross-period transportation lanes TnT
e dd >  

4. 4}{ TIe ∈  between-/cross-period transportation lanes 0>T
ed  
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The transportation time criterion is used to group transportation lanes 
uniquely into one of the shown three index sets. Transportation lanes with 
transportation time longer than 0 are additionally grouped in index set 4. 
Grouping of transportation lanes will be used to later distinguish different 
transportation cases leading to different equations to calculate transporta-
tion sent and received quantities. 

The grouping approach accepts a certain error on the monthly planning 
level compared to the exact operations level. On the operations level, all 
transportation lanes – also location-internal transfers e.g. in pipelines – 
have a transportation time > 0. Conceptually, it is required to make a clear 
cut between planning and operations and to define a planning tolerance in-
terval e.g. 10% of the total period time – in this case 3 days –, where trans-
portation times are set equal to 0. Otherwise, the planner always would 
miss 3% of volume in the same planned period due to the transportation 
time lag of 3 days leading to complexity in the plan. 

In addition to the grouping of transportation lanes in index sets, all start-
ing and ending locations are grouped into the index sets 5

1
TIl ∈ , Ll ∈∀ 1  

and 6
2

TIl ∈ , Ll ∈∀ 2 . Transportation lanes, starting and ending locations 
are grouped 7

21 },,{ TIlle ∈ , Ee ∈∀ , Lll ∈21 ,  generally and product-
specific 8

21 },,,{ TIllep ∈∀ , Pp ∈∀ , 7
21 },,{ TIlle ∈ . Finally, all prod-

uct-transportation lane index sets of between and cross-period product 
transportation lanes are grouped with 9

21 },,,{ TIllep ∈ , 
8

21 },,,{ TIllep ∈∀  with 0>T
ed . Index sets are used to define the trans-

portation control data introduced in the following. 

Transportation Control Data 

Transportation is controlled with minimum and maximum total transporta-
tion quantities minTe

eR  and maxTe
eR  for the transportation lane Ee ∈  and 

product-specific minimum and maximum product transportation quantities 
min

21

Tp
lpelR  and max

21

Tp
lpelR  for all product-transportation lane combinations 
8

21 },,,{ TIllep ∈∀ . Here, transportation business rules e.g. contractually 
agreed with global carriers in the value chain strategy and procurement 
strategy can be applied such as minimum transportation quantities per 
months or capacity limits. The product-specific transportation cost rates 

Ttcr
lpelc
21
 8

21 },,,{ TIllep ∈∀  per transported unit in the transportation lane-
specific currency is applied to calculate transportation costs. The cost rate 
is product-specific, e.g. due to difference in transportation modes applica-
ble for the product for the same transportation lane. 

Transportation Input Data 

Transcontinental transportation and transit inventory planning during the 
initial planning periods need considering transportation quantities and 
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transit inventories already on the way. The carry-over transportation re-
ceive quantity Tcarryrecv

tlpelx
21

 and the carry-over transit inventory quantity 
sTcarrytran

tlpelx
21

 are required for all cross- or between-period transportation lanes 
9

21 },,,{ TIllep ∈ , since they affect transportation planning and material 
balances during the initial planning periods. Considering carry-over quan-
tities is commonly known for modeling inventory balances, where the start 
inventory of the first period needs to be taken into account. Now, carry-
over quantities have to be also considered for planning transportation 
quantities and transit inventories. 

5.5.2 Transportation Variables and Constraints 

Transportation planning has to decide on sent transportation quantities 
Tsent

tlpelx ,21
 and received transportation quantities Trecv

tlpelx
21

 8
21 },,,{ TIllep ∈∀ , 

Tt ∈ . In addition, transit inventories for Ttrans
tlpelx

21
 on ships result for be-

tween- and cross-period transportation lanes 9
21 },,,{ TIllep ∈∀ , Tt ∈ , 

since these are the lanes, where transit inventory needs to be accounted for. 
Hard transportation constraints can be relaxed with the minimum and 
maximum relaxation quantity variables min

21

T
tlpelΔ  and max

21

T
tlpelΔ , 

8
21 },,,{ TIllep ∈∀ . The binary variable T

tlpel 21
δ , 8

21 },,,{ TIllep ∈∀ , 
Tt ∈  counts the transportation relaxation cases. 

Transportation value variables are transportation costs Ttc
tlpelv

21
 for 

8
21 },,,{ TIllep ∈∀ , Tt ∈  in the transportation-lane specific currency as 

transit inventory value Ttv
tlpelv

21
 and transit inventory capital costs Ttcc

tlpelv
21

, 
8

21 },,,{ TIllep ∈∀ , Tt ∈ . 

Transportation Constraints 

The first transportation constraints bound transportation sent quantities for 
the entire transportation lane across all products. 

max

},,{

min

8
2,1

21

Te
e

Illep

Tsent
tlpel

Te
e RxR

T

≤≤ ∑
∈

 Ee ∈∀ , Tt ∈  (42)

Secondly, product-specific sent transportation quantity boundaries have 
to be considered or relaxed with the relaxation variables. 

maxmaxminmin
2121212121

T
tlpel

Tp
lpel

Tsent
tlpel

T
tlpel

Tp
lpel RxR Δ+≤≤Δ−  

odStartEndTIllep Pr
21 },,,{ ∈∀ , Tt ∈  

(43)
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Transportation relaxation cases are determined for all transportation 
boundary constraints using a logical constraint formulation. 

T
tlpel

T
tlpel

T
tlpel

T
tlpel M

21212121

maxmin δδ ⋅≤Δ+Δ≤   2},{ IIlp ∈∀ , Tt ∈  (44)

The transportation relaxation ton counter Tρ  sums up all positive and 
negative relaxation quantities 
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The transportation relaxation constraint counter Tψ  sums up all binary 
variables T

tlpel 21
δ . 
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∈ ∈
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T
tlpel

T

T 8
21

21
},,,{

δψ  (46)

The following constraints determine the sent transportation quantity de-
pending on the transportation time and the respective transportation lane 
cases introduced at the beginning of the section. Fig. 63 illustrates the dif-
ferent cases depending on transportation time and on the impact on re-
ceived transportation quantity calculation. 
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Transportation time
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Periods

Transportation time
cross periods
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Carry-over received transportation quantity

Carry-over received transportation quantity

31 2 4

31 2

31 2 4

31 2 4

Received transportation quantity 
dependent on transportation time

 

Fig. 63 Principle of calculating received transportation quantity 

The simplest case is the in-period case with transportation time equal to 0. 
Here, the received transportation quantity is equal to the sent transportation 
quantity meaning that the entire quantity shipped in one period arrives 
fully in the same period. 
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If transportation time is between periods, received transportation quan-
tity calculation differs for the starting period and for all other periods. Re-
ceived transportation quantity for the starting period is composed of carry-
over received transportation quantity already on the way and a share of the 
sent transportation quantity from the first period. Received transportation 
quantities for all other periods are composed by a share of sent transporta-
tion quantities from the two periods ( )⎣ ⎦TnT

e ddt /−  and ( )⎡ ⎤TnT
e ddt /−  

with T
ed  being the transportation time for the transportation lane e meas-
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ured in days and Tnd  being the normed transportation time for a planning 
period by default 30 days. 

The quantity share depends on transportation time and normed transpor-
tation time. 
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The cross-period case with transportation times longer than the normed 
transportation time requires three differentiations. The carry-over received 
transportation case is not only required for the first planning period but 
also for subsequent periods due to the long shipment times. 
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The following numerical examples illustrate the calculation results for 
the different transportation time cases (s. table 27). 

Table 27 Numerical example for global transportation quantity calculation 

transpor- 
tation 
time [d] 

sent 
in 
t =1 

sent 
in 
t =2 

carry-
over 
in  
t =1 

carry-
over 
in  
t =2 

Re-
ceived 
in  
t=1 

Re-
ceived 
in  
t=2 

Re-
ceived 
in  
t=3 

Re-
ceived 
in  
t=4 

Re-
ceived 
in  
t=5 

Re-
ceived 
in  
t=6 Total 

0 100 50 0 0 100 50 0 0 0 0 150 
10 100 50 50 0 117 67 17 0 0 0 200 
30 100 50 50 0 50 100 50 0 0 0 200 
45 100 50 50 50 50 100 75 25 0 0 250 
60 100 50 50 50 50 50 100 50 0 0 250 
70 100 50 50 50 50 50 67 66 17 0 250 

The transportation time is varied from 0 days to 70 days. The normed 
transportation time is set to 30 days. A quantity of 100 is sent in period 1, a 
quantity of 50 is sent in period 2. Carry-over transportation quantity of 50 
exists for transportation time longer than 0 in the first period, for transpor-
tation time longer than 30 days also for the second period. The received 
quantities are calculated for the periods 1 to 6 based on the calculation 
rules introduced. It gets obvious that depending on the transportation time, 
the share of sent quantities allocated to a period differ. The importance of 
carry-over quantities to be considered in the first planning periods espe-
cially for long transportation time in transcontinental shipment gets trans-
parent. This extends the scope of distribution planning models considering 
only carry-over inventory for the first period to calculate inventory bal-
ances towards carry-over transportation quantities not only for the first but 
also for further periods depending on the transportation time. 

Sent and received transportation quantities are the basis to calculate 
transit inventories for the between and cross-period case. Transit inventory 
is the balance of carry-over or transit inventory from the previous period 
plus new sent transportation quantity minus received transportation quan-
tity leaving the “pipeline”. 
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Transportation costs in the respective transportation lane currency are 
the sent transportation quantity multiplied with the product-specific trans-
portation cost rate. 
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Monthly transportation costs sums up all transportation costs by product 
and transportation lane combinations applying the transportation lane-
specific exchange rate factor. 
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The transit inventory value is the transit inventory quantity multiplied 
by the product value rate of the destination location. 
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Detailed transit inventory capital costs are measured for each period in 
the transportation lane-specific currency. 
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(54)

Sent and received transportation quantities are the basis for balancing 
material flows in all procurement, production and sales locations as pre-
sented in the following. 

Monthly capital costs for transit inventories are calculated based on the 
transportation lane and product-specific transit inventory value in the basis 
currency of the end location and applying the interest rate equation. 
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(55)

Concluding, the transportation planning model realized the planning re-
quirements for a global value chain network with respect to global trans-
portation send and received quantities as well as transit inventory planning. 
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5.5.3 Inventory Index Sets, Control and Input Data 

Inventory Index Sets 

Inventory is managed in distribution locations LlIl I ∈∀∈ ,}{ 1  called 
transfer points as defined in the value chain network presented in section 
3.2.1. The product and transfer point combinations are defined in the index 
set 2},{ IIlp ∈ , Pp ∈∀ , 1IIl ∈ . Transfer points are the logical inventory 
management locations as defined in the planning object aggregation in sec-
tion 5.2.2. A transfer point can combine multiple physical separated ware-
housing locations where inventory is physically distributed but managed as 
being logically one virtual location. 

Inventory Control and Input Data 

Inventory quantity is managed within defined minimum and maximum in-
ventory management bandwidth as shown in fig. 64 

Absolute values Ranges 

Minimum
bandwidth 
inventory

Physical 
maximum 
inventory

Maximum 
bandwidth 
inventory
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Fig. 64 Inventory management boundaries 

Minimum bandwidth inventory boundary can be defined statically as abso-
lute quantity aIbw

plR min , 2},{ IIlp ∈∀  or dynamically as inventory range 
rIbw

plR min , 2},{ IIlp ∈∀  measured in days applied on the future total dis-
tribution demand for the transfer point. While absolute boundaries ensure a 
stable inventory baseline, inventory range boundaries support a dynamic 
adoption of inventories to the business situation. Especially, minimum 
bandwidth inventory for new products can be easier managed and built up 
using ranges applied on distribution demand instead of fixed absolute 
quantities. 
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The minimum bandwidth inventory boundary is set for all planning pe-
riods. Exceptionally, the minimum bandwidth inventory can be reduced 
down to 0 in a specific period controlled by the binary parameter in

plt
Imσ , 

2},{ IIlp ∈∀ , Tt ∈  defined as minimum bandwidth inventory limit 
switch. The minimum bandwidth inventory includes the safety stock to en-
sure delivery capability, physical line fill inventory in the resources during 
production, as well as minimum unavoidable working level inventory oc-
curring due to the operating mode. 

The maximum bandwidth inventory is also defined statically as absolute 
quantity aIbw

plR max  or as inventory range rIbw
plR max  in analogy to minimum 

inventories 2},{ IIlp ∈∀ . Exceptionally, this limit can be increased up to 
a physical maximum inventory quantity ax

plR Im , 2},{ IIlp ∈∀  in a specific 
period controlled by the binary maximum inventory switch parameter 

ax
plt
Imσ , 2},{ IIlp ∈∀ , Tt ∈ . Compared to the maximum bandwidth in-

ventory, the physical maximum inventory quantity corresponds with stor-
age capacity limits in the transfer point.  

Minimum and maximum bandwidth inventory boundaries are defined in 
the value chain strategy based on value chain structure, inventory drivers 
and statistical inventory formulas. Depending on supply chain and busi-
ness structures, different inventory quantity flexibility is required: supply 
chain reasons are for example campaign production. Business reasons are 
the risk-hedging of raw material price volatility by building up forward 
raw material inventories in low-price periods to bridge high-price periods. 
A further reason for higher maximum bandwidth inventories is a missing 
value chain planning quality with the sales plan being not executed in op-
erations as planned leading to higher carry-over inventories for the plan-
ning process in the next period. 

The inventory warehousing cost rate Iwc
plc , 2},{ IIlp ∈∀  and the prod-

uct value rate Iv
pltc , 2},{ IIlp ∈∀ , Tt ∈  are the inventory value parame-

ters. The warehousing cost rate is a variable cost factor in the location-
specific currency applied on the inventory quantity in the transfer point. 
Variable warehousing costs are often charged if warehouses are operated 
by service providers. Company-owned warehouses can also be included in 
distribution fixed costs that cannot be variablized for optimization purpose. 
Product value rates are taken from future inventory planning from section 
5.3.2 and reflect the future product values considering anticipated future 
raw material price development. 

