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The aim of this thesis is to search how to match the demand and supply effectively 

in industrial and project-oriented business environment. The demand-supply 

balancing process is searched through three different phases: the demand planning 

and forecasting, synchronization of demand and supply and measurement of the 

results. The thesis contains a single case study that has been implemented in a 

company called Outotec. In the case study the demand is planned and forecasted 

with qualitative (judgmental) forecasting method. The quantitative forecasting 

methods are searched further to support the demand forecast and long term 

planning. The sales and operations planning process is used in the synchronization 

of the demand and supply. The demand forecast is applied in the management of a 

supply chain of critical unit of elemental analyzer. Different meters on operational 

and strategic level are proposed for the measurement of performance. 
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Diplomityön tavoitteena on tutkia kuinka kysyntä ja hankinta saadaan kohtaamaan 

mahdollisimman tehokkaasti teollisessa ja projektiorientoituneessa liiketoiminta-

ympäristössä. Kysynnänhallintaprosessia tutkitaan kolmen eri vaiheen kautta: 

kysynnänsuunnittelu ja ennustaminen, kysynnän ja hankinnan synkronointi sekä 

tuloksien mittaus. Työ sisältää case -tutkimuksen, joka on tehty kaivos- ja 

metalliteollisuuden toimialan yritykseen nimeltä Outotec. Kysynnänsuunnittelussa 

ja ennustamisessa käytetään laadullista ennustamismenetelmää. Määrällisiä 

ennustamismenetelmiä tutkitaan pidemmän aikavälin ennusteen sekä suunnittelun 

tueksi. Myynnin ja tuotannon suunnitteluprosessia hyödynnetään kysynnän ja 

hankinnan synkronoinnissa. Kysyntäennusteen pohjalta määritellään 
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1 INTRODUCTION 

The supply chain management has received growing interest in the literature as well 

as in the industrial context (Stadler, 2005, p. 575). In the most industries the global 

markets have become more volatile and turbulent. The ability to adapt into rapid and 

unexpected changes has grown its importance in the capabilities of supply chains. 

(Collin & Lorenzin, 2006, p. 418) Nowadays the competitiveness and quality of 

supply chain are elements that need to be in order and well managed by default. 

Competitive advantage can be gained from supply chain that is agile and capable to 

adapt into different situations. The supply chain also needs to be able to apply the 

information related to the markets. (Iloranta & Pajunen-Muhonen, 2008, p. 345) 

One of the main challenges in supply chain management is managing the uncertainty 

(Peidro et al. 2009, p. 400; Szozda & Werbińska-Wojciechowska, 2013, p. 75). 

Globalization, increasing product variation, product customization and shortening 

product life cycles have led to a growing uncertainty of demand. These challenges 

have increased the responsiveness of the supply chains. At the same time, due to an 

intense competition, the supply chains should also be efficient. Supply chain 

responsiveness and efficiency are two primary objectives of supply chain 

management, but by nature they are conflicting. To gain higher efficiency, one has to 

give up on responsiveness and vice versa. For example higher supply chain efficiency 

could be attained with minimal inventories, but this could cause delays on the 

delivery times. Finding the right balance for supply chain responsiveness and 

efficiency has become a challenge for many companies. (Kwok, 2012, p. 638-639) 

Opportunities in continued operational cost reductions and revenue growth in sales 

exist and actually the linkage between operations and sales activities offers a good 

possibility for a profit optimization. The goal of profit optimization is to maximize 

the profitability of the company by taking into account the total costs of operations 

and sales activities. The pricing decisions of sales managers affect the operations and 
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vice versa. Collaboration between sales, operations and financial functions is required 

to optimize the total profit of the company. (Grimson & Pyke, 2007, p. 323-326) 

This master‟s thesis focuses on the use of the demand-supply balancing process in 

supply chain management in a heavy capital investment oriented and highly uncertain, 

global market driven, project environment. The objective of the process is to gain 

profitability, customer satisfaction and competitive advantage through operational 

excellence. The demand-supply balancing process can be seen as a way to match the 

demand to meet the supply (Croxton et al. 2002, p. 51). On the other hand it can also 

be used as a technique to adjust quickly to changing operating situations and market 

environment (Grimson & Pyke, 2007, p. 323). 