Inventory management requires the starting inventory within the first 
planning period called carry-over inventory 

1
I
pltx  2},{ IIlp ∈∀ , Tt ∈1 . 
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5.5.4 Inventory Variables and Constraints 

Inventory planning has to decide inventory ending quantities I
pltx , 

2},{ IIlp ∈∀  in each planning period Tt ∈ . Inventory relaxation vari-
ables are used in analogy to sales and transportation relaxation: in

plt
ImΔ  and 

ax
plt

ImΔ  are the minimum and maximum inventory relaxation quantities 
2},{ IIlp ∈∀ , Tt ∈ . The binary variable I

pltδ  indicates, whether an in-
ventory constraint is relaxed or not 2},{ IIlp ∈∀ , Tt ∈ . In addition, the 
product-location specific average warehousing costs Iwc

pltv , average inven-
tory value Iv

pltv  and the related average capital costs Icc
pltv  are determined. 

These value variables are calculated for average inventory, since values 
have to take into account the inventory quantities and development within 
the period, not the ending inventory. 

Inventory Constraints 

Inventory boundary constraints have to combine absolute and range 
boundaries considering limit switch parameters and relaxation variables. 
The absolute minimum and maximum inventory boundaries are defined in 
the following constraint. 
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(56) 

Lower inventory boundary is 0, if the minimum inventory limit switch 
in

plt
Imσ  is 1. Upper inventory boundary is equal to the maximum bandwidth 

inventory, if the maximum inventory limit switch ax
plt
Imσ  is 0, otherwise 

the maximum absolute inventory quantity is applied as upper limit. The 
constraint is relaxed with in

plt
ImΔ  of ax

plt
ImΔ , if no feasible solution exists due 

to hard inventory constraints. 
Inventory range boundaries got a very similar structure also considering 

limit switch variables and relaxation. Inventory ranges are applied to the 
distribution demand Dd

pltx 1+ , 2},{ IIlp ∈∀ , 1−∈Tt , the transfer point has 
to fulfil in the following period. This ensures sufficient built up of inven-
tory for the distribution demand in the next period. 
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(57) 

These equations have to be adapted for the final planning period with no 
distribution demand existing for the following period out-of the planning 
horizon. It is assumed that the ranges are applied on the distribution de-
mand for the final period. Hence, they remain stable compared to the pe-
riod before the last period. 
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(58)

Inventory relaxation cases are determined for all inventory boundary 
constraints using a logical constraint equation. 
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The inventory relaxation ton counter Iρ  sums up all relaxation quanti-
ties. 
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The inventory relaxation constraint counter Iψ  sums up all binary vari-
ables I

pltδ . 
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=
Tt Ilp

I
plt
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Warehousing costs are determined based on average inventory quantity 
applying the warehousing cost rate in location-specific currency. 
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The average inventory quantity is approximated with the starting plus 
ending inventory quantity per period divided by two assuming a linear re-
lation between starting and ending inventory. The average inventory quan-
tity differs in the first instance compared to all other periods: carry-over 
inventory is the starting inventory during the first period, while the ending 
inventory of a previous period is the starting inventory of the considered 
period in all other cases. 

Monthly warehousing costs consolidate product and location-specific 
warehousing costs on the basis currency. 
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Average inventory values are determined in analogy to warehousing 
costs on the average inventory quantity applying the product value rate by 
location and period. 
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Inventory capital costs in the foreign currency are calculated on inven-
tory values using the interest rate term. 
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Inventory capital costs per period in the base currency are calculated 
summing up product-location specific inventory value and applying the in-
terest calculation term. 
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The presented inventory model matches the requirements formulated in 
section 4.1.5 managing inventories statically and dynamically within de-
fined boundaries defined in the distribution strategy. 

5.5.5 Distribution Balance Index Sets, Variables and Constraints 

Distribution Balance Index Set 

Distribution balances need to calculate all volume balances in all value 
chain network locations between sales, distribution, production and pro-
curement. Material flows have to be balanced for all product-location 
combinations in the index set 1},{ VCIlp ∈ . 

Distribution Balance Variables 

The variables distribution supply Ds
pltx  and distribution demand Dd

pltx , 
1},{ VCIlp ∈∀ , Tt ∈  are used to balance incoming and outgoing material 

flows in a value chain network location with transportation quantities as il-
lustrated in fig. 65. 
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Fig. 65 Principle of distribution balance calculation 
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The distribution balance constraints shown in fig. 65 are presented in the 
following. 

Distribution Balance Constraints 

Product’s inventory ending quantity in a transfer point is equal to the 
carry-over inventory plus all distribution supply minus distribution de-
mand for the product-transfer point combination in the first period. In all 
other periods, it is equal to the ending inventory of the previous quantity 
minus distribution demand plus distribution supply. 
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(67)

The sum of sent transportation quantities of a product is equal to distri-
bution demand of the transportation lane’s start location. The transporta-
tion lane’s start location can be a procurement location, a production loca-
tion or a distribution location. 
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The sum of received transportation quantities of a product is equal to 
distribution supply of the transportation lanes’ end location. A transporta-
tion lanes’ end location can be a demand location, a distribution location or 
a production location. 
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The sales quantity for a product in a sales location is equal to the distri-
bution supply of the product in the sales location. 
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In the following, the production quantity dorPp
pltx  and secondary demand 

quantity demP
pltx sec  of production as part of distribution planning is intro-

duced that will be later presented in more detail in subchapter 5.6. The pro-
duction output quantity by product and location is equal to distribution 
demand of the product and production location. 
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The secondary demand quantity for a product in a production location is 
equal to the distribution supply of the product and the production location. 
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The procurement quantity by product and procurement location is equal 
to the distribution demand of the product and the procurement location. 
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The procurement quantity here being part of distribution planning is 
presented in more detail in the procurement planning part in subchapter 
5.7. Some distribution indicators are determined in addition to the decision 
variables as further decision support for the planner. 

5.5.6 Distribution Indicator Postprocessing 

Inventory indicators are of key interest for planners. Higher inventory on 
the one hand ensures delivery capability and hedges the risk of volatile 
procurement prices; on the other hand, high inventories increase the capital 
employed and the capital costs. While transportation quantities are a result 
of distribution balances, inventory quantities can vary between minimum 
and maximum bandwidth boundaries. The relative inventory level IIL  
measures the percentage of the total inventory ending quantity compared 
to the total absolute maximum bandwidth inventory. 
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(74) 

The maximum bandwidth inventory is used as baseline to measure the 
inventory development. 

In addition, total inventory ranges by quantity IIR  and by value IIRV  
measured in days are determined by comparing sales quantities and turn-
overs with inventory quantities and values respectively. IIR  indicates the 
range of inventory quantity in relation to entire sales quantity in the value 
chain.
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Valued inventory ranges compare total inventory value with total sales 
turnover. 
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Inventory ranges are indicators to make different businesses compara-
ble. Commodity businesses of high volumes can be compared using the 
quantity-based inventory range. Specialty businesses with lower volumes 
of higher value with regard to commodity businesses can be compared 
with commodity inventory ranges, if sales and inventory values are con-
sidered. 

 

5.6 Production Planning 

Production planning is the most comprehensive part of the model. Its re-
quirements with variable production processes, input and output products, 
throughput smoothing and change-over planning of campaigns do not al-
low a simple quantity-based master planning approach as can be found for 
tactical planning. Core idea of production planning is to plan input and 
output quantities on production on process level and campaigns and 
change-overs on process group level, as illustrated in fig. 66. 
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Fig. 66 Production processes and process groups 

A limited number of process groups and change-over possibilities per pe-
riod restrict the number of change-over decisions and the problem com-
plexity. This technique also called block planning developed by Günther et 
al. (2006), where single processes are grouped into a production block and 
change-overs are calculated between few production blocks instead of 
many single processes leading to significant reduction of the change-over 
problem. Block planning can be applied in different applications e.g. in the 
fresh food production of yogurt, where blocks are formed for yogurt hav-
ing the same recipe (Günther et al. 2004, p. 10). The approach also allows 
combining volume and campaign sequence planning in an integrated step 
instead of more complex two-level and iterative master production sched-
uling proposed by (Hill et al. 2000). 
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5.6.1 Production Indices, Index Sets, Control and Input Data 

Production Indices 

Production planning requires additional indices next to the production re-
source index Rr ∈ . The production process Ss ∈  as core planning object 
in production is introduced. Production processes can be grouped into 
process groups Gg ∈ . Production campaigns have a dedicated index 

Cc ∈  numbering the campaigns on the resource. 

Production Index Sets 

Production has a location subset with the production locations 1}{ PIl ∈ , 
Ll ∈∀ . In addition, product subsets with all production output products 

2}{ PIp ∈  and input products 3}{ PIp ∈ , Pp ∈∀  are defined. 
Production resources are allocated to production locations 4},{ PIlr ∈ , 

Rr ∈∀ , 1}{ PIl ∈ . Production processes run on production resources de-
fined by 5},{ PIsr ∈ , Rr ∈∀ , Ss ∈ . Groups of production processes on 
a resource are defined by 6},{ PIgr ∈ , Rr ∈∀ , Gg ∈ . The triple of 
production process, process group and resource is defined by 

7},,{ PIgsr ∈ , 5},{ PIsr ∈∀ , 6},{ PIgr ∈ . Multiple input and output 
products are related to one production process as illustrated in fig. 67. 
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Fig. 67 Process input and output products 

Output products created in a production process, are grouped into a re-
source-related index set 8},,{ PIpsr ∈ , 5},{ PIsr ∈∀ , PpoIp ∈  and into 
resource and location-related set 9},,,{ PIpslr ∈ , 4},{ PIlr ∈∀ , 

8},,{ PIpsr ∈ . Output product results are aggregated on a location level 
in the set 10},{ PIlp ∈ , 2PIp ∈∀ , PlIl ∈ . 
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Input products required in a production process have the same index set 
structure like output products: 11},,{ PIpsr ∈  groups all processes and in-
put products according to the resource 5},{ PIsr ∈∀ , 3PIp ∈ . Combina-
tions of processes, input products, resources and locations are defined by 

12},,,{ PIpslr ∈ , 4},{ PIlr ∈∀ , 11},,{ PIpsr ∈ . Secondary demand for 
input products is aggregated on a location level based on the index set 

,},{ 13PIlp ∈  3PIp ∈∀ , 1}{ PIl ∈ . 
Output and input product index sets are later used for production and 

secondary demand quantity planning. Campaign and change-over planning 
is conducted on a process group and campaign level. 14

21 },,{ PIggr ∈  is 
the index set of feasible change-overs between campaigns Ggg ∈21 , , 

Rr ∈∀ . 15
21 },,{ PIccr ∈  is the index set of feasible change-overs be-

tween campaigns Ccc ∈21, , Rr ∈∀ . Idle and change-over process 
groups belong to resource-specific index sets PIdleGgr ∈},{ , 

PChangeGgr ∈},{ , Gg ∈∀ , Rr ∈ . 

Production Control Data 

Production control data set boundaries and parameters for production op-
erations of resources, processes, output and input products, process groups 
and change-overs. 

Resources are controlled with minimum utilization minP
rU  and maxi-

mum utilization maxP
rU  as well as a throughput variance parameter Pr

rtpv , 
Rr ∈∀ . Minimum and maximum utilization boundaries are related to 

chemical process requirements in order to ensure process stability and 
product quality or for planning reasons to reach or fix a certain utilization 
of a resource. 

The throughput variance factor controls the throughput smoothing on 
the resources. Variance factors of full 100% allow flexible throughput in 
different months, a variance of 20% limits the average throughput to be 
max. +/-20% higher/lower compared to the average throughput of the pre-
vious period as illustrated in fig. 68. 
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Fig. 68 Throughput smoothing principle 

Processes have variable throughputs with minimum process throughput 
minP

rsTP  and maximum process throughput maxP
rsTP  on a tons per hour ba-

sis 5},{ PIsr ∈∀ . Minimum and maximum process throughputs bound the 
process quantity as illustrated in fig. 69. 
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Fig. 69 Minimum and maximum process throughput 

Variable production costs Pvpc
rsc  are related to process quantity on a value 

per ton basis in resource-specific currency 5},{ PIsr ∈∀ . 
Resource value fixed production costs Pfpc

rc , Rr ∈∀  in the resource-
specific currency are input data not decision-relevant for optimization, but 
being used in order to calculate earnings before tax profits. Production 
fixed costs include the value depreciation of the resource, shift personnel 
costs and other fixed production-related cost blocks. 
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Output product quantities are bounded by minimum output share factors 
minPopt

rspa  and maximum output share factors maxPopt
rspa  measured as percent-

age of the total process quantity 8},,{ PIpsr ∈∀ . 
Input product quantities like raw material consumption rates can be 

variable depending on utilization of the resource. Input product quantities 
are determined by linear recipe function with the recipe factors Pipt

rspa  and 
Pipt
rspb  on a tons per hour basis 11},,{ PIpsr ∈∀ . This is a key issue of the 

production and the entire supply model including procurement is to decide 
on the variable raw material consumption rates in production. Both pro-
duction and procurement planning are highly interrelated, i.e. high produc-
tion rates determine the amount of raw material that has to be supplied. In 
the overall context of value chain optimization, production rates have to 
comply with decisions reflected by the sales model e.g. on spot sales quan-
tities and prices. 

In the following, the basic principle of the flexible recipes is presented. 
To keep the explanations simple, we consider only one single type of end 
product that is produced from one single raw material on one resource at a 
specific location during a given period. Required are the maximum process 
throughput of the resource measured in tons of output per hour and the in-
put of raw material and output of finished products, respectively. In many 
types of chemical mass production, raw material consumption depends on 
the utilization rate of the equipment employed. Hence, linear recipe func-
tions can be derived, which indicate the input of raw material required to 
produce the desired amount of output. 