This thesis contains a business case study that has been implemented in a Finnish 

company named Outotec (Finland) Oy (hereinafter “Outotec”). Outotec operates in 

the mining and metals industry, where the competition is intense. As Outotec‟s 

customers focus more on reducing their operational costs, also Outotec concentrates 

on operational excellence; improving the efficiency and cost competitiveness of its 

operations. Outotec is working in a challenging business-to-business and project 

environment, where uncertainty is high, sales quantities are low and the demand 

varies. Outotec is also operating increasingly in service markets, where short delivery 

times are expected and crucial prerequisite for deal. The business case study 

introduces an example of how the demand-supply balancing process is applied in a 

real life context. It examines the demand planning and forecasting of industrial 

equipment and the materials management of a critical part of an analyzer product 

through demand-supply balancing process. The case study takes into account the 

whole life cycle of the analyzer product including both capital expenditures (CAPEX) 

and operational expenditures (OPEX). 
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1.1 Objectives and research questions 

Nowadays the supply chain management has been addressed as strategic function that 

can increase the competitiveness and profitability of the company. The collaboration 

between sales and supply chain management has also gained attention in the supply 

chain management‟s literature. By integrating the sales and supply, companies can 

achieve many advantages, for instance in terms of lower costs, better delivery times 

and increased customer satisfaction. The purpose of this master‟s thesis is to examine 

the demand-supply balancing process as a part of supply chain management. The 

thesis provides answers to the following research questions: 

1. How to match the demand and supply effectively? 

1.1 How to plan and forecast the demand of industrial equipment under 

uncertain project-oriented environment? 

1.2 How to manage the materials in supply chain by applying the demand 

forecasting information? 

1.3 What are the metrics to be monitored in order to measure the results 

and performance of the demand-supply chain balancing process? 

This thesis searches the demand-supply balancing process as a way to match the 

demand with supply. It seeks ways to gain more flexibility and efficiency to the 

management of supply chain through the process. The demand planning and 

forecasting is studied in order to find appropriate working model. It aims to create 

accurate and reliable demand forecast for industrial equipment under uncertain and 

project-oriented environment. Furthermore, this thesis aims to answer to the question 

of how the demand and supply could be synchronized and searches the procedures for 

the demand and supply synchronization. It is studied further how the demand forecast 

could be applied in the materials management of supply chain by applying the 

process. This thesis also provides suggestions for metrics to be monitored and 

measured in order to ensure the profitability and continuous improvement of the 

process. 
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1.2 Limitations 

This thesis is written from the supply chain management‟s point of view. The sales 

and marketing literature is not studied in detail. The thesis is limited to study 

industrial companies working in agile and volatile project-oriented and business-to-

business environment. According to Kerkkänen (2010, p. 16-17) industrial companies 

work in an environment, where different parties acquire services and goods to be used 

in a manufacturing of the other parties. Industrial markets have characteristics that 

differ from the consumer markets. Typical characteristics of industrial context are: 

derived demand in supply chain, fewer and larger buyers and close customer and 

supplier relationships. (Kerkkänen, 2010, p. 16-17) 

The international project business context can be described as complex, dynamic and 

constantly changing. Uniqueness and discontinuity are characteristics of the projects. 

Nowadays the projects have become more and more customer oriented. Maximizing 

the profits of a single project is not the primary target anymore. Now the aim is to 

create value to the customer throughout the whole customer relationship. In the 

project business, the good experiences and customer satisfaction during the project 

can result better customer references and increase the customer satisfaction. In many 

cases the projects are designed and planned in collaboration with the customer. The 

customer is supported through the whole life cycle: spare part deliveries, maintenance 

services and other elements. The companies in the project environment are becoming 

more and more solution and service providers. (Jalkala & et al. 2010, p. 125-132) 

In project organizations, such as the case company of the thesis, the delivery times 

are often very tight due to an intense project implementation schedule. In general the 

planning might be done poorly or not completed at all in projects, since projects are 

implemented in a very limited time frame. In the project business, the purchases are 

not often repeated, since all projects are unique with their specific goal and available 

resources. In most cases the single purchases are done to a single “one time vendors”. 