Table 28 shows a numerical example to derive linear recipe functions. 
Utilization rates (U) are given in steps of 20% assuming that all rates are 
used with equal probability. Maximum process utilization is given at 60 
tons per hour. The next two rows indicate pairs of input and output quanti-
ties for each utilization rate. These figures can be derived from the techno-
logical parameters of the production equipment. The recipe factor is de-
fined as the ratio of input to output quantities. Note that recipe factors only 
refer to the main raw material and do not include other input materials. 
This explains the value of the recipe factor of less than 1.0 for U = 20%. 
Finally, linear regression is applied with respect to the recipe factors. As a 
result, a variable consumption factor of a = 1.29 and a constant factor of 
b = -5.7 is obtained based on the given utilization rates and the underlying 
technological parameters. 
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Table 28 Recipe function example 

Process utilization  Unit 20% 40% 60% 80% 100% 
Maximum process throughput [t/h] 60 60 60 60 60 
Process output quantity [t/h] 12 24 36 48 60 
Process input quantity [t/h] 10 25 41 56 72 
Recipe factor  
(process input /process quantity)  

[#] 0.83 1.04 1.14 1.17 1.20 

Linear recipe function regression  7.529.1 −⋅= Pprocess
rst

Pipt
rspt xx  

7.5,29.1 −== Pipt
rsp

Pipt
rsp ba , 

R2=1.00 

The recipe function factors depend on the process utilization comparing 
process quantity with maximum process throughput. Pipt

rspb  is 0, if the rec-
ipe is static and does not change with process utilization. Otherwise the 
recipe factor increases with increasing process utilization. The example is 
also illustrated in fig. 70 and compared with a static recipe. 
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Fig. 70 Static recipe and linear recipe function 

Linear recipe functions are one form found in industry. Of course, other 
forms of recipe functions are possible depending on the consumption pat-
tern analyzed for a specific process. Variable recipe functions have critical 
importance in value chain planning and for the profitability, since in-
creased raw material consumption rates can squeeze assumed profitability 
thanks to high sales volumes due to higher raw material consumption 
costs. 

Campaigns are controlled through a resource-specific maximum number 
of campaigns Max

rC , Rr ∈∀ . Maximum number of campaigns is set in 
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industry practice based on planner experience. For example commodity 
production tends to have fewer campaigns per month due to long campaign 
run times and change-over times. In this case, three maximum campaigns 
per month and resource comprising two finished product campaigns and 
one change-over campaign are defined. Campaign run-time is bounded 
with minimum and maximum campaign hours minP

rgH  and maxP
rgH  per pe-

riod measured in hours 6},{ PIgr ∈∀ . Change-overs can have additional 
change-over costs next to the production fixed costs that already include 
shifts responsible for cleaning the resource and campaign changes. 
Change-over costs Pcc

grgc
21

, 14
21 },,{ PIggr ∈∀  are applied to the specified 

change requiring additional cleaning activities not covered by production 
fixed costs. 

While production control parameters are relatively stable, reviewed and 
updated every three or six months, production input data are monthly up-
dated. 

Production Input Data 

Production input data information is within the responsibility of the pro-
duction team in the plant. Main input data is the available production ca-
pacity of the resource P

rtC , Rr ∈∀ , Tt ∈  measured in tons in a respec-
tive month. Capacity volume refers to the best process on the resource with 
the highest maximum throughput. This convention is required since multi-
purpose resources can run different processes with a different maximum 
throughput. In addition, capacity volume can be influenced by climate 
conditions: Process throughputs can be different in summer compared to 
winter terms since weather-related parameters such as humidity and tem-
perature can impact production and reaction conditions leading to different 
throughputs. Thirdly, the capacity volume is a commitment of production 
on how much to produce. Therefore, the production management is re-
sponsible for capacity achievements, process stability and product quality. 
So, capacity has also a management objective and responsibility aspect. 

Planned shut-down hours Pshut
rtH , Rr ∈∀ , Tt ∈  measured in hours re-

late to planned maintenance shut-downs occurring in regular yearly cycles 
and can take days or weeks. The idle status of the resource and the re-
quired change-over towards and back from the idle status has to be 
planned. 

The initial process group 
1rtg , Rr ∈∀ , Tt ∈1  is the final input data 

having to be known in order to decide the resource’s start-campaign in the 
first planning period. 
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5.6.2 Production Variables, Preprocessing and Constraints 

Production Decision Variables 

Production planning needs to decide production time and volumes as well 
as campaign sequence and change-overs. 

The production process hours Pprocess
rsth , 5{ , } Pr s I∀ ∈  determine the dura-

tion of production process measured in hours. Process group hours Pgroup
rgth , 

6{ , } Pr g I∀ ∈ , t T∈  represents the duration of a process group composed 
of one or multiple processes. 

Production quantities are differentiated in process, input and output 
quantities. The process quantity Pprocess

rstx , 5{ , } Pr s I∀ ∈ , t T∈  is determined 
by process hours and throughput. Variable production costs varP

rstv , 
5{ , } Pr s I∀ ∈ , t T∈  depend on the process quantity. The sum of all process 

quantities on a resource is the resource quantity Presource
rtx , r R∀ ∈ , t T∈ . 

The process quantity is split on one or multiple output products with 
their output quantities Popt

rsptx , 8{ , , } Pr s p I∀ ∈ , t T∈ . The total production 
quantity by location is aggregated by prodP

pltx , 10},{ PIlp ∈∀ , Tt ∈ . 
The process quantity requires input quantities from one or multiple raw 

materials or intermediate products Pipt
rsptx , 11},,{ PIpsr ∈∀ , Tt ∈ . The to-

tal input quantity by location is the secondary demand demP
pltx sec , 

13},{ PIlp ∈∀ , Tt ∈ . 
Campaign and change-over decisions require several binary variables to 

decide, which process groups run on which campaign. The binary variable 
Pgroup
rgtα  decides if a process group is active or not 6},{ PIgr ∈∀ , Tt ∈ . 

In analogy, the binary variable Pcamp
rctα  decides if a campaign is active or 

not Rr ∈∀ , Cc ∈ , Tt ∈ . The campaign mode eP
rgct

modα , 6},{ PIgr ∈∀ , 
Cc ∈ , Tt ∈  matches active process groups with active campaigns and 

uniquely assigns a process group to a campaign. 
Change-over decisions with discrete planning buckets require deciding 

the ending campaign of a period becoming the starting campaign of the 
following period. The problem of campaign planning in time-indexed 
models is also addressed by Sürie (Sürie 2005a; Sürie 2005b). The binary 
variable Pend

rgtα̂  decides, if a process group is on the ending campaign or 
not 6},{ PIgr ∈∀ , Tt ∈ . The binary change-over variable Pchange

tccgrg 2121
γ , 

14
21 },,{ PIggr ∈∀ , 15

21 },,{ PIccr ∈ , Tt ∈  decides if a change-over be-
tween process groups and campaigns takes place or not in the respective 
period. Related change-over costs Pchange

tgrgv
21

 are calculated 
14

21 },,{ PIggr ∈∀ , Tt ∈ . 

Production Preprocessing 

Two parameters are calculated in a preprocessing step based on input and 
control data to simplify model constraints. maxPbas

rTP  is the maximum 
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throughput basis Rr ∈∀ , determined by comparing all processes on the 
resource and identifying the maximum throughput out of them. 

}{max max
},{

max
5

P
rsIsr

Pbas
r TPTP P∈

=  Rr ∈∀  (77)

The period-specific throughput share P
rttp  Rr ∈∀ , Tt ∈  is the capac-

ity volume normed on the available period time deducted by shut-down 
hours in relation to the maximum throughput basis. 

maxPbas
r

PShut
rtt

P
rt

P
rt TP

Hh
C

tp −=  Rr ∈∀ , Tt ∈  

(78)

The throughput share will be later applied on all processes running on 
the resource, assuming that a higher throughput share compared to the 
maximum throughput basis impacts all processes on the resource. For ex-
ample, higher throughputs in winter compared to summer apply to the best 
process but also to all other processes with lower throughput. 

Production Constraints 

Production constraints apply to resource, process and process group con-
trol data and model campaign and change-over planning. Initial constraints 
are related to production processes and planning of process times and 
quantities. 

The sum of all process hours needs to fill the entire period and must be 
equal to the period hours. 

t
Isr

Pprocess
rst hh

P

=∑
∈ 5},{

 Rr ∈∀ , Tt ∈  (79)

The process quantity ranges between minimum and maximum through-
puts multiplied with the production time for the specific period. Minimum 
and maximum throughput boundaries are multiplied with the period-
specific throughput share in order to reflect period-specific higher or lower 
throughput levels. 

Pprocess
rst

P
rt

P
rs

Pprocess
rst

Pprocess
rst

P
rt

P
rs htpTPxhtpTP ⋅⋅≤≤⋅⋅ maxmin  

5},{ PIsr ∈∀ , Tt ∈  

(80) 

Variable production costs for a process are equal to process quantity 
multiplied by variable production cost rate per ton. 
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Pprocess
rst

Pvpc
rs

P
rst xcv ⋅=var  5},{ PIsr ∈∀ , Tt ∈  (81)

Monthly variable production costs sum up all variable production costs 
across all processes and resources evaluated with the resource exchange 
rate factor. 

∑
∈

⋅=
5},{

var

PIsr

R
rt

P
rst

Pvpc
t vv χ  Tt ∈∀  (82)

The resource quantity is the sum of all process quantities on the re-
source. 

∑
∈

=
5},{

PrPr

PIsr

s
rstrt xx  Rr ∈∀ , Tt ∈  (83)

Resource quantity divided by capacity volume has to comply with 
minimum and maximum utilization boundaries. 

maxmin P
rP

rt

resourceP
rtP

r U
C

xU ≤≤  Rr ∈∀ , Tt ∈  
(84)

Throughput smoothing requires the normed resource quantity per day 
having to be within throughput variance boundaries related to the resource 
quantity of the previous period if no shut-down is scheduled in current and 
previous period. 
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(85) 

Process quantity is the basis to determine input and output product 
quantities. Process output product quantity has range between the output 
minimum and maximum share of the product related to the process quan-
tity. 

Pprocess
rst

Popt
rsp

Popt
rspt

Pprocess
rst

Popt
rsp xaxxa ⋅≤≤⋅ maxmin  

8},,{ PIpsr ∈∀ , 5},{ PIsr ∈ , Tt ∈  

(86)

The process output product quantities of all output products have to be 
equal to the total process quantity to ensure mass equality between process 
quantity and output products quantities. 
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∑
∈

=
8},,{

5

PIpsr

Popt
rspt

P
rst xx  5},{ PIsr ∈∀ , Tt ∈  (87)

Output product quantity by location and product is the sum of all output 
production quantities across all resources and processes. 

∑
∈

=
9},,,{ PIpslr

Popt
rspt

rodPp
plt xx  10},{ PIlp ∈∀ , Tt ∈  (88)

Input product quantities are calculated based on the linear recipe func-
tion with the parameters Pipt

rspa  and Pipt
rspb  on a tons per day basis. 

)()( Pprocess
rst

ipt
rsp

Pprocess
rst

Pipt
rsp

Pipt
rspt hbxax ⋅+⋅=  

11},,{ PIpsr ∈∀ , 5},{ PIsr ∈ , Tt ∈  

(89) 

Product input quantities for single processes are aggregated to secon-
dary demand quantity for an entire production location. 

∑
∈

=
12},,,{

sec

PIpslr

Pipt
rspt

demP
plt xx  13},{ PIlp ∈∀ , Tt ∈  (90)

Production constraints will be complete only considering input and out-
put volumes and processes. However, campaign and change-over planning 
require additional constraints. Campaign and change-over planning is done 
on an aggregated process group level grouping different processes lacking 
change-over time and material losses if changed mutually. Process groups 
hence can reduce the number of campaign decisions. Nevertheless, process 
groups need to be linked to the planned processes. This is ensured by the 
next constraint, in which the process group hours have to be equal to the 
sum of process hours within the process group. 

∑
∈

=
7},,{ PIgsr

Pprocess
rst

Pgroup
rgt hh  6},{ PIgr ∈∀ , Tt ∈  (91)

The process group hours range between minimum and maximum cam-
paign hours, if a process group is active. This constraint bounds the run 
time of campaigns per period and activates the process group, if related 
processes have got a positive run time. 

maxmin P
rg

Pgroup
rgt

Pgroup
rgt

P
rg

Pgroup
rgt HhH ⋅≤≤⋅ αα 6},{ PIgr ∈∀ , Tt ∈  (92)

Scheduled shut down hours have be covered by process group time of 
the idle process group. 
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{ } 6, ,P PIdle

Pshut Pgroup
rt rgt

r g I g G

H h
∈ ∈

≤ ∑  r R∀ ∈ , t T∈  (93)

Subsequently, active process groups are linked with active campaigns 
via active campaign modes as basis for change-over decisions as illustrated 
in fig. 71 
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Fig. 71 Campaign and change-over planning example 

In the following, the change-over and campaign planning constraints are 
detailed further. A process group is active, if a respective campaign mode 
is active. 

∑
≤∈

=
Max
rCcCc

eP
rgct

Pgroup
rgt

:

modαα  6},{ PIgr ∈∀ , Tt ∈  (94)

A campaign is active, if a respective campaign mode is active. Cam-
paigns are bounded resource-specific by the maximum number of cam-
paigns for the resource. 

∑
∈

=
6},{

mod

PIgr

eP
rgct

Pcamp
rct αα  Max

rCcCc ≤∈∀ : , Tt ∈  (95)

The campaign mode for the starting process group 
1rtg  is active in the 

first period and first campaign to ensure that 
1rtg  is the starting campaign 

for campaign planning. 
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1mod
1 11

=eP
trgrt

α  6},{ PIgr ∈∀  (96)

The sum of active campaigns must be equal to the sum of active process 
groups; both cannot exceed the maximum number of campaigns defined 
for the resources per month. 