In some cases it might be hard to assess the accurate price level and the quality of the 
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vendor or products, when there are no experiences from the history. (Iloranta & 

Pajunen-Muhonen, 2008, p. 174-175) 

Since the order entities are large and the monetary value of the orders and risks are 

higher in the projects, the companies have invested in the procurement function. In 

the project procurement the professional skills and experience of the project 

purchaser are in vital role. The competence of the purchasers has increased and the 

strategic role of procurement has strengthened. The competence of the purchaser 

affects critically to the success and financial outcome of the project. (Iloranta & 

Pajunen-Muhonen, 2008, p. 174-175; Jalkala & et al. 2010, p. 128) 

1.3 Definitions of key terms 

This chapter presents and defines the meaning of the key terms and concepts used in 

this thesis. The determination of supply chain management, demand-supply balancing 

process, supply chain efficiency, effectiveness and flexibility are introduced as well 

as the concept of managing uncertainty in supply chains. 

Stadler (2005, p. 576) defines the concept of the supply chain management as follows:  

“Supply chain management (SCM) is the task of integrating organizational units 

along a SC and coordinating materials, information and financial flows in order to 

fulfill (ultimate) customer demand with the aim of improving competitiveness of the 

SC as a whole”. The supply chain management can also be seen as the integration of 

key processes related to the supply chain (Croxton et al. 2001, p. 13). The demand-

supply balancing process is seen as an important process and part of the supply chain 

management (Lambert et al. 1998, p. 2; Mentzer & Moon, 2005, p. 7; Thomé et al. 

2012, p. 260). 

The demand-supply balancing process is the term used in this thesis and within the 

case company. Other terms found from the literature are: the demand management 

process (Croxton et al. 2002, p. 51) or demand-supply chain management “DSCM” 

(Hilletofth, 2011, p. 184). On a tactical level it is also often referred to a sales and 
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operations planning (S&OP) process. The demand-supply balancing process is 

defined as a supply chain management process that balances the requirements of the 

customer with the capabilities of the supply chain (Croxton et al. 2002, p. 51). The 

demand planning is about forecasting the sales and determing the expected events 

that may affect the future sales. The expected events may be controlled (for example 

promotions) or caused by competitor‟s actions (for example new product launches) or 

influenced by other parties (external events). (Stadler, 2005, p, 580) 

The efficiency is considered as the excellence of company‟s internal operations. The 

effectiveness on the other hand is about the external performance of the company. 

The companies need to contemplate the balance between inventories and costs, 

meaning how to stay responsive to demand while maintaining cost efficiency with 

reasonable inventory level. The possibilities to reduce inventories should be 

recognized, but at the same time the customer service needs to be improved. 

(Kalchschmidt et al. 2009, p. 268-273) According to Lau (2012, p. 640) the supply 

chain capabilities can be defined as “the available resources and expertise of the 

organization to attain efficiency and responsiveness”. The company can achieve only 

certain level of effectiveness and responsiveness with limited resources and 

capabilities. 

The supply chain flexibility can be recognized as one respond to manage the 

environmental uncertainty. The external flexibility is about creating competitive 

advantage and the internal flexibility is linked into how the company can achieve the 

external flexibility. Inventory management and demand forecasting are the enablers 

of internal flexibility that in the end can increase the customer satisfaction. The 

supply chain flexibility also affects the supply chain efficiency. It can be concluded 

that the enablers of flexibility can increase the operational excellence. (Kalchschmidt 

et al. 2009, p. 265-273) 
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The uncertainty in supply chains can be defined as an undesired disruption or 

unexpected event occurrence. Demand uncertainty is a factor that influences the 

supply chain performance and one of the most challenging uncertainty problems 

comes from the customer demand. Other aspects of the uncertainty in supply chain 

are: time, quantity, location, quality and cost. The uncertainty can occur from the 

performance of suppliers or manufacturers or as mentioned it can occur from the 

customer demand. For example even the most reliable supplier might not be able to 

deliver on time, it might have some limitations to its capacity or the production 

machines may fail to work unexpectedly. (Szozda & Werbińska-Wojciechowska, 

2013, p. 74-76) 

1.4 Research methodology 

The master‟s thesis is divided into two sections; a literature review and an empirical 

research. In the theory section, the literature of the demand-supply balancing process 

is studied in detail. The theoretical view is based on academic scientific articles and 

books related to the supply chain management literature. The empirical section is 

based on the theory section. 