Max
r

Igr

Pgroup
rgt

CcCc

Pcamp
rct C

PMax
r

≤= ∑∑
∈≤∈ 6},{:

αα  Rr ∈∀ , Tt ∈  (97)

Inactive campaigns are sorted to the end in order to reach an ascending 
order of active campaigns. 

Pcamp
trc

Pcamp
trc 12

αα ≤  15
21 },,{ PIccr ∈∀ , Tt ∈  (98)

A change-over variable is set to 1, if campaign modes for first and sec-
ond process groups and the respective ordered campaigns both are active. 

Pchange
tccgrg

eP
tcrg

eP
tcrg

Pchange
tccgrg 212122112121

1modmod γααγ +≤+≤  
14

21 },,{ PIggr ∈∀ , 15
21 },,{ PIccr ∈ , Tt ∈  

(99)

Process groups without valid change-overs cannot have active campaign 
modes when following directly one after another. 

1modmod
1122

≤+ eP
tcrg

eP
tcrg αα  
14

21 },,{ PIggr ∉∀ , 15
21 },,{ PIccr ∈ , Tt ∈  

(100) 

It is assumed that only one change-over is possible for every process 
group combination per period. This assumption is valid for commodity 
production, where products are not produced multiple times in different 
campaigns within the same period. 

1
14

21

2121
},,{

≤∑
∈ PIggr

Pchange
tccgrgγ ,  15

21 },,{ PIccr ∈∀ , Tt ∈  (101)

Same constraint logic applies to the campaigns: Only one change-over 
at the most is possible for campaign combinations in one period. 

1
15

21

2121
},,{

≤∑
∈ PIccr

Pchange
tccgrgγ  14

21 },,{ PIggr ∈∀ , Tt ∈  (102)

In order to ensure campaign planning across periods, the process group 
being the end campaign of the period has to be determined. 
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Exact in one process group is the ending campaign of a period. 
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It is assumed that change-over proces s groups should not be ending 
campaigns, meaning that change-overs are realized during the period, not 
at the end. This assumption has a practical motivation, since the production 
organization at the end of a month focuses on accurate production account-
ing for the respective month. Change-overs are avoided if possible during 
this period to not disturb volume and value accuracy in accounting. 

0ˆ =Pend
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The ending campaign of the previous period is the starting campaign of 
the next period with an active campaign mode. 
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Change-over costs evaluate the change-overs with the related change-
over cost rates. 
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The change-over costs are summed across all change-overs in the basis 
currency as basis for the objective function. 

R
rt

Iggr

Pchange
tgrg

Pcc
t

P

vv χ⋅= ∑
∈ ,},,{ 14

21

21
 Tt ∈∀  (108)

5.6.3 Production Indicator Postprocessing 

Production indicators focus on production utilization and throughput levels 
in order to indicate how capital-intensive resources with high fixed costs 
are utilized. 

The production utilization level is defined as the total produced quantity 
divided by the maximum possible production quantity with the given proc-
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esses on the resource across all resources. The production utilization level 
provides an overall utilization picture to the planner. 
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Utilization is defined from the sales perspective to indicate further pro-
duction quantities available to be sold to the market. Products with lower 
throughputs than the maximum throughput consequently should not reduce 
utilization if they are run at their highest maximum throughput level. For 
detailed analysis, utilization is also defined resource- and period-specific. 
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The throughput level reflects the usage of the full throughput potential 
of the resource. Resource quantities are related to the capacity volume with 
the best throughput as a base line. 
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Final aspects of value planning are production fixed costs. Production 
fixed costs are not planning-decision relevant but rather used in value plan-
ning to calculate the profit III. Hence, monthly production fixed costs per 
resource Pfpc

rc  are consolidated on the base currency in a postprocessing 
phase. 
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The monthly production fixed costs in base currency are withdrawn 
from profit II as shown in eq. 2.

5.7 Procurement Planning 

The procurement planning model part needs to meet the requirements to 
distinguish spot and contract procurement planning including volumes and 
values integrated in the overall value chain planning. 
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5.7.1 Procurement Index Sets, Control and Input Data 

Procurement planning is based on the index set of procurement locations 
1Bl I∈  and the product-procurement location combinations 2{ , } Bp l I∀ ∈ . 

Procurement is also differentiated into spot and contract: Bc
pltq  and Bc

pltc  are 
monthly procurement contract offer quantities and cost rates, Bs

pltq  and Bs
pltc  

are the respective spot offers 2{ , } Bp l I∀ ∈ , t T∈ . While contract pro-
curement has to be executed as agreed, spot procurement is flexible de-
fined by minimum and maximum quantity share boundaries minB s

plR  and 
maxB s

plR  2{ , } Bp l I∀ ∈ . 

5.7.2 Procurement Variables and Constraints 

The company decides spot procurement quantities Bs
pltx , the sum of contract 

and spot procurements forms the total procurement total quantity B
pltx  

2{ , } Bp l I∀ ∈ . Applying the offer cost rates leads to total procurement costs 
B
pltv  in the location currency 2{ , } Bp l I∀ ∈ . Procurement input and control 

data are illustrated in fig. 72. 
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Fig. 72 Procurement planning 

Procurement constraints bound the spot procurement quantities and calcu-
late total quantities and costs. The total spot procurement quantity is lim-
ited between the minimum and maximum boundaries applying mini-
mum/maximum shares to the offered quantity. 
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Total procurement volume is the sum of spot and contract procurement 
quantities. 

B Bs Bc
plt plt pltx x q= +  2{ , } Bp l I∀ ∈ , t T∈  (114)

Total procurement costs are the sum of spot and contract procurement 
costs. 
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Finally, procurement costs are summed for all procured products and 
procurement locations applying the respective location exchange rate fac-
tors. 
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5.7.3 Procurement Indicator Postprocessing  

The procurement level BPL  indicates how much of the total offered quan-
tity is actually procured.  
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Procurement planning is kept rather simple. However, procurement de-
cisions have key influences on the overall value chain planning as investi-
gated among other things in the following case study evaluation.

5.8 Conclusions 

The developed value chain planning model is very comprehensive with its 
model basis, value, sales, distribution, production and procurement part. 
The comprehensiveness of the model is a logical consequence of the com-
prehensiveness of value chain planning requirements based on industry 
case and literature analysis. Conclusions: 



5.8 Conclusions      195 

 

• objective to reach a global optimum in the value chain instead of local 
optima requires more comprehensive integrated optimization models 

• good model design is required to prevent long solution times and han-
dling of infeasibility including 
- creation of relevant index sets to keep the number of constraints and 

variables minimized to the relevant cases 
- piecewise linear turnover approximation as alternative to exact quad-

ratic optimization 
- block planning in production based on process groups and limiting of 

maximum campaigns to reduce number of integer variables 
- overall few use of integer variables 
- model-specific relaxation concept to support the planner to easily 

identifying areas of infeasibility 

Model implementation and case study evaluation need to prove that the 
model supports value chain planning decisions towards global optima that 
the model is applicable in practice based in industry case data and that so-
lution times are acceptable for application in the global monthly planning 
process. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

6 Model Implementation and Case Study Evaluation 

The model is implemented and evaluated with an industry case. The tech-
nical implementation is described first. Then, the industry case is intro-
duced and model-relevant case data are presented. Model reaction tests are 
conducted for various industry case data sets to analyze model applicabil-
ity, sensitivity and model planning results. Model performance tests are 
conducted to analyze technical parameters such as solution time or ap-
proximation methods quality. The case evaluation inspired several model 
extension possibilities presented at the end of the chapter. 

6.1 Model Implementation 

The model is implemented by means of the optimization software ILOG 
OPL Studio 3.71® using the optimization algorithms in ILOG CPLEX 9.1® 
and the database Microsoft Access 2003® on a personal computer with an 
Intel Pentium 4® processor, 1,598 Mhz and 256 MB RAM. The optimiza-
tion software ILOG supports to solve optimization problems of different 
types such as LP, MILP and CP (Heisig/Minner 1999, p. 419; Skiscim 
2001) and provides with Optimization Programming Language (OPL) a 
dedicated language to model optimization problems (van Henten-
ryck/Michel 2002). 

The system architecture to implement the optimization model is com-
posed by a database part including also a user interface and the optimiza-
tion system comprising the optimization model, applied algorithms and in-
terfaces to the database. The architecture has to be sufficient to handle 
comprehensive industry case data and a user friendly one to support the 
planner in managing data and analyzing results for decision support. The 
system architecture is illustrated in fig. 73 
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Fig. 73 Optimization model system architecture 

Microsoft Access 2003® serves as database system and provides the plan-
ner with the user interface. 

• User interface: planners’ interface to the system to manage input and 
control data, define model control parameters and scenarios, start the 
optimization and to analyze optimization results and indicators in graphs 
and dynamic reports. 

• Database: central point for all input and control data like optimization 
results with 50 tables, related queries and user interface forms. 

ILOG OPL Studio 3.71® hosts the optimization model and provides 
separated scripts for preprocessing and postprocessing calculations as well 
as database interface management. 

• Model control: this main script controls the database interface, pre- and 
postprocessing calculations and steers the optimization model. Model 
results specifically feasibility, relaxation and infeasibility are handled 
here. 

• Database interface: three scripts form the database interface. Two of 
them include reading and writing procedures between optimization sys-
tem and database. Data structures used by the optimization system and 
by the database are defined within a third script. 

• Optimization model: decision variables, objective functions and con-
straints are defined in the optimization model. 

• Optimization algorithms: optimization algorithms are integral part of the 
optimization system running in the background. Once the optimization 
model is started, optimization algorithms like SIMPLEX or Branch & 
Bound are automatically applied to solve the model. 
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The optimization system architecture is supporting the planner to con-
duct the planning activities integrated within the required monthly value 
chain planning process as defined in section 4.1.2. 

Input data like demand, procurement offers, starting inventories and 
shipments as well as production capacities gathered in the first half of the 
planning process are entered or uploaded automatically into the database. 

Then, the basis plan is calculated using the optimization system. The 
planner optionally calculates alternative plans when confronted with alter-
native input data scenarios or applying different control parameter scenar-
ios. 

After that, optimization results are then analyzed and compared in prac-
tice with manual plans, the planner is responsible for. In addition, optimi-
zation results reports are prepared for the different stakeholders within the 
value chain like as sales and marketing, controlling, production and pro-
curement to present results and support management decisions. 

The user interface is a critical element for planners’ and planning stake-
holders’ acceptance of a planning system. The developed main user inter-
face is structured  

• vertically into input and control data vs. optimization results and  
• horizontally into a model header to interactively set model control pa-

rameters and display model result indicators and the value chain areas’ 
sales, distribution production and procurement as shown in fig. 74. 
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Fig. 74 Optimization model system user interface 
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User interface objective is to provide direct access to all data and results 
and to support interactive definition of model control data as well as analy-
sis of key indicators. Specifically, the model control parameters can be set 
interactively. The most important parameters shown on the left side of the 
screen header are: 

• ModelID: model name to keep various plan versions separated.b 
• Active: activates a defined model; only one active model at a time can 

be solved. Optimization results are filtered for active models. 
• Area: definition of a model area allowing the planner to optimize the 

value chain as a whole or defined sub-models focusing on parts of the 
value chain like separated products or separated resources. 

• Starting period and ending period: flexible definition of the planning 
horizon with starting and ending period within the defined like a month. 

• Currency: basis planning currency for consolidating all values on same 
basis. 

• Add pqp: number of additional partial quantity points applied in piece-
wise linear turnover approximation. 

• Relative and absolute MIP gap: mixed integer programming parameter 
for controlling optimization accuracy e.g. MIP gap of 1% leads to an al-
gorithm stop, if the objective value cannot be improved within a toler-
ance interval of 1%. 

• Time and memory limit: parameters to limit the solution time and sys-
tem memory used. 

Key planning result indicators are displayed on the right side of the 
header, including 

• objective value z  and net present value NPV of discounted earnings be-
fore tax level (NPV) to evaluate overall value results 

• the value-added level SVA  (VAL) 
• solution time, constraints and variables for model performance evalua-

tion 
• sales level (SL) SSL , inventory level (IL) IIL , production utilization 

level (UL) PUL , procurement level (PL) BPL to evaluate overall volume 
results 

The model result indicators support the planner in directly comparing 
plans on a top level to identify areas for a more detailed analysis. 

The optimization system is sufficient for the purpose of model evalua-
tion and testing. In practice, such stand-alone systems often serve as a pilot
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to prepare implementation of integrated advanced planning systems (APS) 
into which optimization models can be integrated. APS ensure integration 
into transaction systems to access actual inventories, resource data or cost 
information directly. In addition, they are network-capable and globally 
accessible, a crucial requirement especially in global planning with glob-
ally distributed sales and marketing staff contributing own input and mar-
ket know-how to it. 

An APS project requires similar activities like stand-alone optimization 
systems do, especially the preparation of required basis data and the test 
and evaluation of optimization models with real industry case data, which 
is done in the following. 

6.2 Case Study Evaluation 

The model is evaluated based on an industry case study in order to  

• test the model in industry practice against value chain planning require-
ments  

• evaluate model reactions and value chain planning results by volume 
and values given also different planning scenarios 

• specifically evaluate the technical model performance with respect to 
solution times and accuracy of results 

6.2.1 Case Study Overview 

The case is provided by a globally operating company producing chemical 
commodities with annual production volumes exceeding 1 Mio. tons who 
intents to use the global value chain planning model in their global 
monthly sales and operations planning process for a planning horizon of 6 
to 12 months. The model should also help the planners to better understand 
the dynamics between the key steps in this value chain network: the profit 
of a complex value chain network being determined by few parameters: 
raw material and sales prices and volumes as well as critical bottleneck 
steps in the network. Therefore, besides in planning, the model is also used 
for training purpose to show the planners the impact these parameters have 
on the value chain profit.  

The industry case matches the chemical industry characteristics in the 
scope defined in subchapter 3.1 specifically 

• Spot and contract business is an important business differentiation in the 
case  
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• The company faces monthly sales and raw material price and volume 
volatility and operates a global distribution network 

• The entire production system is organized as a global multi-stage net-
work with multi-purpose and continuously operated production re-
sources 

• Raw material consumption rates in production are variable depending 
on the degree of capacity utilization 

The global value chain network structures introduced in chapter 3 with 
sales, distribution, production and procurement locations as well as the 
transportation network matches the case. Now, the considered production 
resources are introduced in more detail. Production resources are either 
continuous or multi-purpose campaign production resources (see also fig. 
29): continuous production resources produce one single intermediate 
product on a dedicated resource in continuous production mode, while 
campaign production resources produce multiple products on the same re-
source requiring change-overs between processes. The optimization is 
tested with an excerpt of the entire company’s global value chain network 
with selected continuous and campaign production resources at four global 
production locations (see fig. 75). 

=Continuous product model = Campaign product model

Location 1

Location 2

Location 3

Location 4

= Global Model

Continuous production resources Campaign production resources

= Material flow
Legend:

= Campaign resource= Continuous resource  

Fig. 75 Production resource structures 
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Continuous production resources in the location 2, location 3 and location 
4 produce the same products that can be exchanged between these loca-
tions e.g. in case of shut-downs or shortage situations in a specific market. 
The continuous production resources supply the subsequent campaign re-
sources. It is also possible to sell intermediate products to the market in-
stead of using it for own campaign production. For example location 3 has 
one continuous resource not supplying campaign resources since products 
produced here are exclusively sold to the market. 

Three model areas can be distinguished. Model areas allow defining 
separated areas in the value chain network to be optimized separately. 
Model areas can be defined by clustered resources and/or products that 
have clear interfaces. Defining model area eases the implementation of a 
comprehensive value chain planning optimization model for a complex 
value chain network: the optimization model can be tested for parts of the 
value chain network with limited data complexity before extending the 
model to the entire network. Three model areas are defined in the industry 
case study: 

• Continuous product model (Cont.): model area clustering continuous 
production resources and dedicated products with a clear interface to the 
subsequent campaign resources based on captive demands; model area 
focus is on balancing raw material consumption and costs, production 
utilization with volatile and flexible sales. 

• Campaign product model (Camp.): model area clustering selected cam-
paign resources with a clear interface to continuous production re-
sources based on captive supply data; model area focuses on campaign 
planning and change-overs. 

• Global model: integrated model including the entire value chain with 
continuous and campaign production resources. 

The model areas have the advantage to build up and test models step by 
step in order to integrate sub-segments into an end-to-end model. The two 
model areas Continuous product model and Campaign product model are 
evaluated applying the developed planning model. The model scale driven 
is shown in table 29 or the two model areas investigated of the Continuous 
product model and Campaign product model, serving as basis for imple-
menting the Global model, which is not presented in this work. 
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Table 29 Industry case study scale 

Indices and index combinations Unit Continuous Campaign 
Products [#] 9 13 
Locations [#] 24 9 
Product-location combinations [#] 71 62 
Transportation lanes [#] 34 10 
Transportation lane-product combinations [#] 67 49 
Production resources [#] 14 3 
Production processes [#] 15 23 
Production process groups [#] 15 14 
Maximum campaigns per period and resource [#] 1 3 
Periods [#] 12 12 
Legend: # = number of elements 

The model areas have limited complexity considering single indices such 
as products or resources. Complexity increases combining basis indices 
like transportation lanes and products. A planning horizon of 12 periods 
will lead later to optimization models with more than 10,000 decision vari-
ables already for this limited scope. 

Model Evaluation Overview 

The model is evaluated by means of provided case test data. Industry case 
data are modified by values and selected volume parameters for confiden-
tiality reasons, Therefore, optimization results will not match directly with 
the actual business. However, the provided data are realistic in order to test 
sensitivity of the model and to compare model reactions applying different 
scenarios. Two test types are conducted: 

• Model reaction tests focusing on volume and value results 
• Model performance tests focusing on solution time and accuracy of re-

sults 
The design of model reaction tests follows a set of ideas: 

• Model reaction tests focus on analyzing optimization value chain plan-
ning results and interpreting the impact of single model parameters on 
the overall results. 

• The experiments always compare the overall profit with the volume in-
dices in sales, distribution, production and procurement in order to com-
pare volume and value results and showing interdependencies 

• The experiments cover all areas of the value chain in sales, distribution, 
production and procurement to demonstrate the influence of a single 
value chain area on the overall value chain performance 
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• In each experiment, different scenarios for one parameter are executed 
to measure the impact on overall profit and the key volume indices 

• The parameters modified in each tests are either value or volume pa-
rameters with both having impact in the overall volume and value situa-
tion in the value chain. The parameters modified are perceived as key 
parameters in value chain planning, planners are confronted with. 

Model reaction tests also demonstrate the applicability of the model in 
an industry context based on real industry case data. 

Model performance tests focus on technical aspects of the model: 

• Is the model solution time in an industry case data environment accept-
able for the planners and in the planning process? Given the influence of 
integer variables on solution time, integer values for production change-
over parameters are modified to measure the impact on solution times. 

• Are the model results accurate enough considering the piecewise linear 
approximation methods developed? Here, piecewise linear approxima-
tion accuracy is modified with additional points added in the approxima-
tion and result accuracy as well as model run time compared. 

Table 30 provides an overview of the different evaluation experiments 
conducted by model area and the respective test types. 

Table 30 Model evaluation experiment overview 

Area Evaluation experiment Cont. Camp. R. P. 
Basis Basis plan      
Values Exchange rate scenarios     
Sales Sales price scenarios     
 Sales flexibility scenarios     
 Elasticity scenario evaluation     
Distribution Inventory flexibility scenarios     
 Transportation time scenarios     
Production Production variance scenarios     
 Minimum utilization scenarios     
 Recipe function scenarios     
 Minimum campaign time scenarios     
 Maximum campaign scenarios     
Procurement Procurement price scenarios     
Legend:  Cont. = Continuous product model, Camp. = Campaign product model, 
R. = Reaction test, P. = Performance tests,  = related model area and test type  

Basis plan evaluation presents the optimization results of the provided test 
data: the value plan and the sales, distribution, production and procurement 
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volume plan in an overview. Results of the future inventory value planning 
are specifically evaluated and the developed elasticity analysis algorithm 
based on provided demand data as well as present campaign planning re-
sults is tested. Subsequently, several what-if-scenario experiments are de-
fined by value chain area, where input or control data scenarios are evalu-
ated to test model reaction and performance. 

6.2.2 Basis Plan Evaluation 

The basis plan evaluation analyzes optimization volumes and value results 
across the considered planning horizon of 12 periods. First, solution times 
for the continuous products and the campaign problem are shown in table 
31. 

Table 31 Basis plan solution times 

Parameters Unit Continuous Campaign 
Constraints [#] 12,745 14,785 
Variables [#] 14,799 15,723 
Iterations [#] 1,003 5,066 
Run time  [sec] 5.41 23.98 

Solution times are sufficiently fast to be applied in tactical planning where 
no real time response times are required. Secondly, value results are pre-
sented. All value results are indexed focusing on comparing results and to 
ensure confidentiality of industry data. Initially, the value plan with total 
profits and single values in sales, distribution, production and procurement 
is analyzed. 

• The considered profit is based on the profit III on the earnings before 
tax and on a monthly level as shown in 2 

• The sales value index represents spot and contract sales net turnovers. 
• The distribution cost index combines variable transportation and ware-

housing costs as well as capital costs for local and transit inventories. 
• The production cost index combines variable and fixed production costs. 
• The procurement cost index combines spot and contract procurement 

costs. 

Indices reflect the relations of profit, turnover and costs on a normed, 
sanitized basis in order to focus on relations between value parameters in-
stead of absolute figures.  

Fig. 76 shows the total profit index as bar column related to the left ver-
tical axis. The profit index indicates the planned profit per period over the 
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planning horizon of 12 months. Compared to this top value indicator, the 
detailed turnover and costs indicators are shown as lines with markers re-
lated to the right vertical axis. The detailed value indicators are presented 
in line with the value chain structure starting with the sales turnover index 
and continuing with cost indices in distribution, production and procure-
ment. 
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Fig. 76 Basis value plan 

The initial view on total values reveals the characteristics of a commodity 
value chain introduced in the work’s motivation (see fig. 1): profits are 
monthly volatile as it can be seen in fig. 76. 

Secondly, the profit volatility is mainly driven by sales and procurement 
value volatility and the respective ratio of sales turnover to procurement 
costs. The higher the ratio of sales turnover to procurement costs, the bet-
ter the respective profit index. 

In consideration of total values across the entire value chain, the impor-
tance of the single value chain steps gets transparent. In proportion, man-
agement of sales and procurement values are much more important to the 
company’s overall profitability than managing the distribution and produc-
tion costs. In this case, production and distribution costs are relatively sta-
ble. Since related cost parameters are stable, consequently distribution and 
production volumes should remain on a relatively constant level. 

The underlying volumes are analyzed in the following. Sales volumes – 
spot and contract – are near to demand. It is assumed that spot sales are 
lower or equal to the spot demand. Consequently, underlying sales prices 
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are sufficiently high compared to supply costs, since all businesses are 
nearly fulfilled as it can be seen in fig. 77. 
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Fig. 77 Sales volume plan 

Sales volumes by period follow the same pattern as sales turnover does 
with a peak in the middle periods. In conclusion, the overall demand vol-
ume and prices are sufficiently attractive to be served. 

Distribution quantities cover transportation, transit and local inventories. 
Transportation quantities result from the overall material balances and in-
dices follow a certain corridor as shown in fig. 78. 
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Fig. 78 Transportation and transit inventory volume plan 

Transit inventories for transcontinental shipments increase during the first 
periods and drop at the end of the planning horizons. The increase at the 
beginning results from lower actual shipments in the starting periods and 
the time lag to build up the “pipeline flow” of transit inventories on the 
vessels. The transit inventory dropping at the end is caused by the plan cut 
with missing sales quantities after period 12. Since planning focus lies on 
the first six to nine months in practice, this inaccuracy at the end is accept-
able from a value chain planning perspective. 

Inventories in the first months are relatively high compared to the 
minimum inventory index due to higher actual inventories at the beginning 
of the planning horizon as shown in fig. 79. 
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Fig. 79 Inventory volume plan 

Subsequently, inventories are dropped down to minimum with a slight in-
crease in the third quarter of the planning horizon. The inventory increase 
is mainly driven by raw material procurement decisions in combination 
with production quantities. 

Production analysis considers total capacity volume and total production 
quantity indices across all considered production steps of the value chain. 
Production quantities are near to capacity. Therefore, sales decisions are 
sufficient to utilize production capacities as shown in fig. 80. 
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Fig. 80 Production volume plan 
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Spot and contract procurement quantity planning is shown in the next 
chart. The procurement value volatility is mainly driven by volume volatil-
ity as shown in fig. 81. 
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Fig. 81 Procurement volume plan 

Volatile raw material prices lead to risk-hedging procurement decisions 
within the given procurement flexibility: more raw material is purchased 
within periods of low prices compared to periods of higher prices. This is 
the cause for increasing inventories within the ninth period: raw materials 
were procured during the previous periods due to better prices and put on 
stock. Capital costs for holding inventory are negligible compared to pro-
curement cost savings. These results prove the importance of defining not 
only minimum and maximum inventories from a logistical perspective to 
ensure delivery capability or to consider physical warehousing boundaries. 
Maximum bandwidth inventories in addition needs to be defined consider-
ing the inventory function for risk-hedging of raw material costs. 

Basis for calculating capital costs on transit and local inventories are the 
planned product values. The model supports future inventory value plan-
ning based on the raw material price offers. Fig. 82 shows results of the 
inventory value planning. 
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Fig. 82 Future inventory value plan 

The raw material product value shown in the foreground of the chart is re-
lated to the procurement price offers. Subsequently, the following products 
are listed based on the raw material. The production step costs for each 
product are the values-added on the raw material value. In addition, an as-
sumed timestamp is considered reflecting lead times of products through 
the value chain: therefore, price changes of the raw material would impact 
the value of e.g. product E with some periods of delay. 

The spot demand elasticity analysis algorithm has also been analyzed 
and presented in the sales model (see table 24). Two products in two sales 
locations with a significant number of customers are analyzed with respect 
to spot sales elasticity: customer demands are ranked by price and the 
price-quantity function of cumulated spot sales quantities. The average 
price is determined over 12 periods. Fig. 83 shows the results of the elas-
ticity analysis. 
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Fig. 83 Elasticity analysis example 

The figure shows minimum, average, median and maximum elasticity for 
product 1 and product 2 respectively across 12 months. The average elas-
ticity for product 1 across all 12 months is 0.5, for product 2 0.4 but are 
volatile analyzed for 12 months. The number of customers for one product 
and one location varied each month between 10 and 36. The R-squared 
value for the linear regression varied monthly between 0.4 and 0.99.  

Without having conducted a full elasticity analysis across the entire 
portfolio, the analysis helps to prove market perceptions such as a higher 
elasticity exist in one market compared to another market or comparing 
elasticity between products being perceived to have a different elasticity. 
The statistical quality of the linear regression analysis in selected months is 
considered as good in terms of the number of customers involved and the 
R-squared value proving the applicability of the approach. 

This simple analysis shows that there are price differences within re-
gional price-quantity forecasts reflected by the elasticity greater than 0 
leading to an average price increase, if sales quantities are lower than the 
total demand quantity. Secondly, elasticities are not stable but differ each 
period in analogy to demand quantity and prices. 