The thesis presents a qualitative research in the empirical section. According to 

Hirsjärvi et al. (2004, p. 155) in qualitative research the information is gathered 

through people. Qualitative research methods are for example theme interviews, 

detective participation, group interviews and discursive analysis of different 

documentation and texts. It aims to multifaceted and detailed studying of the 

information. In qualitative research, the structure of the thesis can be developed 

during the research process. (Hirsjärvi et al. 2004, p. 155) Figure 1 presents the 

research design of this thesis. The research design presents a plan of how the research 

questions of the thesis are answered (Saunders et al. 2009, p. 108). 
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The data collection and data analysis of the thesis is triangulate. Triangulation refers 

to the use of multiple data sources and techniques in order to ensure the data is 

accurate and reliable. In this thesis multiple sources of information are used and it 

contains different data collection techniques: interviews and meetings at the case 

company, a benchmarking interview, analysis from different databases of the case 

company and other discussions with the employees of the case company. 

According to Hirsjärvi et al. (2004, p. 193) in qualitative research the interview is one 

of the main methods used. The benefits of interviews are flexibility in information 

collection. It gives the researcher a possibility to deepen the answers and ask further 

questions. The interviewees can also be contacted later for additional questions. 

Weaknesses of the interviews are that it takes a lot of time and misunderstandings 

between interviewee and interviewer are possible. (Hirsjärvi et al. 2004, p. 193-196) 

Observations are one research method used in the thesis. In observation method the 

researcher is part of the operations and makes observations about the research topic 

(Hirsjärvi et al. 2004, p. 205). In this thesis the researcher is seen as a vital part of the 

study and close understanding of the research context is required. The time horizon of 

the thesis is cross-sectional. The thesis searches a particular phenomenon at particular 

time and the interviews were conducted over a short period of time. (Saunders et al. 

2009, p. 146-155) 

Figure 1. Research design of the thesis (Adapted from Saunders et al. 2009, p. 108). 

 
Data collection 

and data analysis: 

Triangualation 

Time horizon: 

Cross-sectional 

Choices: 
Multi-method 

Strategy:  
Case study 

Approach: 
Inductive 
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The empirical section of the thesis presents a business case study from the mining and 

metals industry. The case study as a research strategy introduces detailed and 

intensive information concerning one case or small group of cases (Hirsjärvi et al. 

2004, p. 125). The case study investigates the literature view of a particular 

phenomenon and applies the theory into a real life context. This thesis contains one 

case study, which means it is defined as a single case study. The case study is also 

defined as embedded case study, since it is limited to study only one particular 

product of the case company. The research can be defined as multi-method qualitative 

study, since it contains multiple data collection methods. (Saunders et al. 2009, p. 

124-136) 

The research includes characteristics of an inductive approach. In inductive analysis 

the theory is build in accordance with the results of the collected data. The researcher 

collects the information based on a close understanding of the research context, but 

no hypotheses are made. The inductive approach enables flexible structure that allows 

more changes. (Saunders et al. 2009, p. 124-127) In this thesis the literature was 

studied in detail before the data collection phase in the case company. Afterwards the 

theory section was modified and limited in accordance with case study results. 

1.5 Structure of the thesis 

The structure of the thesis is organized as follows. Chapter two presents a literature 

view of the demand-supply balancing process. The theory of demand planning and 

forecasting, synchronization of demand and supply and the measurement of the 

results are explained in detail. In the chapter three the backgrounds of the case 

company are introduced. Chapter four presents the business case study implemented 

within the case company. The results of the case study are evaluated and further 

development suggestions for Outotec are presented in chapter five. Chapter six 

introduces the conclusions of the thesis. The content of the thesis on a general level is 

presented in Figure 2. 
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Figure 2. The content of the thesis on a general level. 
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2 THE DEMAND-SUPPLY BALANCING PROCESS 

This chapter presents a literature review of the demand-supply balancing process. The 

demand-supply balancing process is about forecasting the future demand and 

synchronizing it with supply chain capacity and supply related operations: 

procurement, sourcing, production and logistics (Croxton et al. 2002, p. 57). 