The next analysis is related to campaign planning developed in the pro-
duction model. Two multi-purpose resources with 3 and 5 process groups 
including a process group for change-overs are considered. The maximum 
campaign number per period and resource is set to 3, resulting in two fin-
ished product campaigns and one change-over campaign required for 
change. The campaign plan is shown in fig. 84. 
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Fig. 84 Production campaign plan 

Resource 1 begins with two campaigns and one change-over per period 
and dedicates the resources within period 8 and 9 to one process group. 
Resource 2 has more process groups and has to be changed every period. 
Consequently, inventory is required bridging periods with no campaign as-
suming constant demand, what should be investigated as one of the follow-
ing scenario experiments. 

6.2.3 Value Scenario Evaluation 

Value scenarios relate to value parameters used across the value chain like 
currency exchange rates or interest rates. The impact of currency exchange 
rate scenarios on total volumes and values is investigated. The exchange 
rate from currency C1 to currency C2 across the 12 periods is applied. 
Then, the exchange rate of currency C1 is varied from a basis exchange 
rate assuming a depreciation or appreciation of the respective currency. 
Resulting, the volume indices for total sales, inventory, utilization and pro-
curement as well as the value index of total profit on discounted earnings 
before tax level are compared. In addition, the ratio of total turnover to to-
tal procurement costs named VA index is evaluated. Fig. 85 illustrates ex-
periment results. 
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Fig. 85 Exchange rate scenario evaluation 

Fig. 85 shows the different exchange rate index experiments on the hori-
zontal axis with the basis experiment indexed with 100. The total profit in-
dex is represented by the column bar related to the left vertical axis. The 
volume indices for sales, inventory, production and procurement as well as 
the value-added index are represented by the lines with markers related to 
the right vertical axis. This figure structure and the sequence of indices 
oriented at the value chain structure will be used also in the following ex-
periments. 

An appreciation of currency C1 compared to currency C2 does lead to a 
profit increase but no volume increase starting from a situation of full 
utilization. In conclusion, the C1 appreciation has only a value, but no vol-
ume effects. The value-added index improves constantly for these scenar-
ios due to the fact of more sales being conducted in the C1 regions while 
supply costs are on a C2 basis. Consequently, a strong C1 depreciation 
leads to a reduction of all volume indices including sales, production and 
procurement, since sales prices lose value due to the depreciated currency. 
The VA index drops to a minimum point. From this point, volumes are re-
duced in the optimization leading to better profits compared to a continua-
tion of full-utilization policies. The VA-index improves again when vol-
umes are reduced: sales turnover remains constant but procurement costs 
within the index can be reduced. The inventory index is higher in a situa-
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tion of lower volumes since starting inventories at the beginning of the 
planning period are not reduced as fast as in the basis scenario and remain 
longer on stock. 

6.2.4 Sales Scenario Evaluation 

Sales scenario evaluation considers the impact of sales prices, sales flexi-
bility and elasticity on volumes and values. Initially, sales prices are varied 
starting from a basis plan and consider the impact on volumes and values 
shown in fig. 86. 
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Fig. 86 Sales price scenario evaluation 

Results are no surprise: increasing sales prices lead to larger profits but not 
to higher volumes, since the value chain is already utilized. Lower sales 
prices impose a reduction of volumes, since increasingly fewer sales op-
portunities and prices compensate for the supply costs. In addition, it is 
called into mind that linear recipe functions in production lead to lower 
volumes with lower raw material consumption rates and consequently 
lower supply costs. 

Secondly, the impact of spots sales flexibility on volumes and values is 
considered. The minimum spot sales share boundary is increased from 0% 
– spot sales demand can be cut down to 0 – to higher shares shown in fig. 
87. 
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Fig. 87 Sales flexibility scenario evaluation 

Limited optimization flexibility should lead to lower profits compared to 
full optimization flexibility, since spot sales boundaries have to be consid-
ered in the second case that would not be served in the optimum case. But 
in the specific case, limiting sales flexibility has only limited impact on 
volumes and values. 

Elasticity in the third experiment is varied from 0 – no price effects in 
case of sales volume changes compared to demand quantity – to 1.0 for ex-
ternal spot sales. The higher the elasticity, the higher is the underlying 
price effect. Fig. 88 reveals that elasticity has direct influence on profits 
and volumes. 
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Fig. 88 Elasticity scenario evaluation 

Starting with elasticity 0 in the basis scenario, increasing elasticity leads to 
lower volumes in production, sales and procurement, since lower quanti-
ties lead to higher prices and higher profit can be realized with lower vol-
umes. Consequently, the value-added index increases with increasing elas-
ticity. The inventory index also grows due to the reduction of volumes and 
relatively high inventories at the beginning of the planning horizon requir-
ing more time to be reduced. 

Elasticity experiments rely on the developed turnover approximation 
method. The following model performance tests investigate the influence 
of partial quantity points on approximation accuracy and solution time. 
The more sections subdivide spot sales quantities into partial quantities, 
the better the approximation, but the more constraints and decision vari-
ables are required. 

Table 32 shows the model performance: the total and the maximum 
relative turnover gap are analyzed to evaluate the accuracy of the turnover 
approximation depending on the number of partial quantity points; con-
straints, variables and solution time indicate the solution performance and 
model complexity. 
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Table 32 Turnover approximation performance test 

Partial quantity points 4 14 24 44 64 84 104 
Total relative  
turnover gap  1.45% 0.04% 0.02% 0.00% 0.00% 0.00% 0.00% 
Max. relative  
turnover gap 10.94% 0.15% 0.04% 0.01% 0.01% 0.00% 0.00% 
Constraints 12,745 16,585 20,425 28,105 35,785 43,465 51,145 
Variables 14,799 18,639 22,479 30,159 37,839 45,519 53,199 
Solution time in sec. 6.0  6.0 6.4 6.8 7.5 7.5 8.2 

4 partial quantity points – the 0-point, minimum, demanded and maximum 
spot sales quantity – make the default case. A solution time of 6 seconds 
for nearly 15,000 variables is fast. However, the total approximated turn-
over is about 1.45% lower than the most accurate turnover in the case of 
104 partial quantity points. In addition, extreme cases of product-location-
period combinations exist with a 10.9% turnover gap. The approximation 
is improved by adding more partial quantity points. Although the number 
of constraints and variables increase significantly, solution times remain 
short, below 10 seconds. 44 partial quantity points already reached turn-
over gaps of less than 0.01%. In conclusion, 44 partial quantity points can 
be used as approximation basis as already used in the previous elasticity 
scenario experiment. 

6.2.5 Distribution Scenario Evaluation 

Distribution scenario evaluation considers inventory management and 
transportation time scenarios. Initially, the impact of maximum bandwidth 
inventory boundaries on profits and volumes is analyzed. Maximum 
bandwidth inventories are increased and decreased starting from a basis 
scenario as shown in fig. 89. 



220     6 Model Implementation and Case Study Evaluation 

 

Profit index All other indices

80 100 120

Maximum bandwidth inventory index
low high

0

100

200

400

300

70

80

90

110

100

Profit index

Sales index

Inventory index

Utilization index Value-added index

Procurement index

 

Fig. 89 Maximum bandwidth inventory scenario evaluation – continuous 

One hypothesis is that an increasing maximum bandwidth inventory pro-
vides more optimization flexibility and hence better profits at the expense 
of higher inventories. In this case, inventories increase indeed with higher 
maximum bandwidth inventories, but inventory flexibility does not signifi-
cantly compensate for higher capital costs and profit remains relatively 
stable. The opposite effect can be observed at maximum bandwidth inven-
tories: inventories are reduced overall with no significant impact on profits 
in the specific case. 

Repeating the experiment for campaign production may lead to a more 
differentiated picture, since inventory has the primary function to bridge 
campaigns and to ensure continuous delivery capability between cam-
paigns. However, results do not show a clear tendency in fig. 90. 
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Fig. 90 Maximum bandwidth inventory scenario evaluation – campaign 

Higher maximum bandwidth inventories lead to higher inventories, 
however, profits and other volume indices have no clear tendencies and 
profits even decrease slightly with higher inventory flexibility. These re-
sults can be explained by a relative MIP gap of 1% with lower profits be-
ing possible within this tolerance interval especially in campaign produc-
tion, where many change-over decisions based on integer variables have to 
be compared. 
Thirdly, different transportation times for transcontinental shipments are 
distinguished starting with basis transportation times measured in days an 
indexed with 100 as shown in fig. 91. 
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Fig. 91 Transportation time scenario evaluation 

Experiment results prove that longer transportation times lead to higher 
transit inventories and lower profits due to higher capital costs for transit 
inventories. 

6.2.6 Production Scenario Evaluation 

Production scenario evaluation investigates the influences of production 
and campaign control parameters on volumes and values. All experiments 
share the hypothesis that restrictive production control leads to lower prof-
its due to lower optimization flexibility. 
Throughput smoothing is an important planning requirement. The impact 
of different production variance scenarios on profits and volumes is ana-
lyzed. A production variance of for example 20% means that the average 
resource throughput of the following periods can be only 20% higher or 
lower compared to the previous period. The production variance is varied 
from 100% - meaning no throughput smoothing restrictions - to more re-
strictive production variances as shown in fig. 92. 
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Fig. 92 Production variance scenario evaluation 

Due to high production utilization and relatively constant throughput levels 
in the basis plan, throughput smoothing is not critical in this case situation. 
Therefore, a more restrictive smoothing has only limited influence on vol-
umes and profits and leads to slightly increased inventories. 

Secondly, we consider minimum utilization scenarios as control pa-
rameters. Minimum utilization has to be set if required by production 
processes e.g. in order to ensure process stability and product quality. But 
minimum utilizations defined higher than required may lead to lower prof-
its due to less optimization flexibility as shown in fig. 93. 
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Fig. 93 Minimum utilization scenario evaluation 

However, minimum utilization scenarios do not influence profits and vol-
umes as assumed due to the same reason as in case of production variance: 
the basis plan already led to a situation of high utilization, minimum utili-
zation limits are not a hard constraint in the specific case. 

Thirdly, different recipe function gradients in production are considered. 
Starting with a basis recipe function, planning results for a higher or lower 
recipe function gradient are compared as it can be seen in fig. 94. 
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Fig. 94 Recipe function scenario evaluation 

Higher recipe function gradients lead to slightly higher profits and lower 
volume indices. The reason is that higher gradients mean also a reduction 
of production quantities resulting into lower raw material consumption 
rates compared to the basis scenario. Lower recipe function gradients lead 
to lower profits and slightly higher volume indices, since the raw material 
consumption rates do not decrease as fast as within the basis or high gradi-
ent scenario. 

While previous experiments focused on volume constraints, now cam-
paign planning experiments are designed. First the minimum campaign 
time measured in hours is varied from no restrictions (1h) to long mini-
mum campaign times reflecting the planner’s experience in optimal lot 
sizes and campaign run times. As shown in fig. 95 profit decreases 
slightly, production volumes and hence utilization decreases and invento-
ries increase, since higher minimum campaign run times limit change-over 
optimization decisions. 
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Fig. 95 Minimum campaign time scenario evaluation 

In practice, this experience can lead to the situation that planner and pro-
duction have to review applied campaign run times based on experience 
and to compare them with optimization results. 

Finally, different maximum campaign scenarios are compared. As intro-
duced, three campaigns per resource and period are set as a limit based on 
planner’s experience.  

The maximum campaign scenario with 5 and 7 maximum campaigns is 
compared in fig. 96. 
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Fig. 96 Production campaign scenario evaluation 

The experiment supports the planner’s experience: allowing more degrees 
of freedom does not lead to higher profits and changes of volumes outside 
an MIP gap tolerance of 1%. The alternative plan uses also not more than 3 
campaigns as maximum per period. Surprisingly more campaigns do not 
necessarily lead to lower inventory volumes as one might expect; reason is 
that the optimization model does not minimize costs by optimizing 
change-overs against inventory holding costs alone but maximizes overall 
profit across the value chain, which can lead also to solutions with higher 
inventories to support more valuable products or hedge risks of raw mate-
rial prices. 

The maximum number of campaigns is a critical parameter impacting 
model performance, since an increased number of campaigns results in 
more variables as well as longer run time as shown in table 33. 
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Table 33 Production campaign influence on model performance 

Maximum campaigns 3 5 7 
Constraints 14,785 17,161 19,537 
Variables 15,723 17,883 20,043 
Iterations 5,682 6,712 8,472 
Run time  21.6 sec 28.7 sec 42.5 sec 

Extending the number of maximum campaigns from 3 to 7 leads to a wider 
value range for the three campaign-indexed binary variables steering 
change-over decisions: 

• The binary variable Pcamp
rctα  deciding if a campaign is active or not  

• The campaign mode eP
rgct

modα  matching active process groups with active 
campaigns 

• The change-over variable Pchange
tccgrg 2121

γ  deciding if a change-over between 
process groups and campaigns takes place or not 

The branch and bound algorithm applied to solve the mixed integer lin-
ear program requires more iterations, since the respective decision tree has 
more nodes to be validated when extending the number of possible cam-
paigns per month. 

Thanks to block planning and grouping of single production processes 
into process groups as well as limiting campaign change-overs in the case 
of commodity production to three campaigns per months including one for 
change-over, the model is sufficiently capable to be used for a monthly 
planning purpose. 

6.2.7 Procurement Scenario Evaluation 

Finally, we compare procurement price scenarios for key raw materials 
from low to high raw material prices. The results shown in fig. 97 are the 
mirror of the sales price experiments conducted before.
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Fig. 97 Procurement price scenario evaluation 

Low procurement prices lead to a very positive value-added index and 
hence to higher profits compared to a basis scenario. Low procurement 
prices have no volume effect, since production quantities cannot be in-
creased in the situation of full utilization. High raw material prices result in 
a reduction of volume indices. 