Figure 3 presents three different phases of the demand-supply balancing process that 

are studied further in this thesis. This chapter is constructed as follows: first the 

demand planning and forecasting methods are introduced, second the synchronization 

of demand and supply is studied further, and next the measurement of results and 

different meters are introduced. In the final chapter the content of this chapter is 

summarized. 

 

Figure 3. The phases of the demand-supply balancing process. 

The demand-supply balancing process can be studied from both strategic and 

operational point of view. From the strategic point of view, the company reviews the 

strategy of the company, determines the long-term focus and objectives and develops 

the procedures for the process according to the determined long-term objectives. On 

the operational level the process is about executing the day-to-day activities 

according to the determined process procedures. (Croxton et al. 2002, p. 53) 

Demand planning and forecasting 

Synchronization of demand and supply 

Measurement of the performance 
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2.1 Demand planning and forecasting 

Demand planning and forecasting is a vital part of the demand-supply balancing 

process. The sales forecast can be defined as a projection of the expected demand in 

the future; it tells what could be sold to the customer in the future (Grimson & Pyke, 

2007, p. 324; Mentzer & Moon 2005, p. 10).  

The demand planning is not considered only as the sales forecast, it takes into account 

multiple inputs and elements that may affect the future demand. For instance 

company‟s resources, production capacity, marketing input, product/brand 

management, statistical analysis, business plan and strategy are considered. As well 

as the environmental factors like competition, customer, technology, economic trend 

etc. The demand forecasting is initial step for business planning and it should be 

applied in the decision making process of the company irrelevant to the business 

activity, size, sector or market. (Szozda & Werbińska-Wojciechowska, 2013, p. 77-78) 

It should be considered that the position of the company in the supply chain and 

different types of demand affect to the role of demand planning and forecasting. 

Independent demand presents the demand of the end-use customer in the supply chain; 

it determines the true demand for the supply chain. The second demand type in the 

supply chain is derived demand. The derived demand presents a demand that is 

derived from what the other supply chain members do to meet their demand for their 

direct customers. As mentioned earlier, the derived demand is common among 

industrial companies. The third demand type is dependent demand, which is a 

demand for components or parts that go into a product. (Mentzer & Moon, 2005, p. 3) 

2.1.1 Selecting the appropriate forecasting approach 

Demand forecasting is more commonly used in consumer markets, where demand is 

continuous and forecasting based on historical data is more accurate and easily 

available. Nowadays the demand forecasting has increased its interest also in the 

industrial markets. In the industrial markets the business environment is different; 
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single customer is more important and demand patterns are more volatile. The 

historical demand information does not always give appropriate forecast and 

judgmental forecasting methods are in important role. The differences between 

consumer and industrial market should be understood and addressed before selecting 

and implementing the forecasting method. (Kerkkänen et al. 2009, p. 43) 

Multiple demand forecasting techniques exist. The company should determine and 

select the appropriate forecasting approach for their business (Croxton et al. 2002, p. 

54-55; Mentzer & Moon, 2005, p. 10; Kerkkänen et al. 2009, p. 43). Complexity and 

variety of the forecasting requirements differ from business to business. Operational 

forecasting supports the day-to-day activities, while strategic forecasting aims to 

embrace the long-term planning of resources. (Voudouris et al. 2008, p. 51)  

The choice of a right forecasting technique is not truism. In order to understand and 

select the appropriate forecasting method, company needs to understand the 

characteristics of the different forecasting method groups. When the appropriate 

forecasting group has been recognized, it is easier for the company to choose more 

specific forecasting method. The sales forecasting methods can be categorized in two 

main groups: qualitative (also known as subjective or judgmental) methods and 

quantitative (statistical) methods (Mentzer & Moon, 2005, p. 16-18, p. 144). The 

quantitative and qualitative forecasting methods are explained further in the chapter‟s 

2.1.2 and 2.1.3. 