Comparing value scenarios like exchange rate, sales price, elasticity and 
procurement price experiments with the control scenarios, value scenario 
influence on profits and volumes is significantly higher than the influence 
of volume control scenario experiments in the specific case.

6.3 Opportunities for Model Extensions 

The developed model serves as a basis for extension addressing additional 
planning requirements such as regional sales planning, robust planning 
with price uncertainties and price planning using simulation. Regional 
sales planning means the implementation of the global plan on regional 
level in the last phase of the planning process considering regional price 
and cost differences between customers and articles. Robust planning ad-
dresses the requirement to incorporate sales price uncertainties of com-
modities into the model. Price simulations support pricing decisions by 
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identifying profit-optimal prices or price limits with respect to production 
utilization levels. 

6.3.1 Regional Sales Planning 

The global sales plan serves as a basis for regional sales planning as de-
fined in the value chain planning process (see section 4.1.2). While con-
tract sales is executed in the region as contractually agreed with single cus-
tomers, the global spot sales plan has to be distributed in the regions on a 
detailed customer and article level providing the regions the flexibility to 
allocate the overall volume to different customers as illustrated in fig. 98. 
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Fig. 98 Regional spot sales planning 

The regional spot sales planning considers price and cost differences be-
tween regional customers and individual articles constrained by having to 
meet the total sales volume and turnover targets on global level. 

Regional Basis Indices and Sets 

The regional sales planning level is oriented by the planning object hierar-
chies presented in the global planning framework in section 5.2.1. Plan-
ning objects on regional level are more detailed in comparison to the 
global level in order to further consider regional price and cost differences. 
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Since packaging costs are considered as optimization criterion on a re-
gional level, regional sales planning is conducted on an article-level a A∈  
differentiating packaging types such as bulk, bags, etc. with the respective 
packaging costs. Multiple articles are related to one product defined in the 
index set 5{ , } Sa p I∈ , a A∀ ∈ , p P∈ . Secondly, regional sales planning 
is conducted for individual customers or groups of customers defined as 
customer clusters k K∈ . Considering individual customers, allows differ-
entiating price differences between customers within the regional sales 
planning. Customer clusters are uniquely associated to one global sales lo-
cation defined in the index set 6{ , } Sk l I∈ , k K∀ ∈ , Sll I∈ . Customer arti-
cles are defined by the tuple 7{ , } Sa k I∈ , a A∀ ∈ , k K∈ . All relations of 
regional customer clusters and articles to global locations and products are 
defined in the index set 8{ , , , } Sa p k l I∈ , 3{ , } Sk l I∀ ∈ , { , } Sapa p I∈ , 

7{ , } Sa k I∈ . These sets serve as basis for regional planning linking the re-
gional plan with the global plan. 

Regional Sales Control, Demand Input Data and Decision Variables 

Regional sales planning translates the global sales and turnover targets into 
the regional level considering regional demand plans. The global contract 
sales plan is equal to the global demand. As a consequence, the regional 
contract sales plan is equal to the regional demand plan, since no sales 
quantity flexibility exists and prices are fixed by contract for each cus-
tomer cluster. Regional sales planning is focused on regional spot sales de-
cisions with sales flexibility existing. 

Regional sales flexibility is controlled using minimum and maximum 
spot sales flexibility: minSR s

akR  and maxSR s
akR  are minimum and maximum spot 

sales quantity shares applied to the regional spot demand quantity by cus-
tomer and article, minSR a

akR  and maxSR a
accR  are minimum and maximum abso-

lute regional spot sales quantities, all defined by 7{ , } Sa k I∀ ∈ . Here, it is 
assumed that the elasticity can be based on regional customer demand and 
that full sales quantity flexibility exists as assumed also in the elasticity 
analysis algorithm presented in table 24. In this case, regional spot sales 
boundaries are set to 0% as a minimum sales share and to 100% as a 
maximum sales share. 

The regional demand input data consists of monthly spot demand quan-
tity SRs

aktq  and spot demand price SRs
aktp  by article and customer cluster 

7{ , } Sa k I∀ ∈ , t T∈ .These regional businesses differ not only by price, but 
also by sales and distribution costs for the individual customer or article. 
Payment terms SRpt

kr , k K∀ ∈  measured in days reflect the specific number 
of days the company concedes the customer for order payment. Higher 
payment terms lead to increased working capital due to debts outstanding 
longer and consequently to higher capital costs. 
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Secondly, customer-specific variable selling cost shares SRsc
kr , k K∀ ∈  

are applied as a percentage to net turnover and comprise customer-specific 
sales costs like insurances, bank charges or import tariff costs for the cus-
tomer or the related country. Regional transportation costs RStc

akc , 
7{ , } Sa k I∀ ∈  reflect costs differences between articles and/or customers 

for transportation within the sales location. Finally, article-specific packag-
ing costs RSpc

akc , 7{ , } Sa k I∀ ∈  in the sales location currency on a currency 
per ton basis are considered. 

Regional sales planning has to decide the regional spot sales quantity 
SRs
aktx  and the regional spot sales turnover SRs

akty , 7{ , } Sa k I∀ ∈ , t T∈ . 

Regional Spot Sales Planning Objective Function 

Regional sales planning objective is to maximize discounted regional spot 
sales profit considering sales turnover and the described sales- and distri-
bution-oriented costs: 
max R

t T
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The regional optimization is focused on sales values and remaining re-
gional sales decisions that have to be taken in the regions. The regional ob-
jective function does not intend to reflect the company’s profit and loss 
situation as completely as possible being already done on global level. 
Therefore, contract sales are also excluded from the model, since they are 
already decided in the fixed contracts. 

Regional Spot Sales Planning Constraints 

Consequently, regional model constraints are focused on spot sales. The 
spot sales turnover is the sum of regional spot sales quantities and the spot 
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sales demand price assuming to be the demand price to be not renegoti-
ated. 

SRs SRs SRs
akt akt akty x p= ⋅  7{ , } Sa k I∀ ∈ , t T∈  (119)

The regional spot sales quantity has to remain within relative and abso-
lute quantity boundaries. 

min minSR s RSs SRs RSs SR s
ak akt akt akt accR q x q R⋅ ≤ ≤ ⋅  7{ , } Sa k I∀ ∈ , t T∈  (120)

min maxSR a SRs SR a
ak akt akR x R≤ ≤  7{ , } Sa k I∀ ∈ , t T∈  (121)

The sum of regional spot sales quantities needs to be equal to the global 
spot sales quantity within the same sales location. 

8{ , , , } S

Ss SRs
plt akt

a p k l I

x x
∈

= ∑  2{ , } Sp l I∀ ∈ , t T∈  (122)

Global spot sales turnover has to be equal to the regional spot sales 
turnover. 

8{ , , , } S

Ss SRs
plt akt

a p k l I

y y
∈

= ∑  2{ , } Sp l I∀ ∈ , t T∈  (123)

The constraints ensure that global plans are executed on regional level 
and serve as a stable framework for the respective operations level. In ad-
dition, they provide flexibility and degrees of freedom for regional sales 
organizations in considering regional market and customer specifics within 
the framework of global volume and value objectives. 

6.3.2 Robust Planning with Price Uncertainties 

Up to this point, it is assumed that prices are deterministic, which is true 
for contract demand and procurement but is not necessarily true for spot 
demand and procurement prices. Therefore, an important value chain plan-
ning requirement is the consideration of uncertain prices and price scenar-
ios. Now, uncertain spot demand prices are under consideration and it is il-
lustrated how price uncertainty can be integrated into the model in order to 
reach robust planning solutions.  

Robust planning is a specific research area within Operations Research 
(Scholl 2001). Generally, robustness can be defined as the insensitivity of 
an object or system against (stochastic) external influences (Schneeweiß 
1992 reviewed by Scholl 2001, p. 93). A plan is robust, if the realization of 
the plan – also in a slightly modified form - leads to good and/or accept-
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able results with respect to the pursuit objectives for nearly all possible oc-
curring scenarios (Scholl 2001, p. 93). Robustness is not only relevant in 
tactical planning or operative scheduling but also in other areas such as 
product design where design parameters needs to be determined in a way 
that with a set of possible scenarios determined by stochastic parameters a 
targeted probability to reach a feasible product design is reached (Olieman 
2004a; Olieman 2004b). Theoretic papers related to robustness trying to 
approach industrial planning practice exists also for the chemical industry 
(Suh/Lee 2001). 

In the considered value chain planning problem, the uncertainty of spot 
sales prices impacts the profitability of the overall value chain plan, since 
volume decisions can lead to profit-suboptimal plans, if the average sales 
price cannot be realized as planned. Therefore, price volatility is consid-
ered as an external (stochastic) influence in the considered value chain 
planning problem. The following model extensions account for this uncer-
tainty and try to derive methods to achieve more robust plans with respect 
to profit results with contributions from Habla (2006). The objective of the 
proposed modeling approach is to maximize profit for the entire value 
chain network. It is assumed that the company behaves risk-averse in face 
of the price uncertainty. 

Price uncertainty is reflected by alternative price scenarios o O∈ . To 
model the volatility of market prices, a price factor Ss

plotδ  for spot demand 
prices e.g. 0.8, 1.0 and 1.2 and a corresponding subjective scenario prob-
ability Ss

oω  valid for the entire planning horizon have to be defined by 
management. Typically, three scenarios “worst”, “best” and “average” 
are used in order to limit the complexity and keep scenario planning prag-
matic. The price scenario philosophy of the company is to have only one 
single spot sales volume plan Ss

pltx  that is executed in the market at differ-
ent price levels Ss

pltp . In addition, we assume identical price-quantity func-
tions i.e. identical spot demand elasticities, for all price scenarios. 

Fig. 99 illustrates the concept of scenario-based price-quantity func-
tions, which basically describe the dependency of sales price p on quantity 
x. With price-quantity function p(x) the resulting turnover is given as 

( )p x x⋅ . In addition, to given input data, sales control data are defined by 
the planner executing sales and marketing business rules to set the bounda-
ries for spot sales quantities. Control parameters minSs

pltX  and maxSs
pltX  indi-

cate the minimum and maximum spot demand that needs to be fulfilled. 
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Fig. 99 Price-quantity function and turnover curve with price scenarios 

The scenario-dependent price-quantity function can be determined as: 

( ) (1 )
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(124)

Secondly, the scenario-dependent turnover function can be determined 
as: 

( ) ( )Ss Ss Ss Ss Ss Ss
plot plt plot plot plt plty x p x xδ= ⋅ ⋅  
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x p x
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ε δ ε δ= − ⋅ ⋅ ⋅ + + ⋅ ⋅ ⋅  

2{ , } Sp l I∀ ∈ , o O∈ , t T∈  

(125)

The concept of scenario-dependent turnover functions represent a sig-
nificant advantage of demand price scenarios compared to demand quan-
tity scenarios, since the scenario price factors can be directly applied to 
model turnover in the objective function of the optimization model without 
affecting quantity constraints of the model. This advantage might change 
the perspective on demand uncertainty from quantity scenarios towards 
price scenarios related to a defined sales quantity. This is even more prac-
ticable, since prices can be changed faster in practice compared to produc-
tion volumes and material flows. In particular in the production of chemi-
cal commodities, considerable change-over times of the processing 
equipment have to be considered. Moreover, transportation lead times and 
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limitations on transit stock often reduce the flexibility to adjust production 
quantities and redirect material flows on short notice. 

Optimization Strategies 

The objective of the proposed modeling approach is to maximize profit for 
the entire value chain network. Two optimization strategies can be applied 
incorporating spot sales price scenarios to reflect price uncertainty: 

• One-phase optimization: Maximize expected profit across one or multi-
ple price scenarios. This approach corresponds to the classical “expect 
value” maximization known from decision theory. 

• Two-phase optimization: Maximize expected profit across multiple 
price scenarios subject to the constraint that a given minimum profit 
value is reached. From a practical point of view, this approach seems to 
be more appropriate in situations where a high variability of profit can 
be expected and the risk of low profit outcomes shall be minimized. 

The one-phase optimization strategy considers one or multiple spot 
price scenarios. Each scenario is characterized by the spot price factor, 
which expresses possible spot price levels (e.g. 0.8, 1.0 and 1.2) for each 
relevant product-location combination pl, period t and scenario s. Each 
scenario has a subjective probability. While supply decisions remain un-
changed, the various spot price scenarios lead to multiple turnover scenar-
ios that are realized with the same spot sales quantity. Since price scenar-
ios are represented by specific price factors, they can be directly applied to 
model spot turnover in the objective function.  

The objective function for a single scenario is defined as follows: 

2 2{ , } { , }S S

Ss Ss Sc Sc Supply
o plt plot plt plt t

t T p l I p l I

z y p q vδ
∈ ∈ ∈

⎡ ⎤
= ⋅ + ⋅ −⎢ ⎥

⎢ ⎥⎣ ⎦
∑ ∑ ∑  

(126) 

In this simplified case, all distribution, production and procurement 
costs are summarized under period-specific supply costs Supply

tv . The sce-
nario profit oz is calculated by the scenario spot sales turnover multiplied 
with the respective scenario factor Ss

plotδ  plus the contractually agreed turn-
over less the supply costs. 

The expected profit determines the average profit across all price sce-
narios weighted with their scenario probability. The expected profit func-
tion can be defined as follows: 

2 2

exp

{ , } { , }

max
S S

Ss Ss Ss Sc Sc Supply
plt plot o plt plt t

t T o Op l I p l I

z y p q vδ ϖ
∈ ∈∈ ∈

⎡ ⎤
= ⋅ ⋅ + ⋅ −⎢ ⎥

⎢ ⎥⎣ ⎦
∑ ∑ ∑ ∑  

(127) 
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The expected profit across multiple scenarios provides a more realistic 
picture of the future profit situation compared to one single scenario. 
However, scenarios are consolidated and averaged in one total number 
with their probability weights. The planner would have no information 
about potential worst case profits as a profit basis and might like to sacri-
fice expected profit opportunities for safety in exchange. This is addressed 
by the two-phase optimization approach. 

Two-phase Profit Optimization 

The two-phase optimization strategy (see fig. 100) first maximizes the 
minimum scenario profit , which is alwayss lower or equal to all single 
scenario profits oz , where oz  is defined as shown in equation 126. 

This first phase determines the best minimum profit minz  from all sce-
narios. minz  is then fixed as baseline profit min*z  for the second phase of 
the optimization, during which the expected profit expz  is maximized 
across all scenarios given the constraint that each scenario profit oz  
reaches the minimum scenario profit min*z . 

1. Phase 2. Phase
expmax zminmax z

min*
oz z≥

subject to subject to 
min ,oz z o O≥ ∀ ∈

min*min zz →

and all other constraints and all other constraints
 

Fig. 100 Two-phase optimization approach 

This approach is proposed by Chen/Lee (2004) to reach more robust solu-
tions considering probabilistic for in this case demand quantity scenarios 
without considering price uncertainty. 

Robust Planning Evaluation 

This model extension is tested with ILOG OPL Studio 3.71® using ILOG 
CPLEX 9.1® and examined industry case test data on an Intel Pentium 4 
Processor® with 1,598 Mhz and 256 MB RAM. The extension is tested for 
an excerpt of the value chain network including nine sales locations, one 
procurement location and one production and having one multi-purpose 
and one continuous production resource as shown in fig. 101. 
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Fig. 101 Value chain network excerpt used for robust planning testing 

The scale of this focused value chain network is shown in table 34. 

Table 34 Case data scale for testing robust planning model 

Basic elements Scale 
Products 
- Finished 
- Intermediate 
- Raw material 

50 
48 
1 
1 

Locations 
- Sales 
- Production 
- Procurement 

11 
9 
1 
1 

Resources 
- Continuous 
- Multi-purpose

2 
1 
1 

Periods 6 

In an experiment, we compare the optimization strategies introduced for 
different spot price scenarios. Two alternative demand spot price scenarios 
“best case” and “worst case” with equal probability of 0.25 are defined in 
addition to the standard scenario with probability 0.5. The best case as-
sumes a continuous price increase while the worst case assumes a continu-



6.3 Opportunities for Model Extension      239 

 

ous price decrease. Consequently the expected profit is the average of the 
best and worst case scenario results and equal to the standard scenario.  

Fig. 102 shows the numerical results. The results of the first period are 
indexed at 100 in order to compare the results of the subsequent periods 
compared the first period. Results of the one-phase optimization strategy 
are relatively constant sales quantities and expected profits slightly below 
the index level of 100. Executing this plan can lead to very positive best-
case scenario profits but also to very negative profits, if the worst-case 
price scenario occurs.  

Less extreme plans can be reached with the two-phase optimization 
strategy compared to the one-phase optimization approach: scenario profits 
are nearer by and the worst case scenario is comparably better than in the 
one-phase-optimization strategy. The overall plan in sales, production and 
procurement is more cautious with lower sales quantities and lower ex-
pected profits as the pay-off for better minimum profits. 
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Fig. 102 Comparing 1-phase and 2-phase optimization strategy by periods 

Fig. 103 shows all scenario profits in the one-phase and the two-phase op-
timization case as well as the sales quantity index: the two-phase optimiza-
tion results do not disperse as strong as the one-phase-optimization. Be-
sides, the worst case scenario is comparably better than the worst case 
scenario of the one-phase-optimization strategy. The plan is more cautious: 
supply quantities are reduced leading to lower expected profits but better 
minimum profits in the worst case scenario. Although robustness is not 
measured it get’s visible in the numerical tests for the 2-phase optimization 
approach. 
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Fig. 103 Comparing 1-phase and 2-phase optimization strategy by profits 

To conclude, the 2-phase optimization results in lower average profits. In 
the real application, planners might also vary the subjective weights for the 
different scenarios or set alternative minimum profit levels. This way addi-
tional information on the robustness of the obtained solution and a better 
understanding of the complex relationships between volumes and values in 
a price-volatile commodity business could be gained. This approach can be 
further extended e.g. by defining a robustness measure to be optimized ex-
plicitly (Olieman/Hendrix 2005). 

6.3.3 Price Planning Using Simulation-based Optimization 

The models presented so far, helped to determine profit-optimal plans by 
volumes and values. However, the optimization can result in under-
utilization of capital-intensive production resource, which is not a desired 
state. In this situation two questions are raised mainly by sales and market-
ing: 

• Which sales prices are profit-optimal fully utilizing a specific capacity? 
• Which sales prices are price limits before reducing capacity utilization? 
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These questions get even more complex, if multiple products and busi-
nesses compete for production capacity – e.g. one product in two sales lo-
cations or two products against each other. 

Utilization-optimal prices for these businesses can be systematically 
identified using simulation-based optimization of prices with contributions 
from Kurus (2006).  

Core idea is to simulate various price scenarios for single or competing 
businesses and to conduct the optimization several times in order to iden-
tify price limits leading to full utilization of production.  

In literature simulation and simulation-based optimization is focused on 
supply chain management areas such as production (Smith 2003; Wullink 
et al. 2004), inventory (Siprelle et al. 2003), transportation or integrated 
supply chain networks (Preusser et al. 2005). 

The simulation-based optimization approach is illustrated in fig. 104 
(see also Preusser et al. 2005, p. 98). 
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Fig. 104 Simulation-based optimization approach 

The simulation control includes the methods of generating price simulation 
scenarios either manually, equally distributed or using stochastic distribu-
tion approaches such as normal distribution. In addition, the number of 
simulation scenarios e.g. 50 is defined. The optimization control covers 
preprocessing and postprocessing phases steering the optimization model. 
The optimization model is then iteratively solved for a simulated price 
scenario and optimization results including feasibility of the model are 
captured separately after iteration. Simulation results are then available for 
analysis. 

Fig. 105 illustrates the case of equally distributed generation of price 
scenarios around the demand point of two competing products with the 
two prices p1 and p2. The planner simulates prices +/- 10% around the re-
spective demand prices. 
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Fig. 105 Price scenarios 

The evenly distributed price points ensure result analysis maps based on a 
standard grid. Core analysis of simulation results considers profit and utili-
zation of the value chain as illustrated in fig. 106. 
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Fig. 106 Profit map example 

In this simple example, two sales products compete for limited production 
capacity. Different sales prices for both products are simulated and the to-
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tal profit dependent on price constellation is shown in a profit map. The 
profit in this simple example consists of sales turnover for the two prod-
ucts less production and raw material procurement costs. The map illus-
trates profit dynamics depending on sales prices: profit-optimal price con-
stellations get transparent. However, profit-maximizing price constella-
tions are often hard to realize in the market and hence are not of primary 
decision relevance. 

Additionally, limit prices can be identified to show when production has 
to be decreased in order to ensure optimal profit. Limit prices support mar-
keting decisions on minimum prices to be reached to ensure production 
utilization. In a simplified example with three resources – a continuous re-
source is a capacity bottleneck and two subsequent campaign resources 
produce the competing products 1 and 2 – the respective utilization maps 
show the utilization dynamics depending on sales prices illustrated in fig. 
107. 

Utilization of all resources is strongly increased with a sales price in-
crease of product 1 and product 2. The continuous resource utilization is 
increased to 100% supplying the raw material for product 1 and product 2 
on the respective campaign resources. Since the capacity of resource 3 is 
not sufficient to supply resource 1 and resource 2 at full utilization at the 
same time, the available capacity needs to be allocated either on resource 1 
or resource 2. It gets transparent that resource 1 with product 1 are fully 
utilized up to 100%, while utilization of resource 2 with product 2 is re-
duced, since the product 2 businesses is less attractive compared to product 
1 in this case. 

The very simple 3-D-visualization of price simulation results for com-
peting businesses can foster the understanding of value chain dynamics. 
Limit and target prices can be determined based on the simulation results. 

These simple examples can only show the opportunity to further extend 
the value chain planning model usage for decision support integrated in 
simulation-based optimization architecture. There is an opportunity for fur-
ther industry-oriented research to better understand production-price dy-
namics in different types of value chain networks. 
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Fig. 107 Utilization map examples 

6.4 Conclusions 

The model evaluation by means of industry test data proved the impor-
tance of integrated volume and value decisions throughout the entire value 
chain. In particular, sales and procurement prices, exchange rates and de-
mand elasticity have high influence on overall values and volume deci-
sions. Model solution times below one minute on a desktop PC are accept-
able for tactical value chain planning in the monthly planning process for 
the applied industry case data. Model extensions provide further decision 
support opportunities for regional sales planning, robust planning incorpo-
rating price uncertainties or support price decisions using simulation-based 
optimization.  
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The case study demonstrated how the company can use the developed 
model in decision support. Having implementing the global value chain 
planning process and model the company could significantly improve 
overall profitability of the business. Specifically, the spot price mechanism 
used to better coordinate sales and supply decisions showed a significant 
impact for the company. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

 

7 Summary, Conclusions and Outlook 

In this study, two research questions have been investigated: 1. How vol-
umes and values within the value chain can be managed in an integrated 
way and, especially, 2. How a global commodity value chain within the 
chemical industry can be planned by volumes and values. 

A value chain planning model has been developed to integrate volume 
and value decisions within the value chain. Value chain planning is part of 
value chain management to integrate strategy, planning and operational 
decisions across the value chain. This value chain management combines 
separate research areas focusing either on supply, demand or values. It is 
based on methods like reference models, simulation, optimization, analysis 
and visualization to support decisions. 

Specifically, a global value chain planning model for a company-
internal commodity value chain network has been developed within the 
process industry. Balancing sales turnover with raw material procurement 
costs both volatile in volumes and values is the primary task in commodity 
value chain planning. The global scope poses additional requirements on 
planning of handling exchange rates and multi-period transportation time 
and transit inventories between continents. The value chain planning re-
quirements coverage by state of the art literature is analyzed for the spe-
cific problem. Literature focuses either on global models, chemical indus-
try models in production and distribution or models handling demand 
uncertainty by quantity. An integrated volume and value planning ap-
proach specifically for chemical commodities is missing so far. 

So, the global value chain planning model covers the formulated re-
quirements as illustrated in fig. 108. 
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Fig. 108 Value chain planning requirements coverage by the model 

Several new approaches have been developed in the model: 

• Global profit optimization consistent with profit and loss statements 
demonstrates how to integrate the value and volume views in control-
ling, sales & marketing, supply chain management, production and pro-
curement. 

• Future inventory planning approach to anticipate future inventory values 
in the value chain network based on future raw material price forecasts. 

• Elasticity analysis algorithm as pragmatic approach to determine aver-
age price elasticity of aggregated demand forecasts that analyzes under-
lying customer price-quantity demand. 

• A piecewise linear turnover approximation supports effective and accu-
rate decision making on sales turnover based on price-quantity functions 
and elasticity as an alternative to exact quadratic optimization. 

• Global transportation and transit inventory planning differentiates sent 
and received transportation quantity allocation cases and calculates tran-
sit inventories and capital costs on the transportation lane. 
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• Production process planning extended by throughput smoothing and 
planning of variable raw material consumption using linear recipe func-
tion. 

The model has been evaluated by means of a global commodity industry 
case. The evaluation proved the importance of value chain planning to in-
tegrate volume and value decisions from sales to procurement: exchange 
rate, sales and raw material price and elasticity scenarios have key influ-
ences on total profit and volume planning decisions within the global value 
chain network. 

Outlook and Areas for Further Research 

The integrated concept of value chain management provides opportunities 
for further interdisciplinary research questions that integrate separated re-
search areas in sales, marketing, controlling, operations research, supply 
chain management, logistics and procurement. The value chain planning 
approach can be validated or extended for specialty chemicals or for other 
process industries or in the discrete sector confronted with increasing raw 
material and sales price volatility having traditionally focused on volume 
planning alone. Examples are the high tech, automotive, manufacturing 
and consumer goods industries. 

Additional research questions may exist related to other concept ele-
ments within the value chain management framework: 

• Value chain strategy 
- How can sales and procurement strategy, network design and product 

strategy decisions be integrated? 
- How can product strategies in the market be integrated with complex-

ity costs, product life cycle decisions and supply network design? 
- What is the right integrated spot/contract split in sales and procure-

ment? 
- What is the appropriate inventory level within the entire value chain 

considering risk-hedging of raw material and sales prices? 
• Value chain operations 

- How can order schedules be integrated throughout the value chain in 
sales, production, distribution and procurement considering profit-
ability or order business rules? 

• Negotiation and collaboration 
- How can spot/contract sales and procurement flexibility rules be inte-

grated into negotiation and collaboration agreements? 
- How should collaborative planning and bidding processes be ideally 

designed within the rolling monthly planning? 
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- Which indicators, mutual service level and bonus-malus agreements 
have to be agreed and measured between companies? 

• Support and service functions 
- Returning to Porter’s original value chain, how can company services 

and support functions like IT, HR or Finance be integrated into strat-
egy, planning and operations as an extended value chain management 
framework? 

• Macro-perspective on value chains 
- Value chains are embedded and influenced by their macro-

environment e.g. internationally, politically, technologically, socially, 
legally and/or environmentally: tax legislation, shortages of energy 
and natural resources, socio-demographic changes and/or specific 
legislations such as the EU chemicals legislation are some examples 
that have impact on value chain strategy, planning and operations. 
Hence, the influence and systematic consideration of these factors in 
value chain management on the strategic level is a further interesting 
research area looking beyond the focused business perspective onto 
companies and markets (see also van Beek 2005). 

All research questions share the characteristic of investigating value 
chain processes and decisions holistically like in an integrated ecosystem. 
Operations Research methods and Information Technology provide the ca-
pabilities to be successful in this interdisciplinary research. 
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