The level, accuracy and time horizon of the forecasting should be determined in 

accordance with the company‟s business environment and forecasting information 

requirements. The company should determine what kind of information is actually 

needed in which case and what kind of forecasting information is available. (Croxton 

et al. 2002, p. 55) It is also important to take into account the reliability and quality of 

the information used in the demand planning. Proper demand planning cannot be 

performed without available and reliable information. The poor data can lead to an 

insufficient management of the materials in supply chain. The reliability of 
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information flows concerns the uncertainty of the information. The uncertainty of the 

information affects outcome of the operational processes and creates errors. (Szozda 

& Werbińska-Wojciechowska, 2013, p. 76) 

Voudouris el al. (2008, p. 52-63) also states that the forecasting accuracy depends on 

the use of the appropriate forecasting method in the right business environment. The 

company should recognize the forecasting accuracy or error in particular situations. 

Fewer safeguards against the uncertainty are needed if the forecast is accurate. If the 

company fails to address the inaccuracy of the forecast, it will lead to a failure in 

demand fulfilling and affect the business performance. (Voudouris et al. 2008, p. 52-

63) 

The planning time horizon is one of the key decisions in the forecasting. The 

planning horizon typically varies between six months to three years. The industry, 

product seasonality and time of year affect the planning time horizon. Some 

companies may also use a rolling forecasting horizon, which means they update their 

plans and forecast in a regular follow up meetings. (Grimson & Pyke, 2007, p. 324) 

In circumstances where multiple products, services, customers and geographies exist, 

one way to determine appreciate forecasting approach is to segment products into 

different categories (Croxton el al. 2002, p. 55-56; Voudouris et al. 2008, p. 53). 

Figure 4 presents a segmentation of the products according to the demand variability 

and demand volume. 
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In case the products have low demand variability it is recommended to use the 

quantitative forecasting methods. When the demand variability is high and demand 

volumes are low, make-to-order production is the appropriate approach. Products 

with high demand variability and high demand volume require more human input 

from sales force and customers. In this case the qualitative forecasting methods are 

recommended. (Croxton et al. 2002, p. 55-56) 

The quantitative and qualitative methods can also be integrated in order to optimize 

the demand forecast. Judgmental information can be added to statistical forecast and 

vice versa. The integrated forecasts are more accurate than quantitative or qualitative 

forecast alone. (Voudouris, 2008, p. 59) The judgmental information integrated with 

statistical forecast model improves the forecasting accuracy. For instance the 

judgmental affects to the demand do not always appear in statistical forecasting 

models. (Trapero & Pedregal, 2012, p. 276) 
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Figure 4. Segmentation of products in order to determine appropriate forecasting 

approach (Croxton et al. 2002, p. 56). 
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2.1.2 Quantitative forecasting methods 

Numerous statistical methods exist from relatively simply forecasting methods to 

complex computing techniques (Voudouris, 2008, p. 57). Time series techniques and 

regression analysis can be seen as the two main categories of quantitative forecasting 

methods. The methods are based on historical demand information and statistical 

research. Time series techniques are based on historical sales patterns and regression 

analysis is based on the correlation between historical demand information and 

external factors. 

Time series techniques are endogenous, which means that only historical information 

of sales patterns is used and other external factors aren‟t considered. Time series 

techniques identify the sales patterns and project the patterns into the future. Four 

basic time series patterns can be recognized; level (horizontal), trend, seasonality and 

noise patterns. (Mentzer & Moon, 2005, p. 74-76) The different time series patterns 

are demonstrated in the Figure 5. 
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Figure 5. Different time series patterns (Adapted from Mentzer & Moon, 2005, p. 75). 



27 

 

Level presents a horizontal sales history pattern, which is the sales pattern without no 

trend, seasonality or noise. Trend is a pattern of sales increase or decrease; it can be 

straight line or a curve. Seasonality is a repeating pattern of sales‟ increases and 

decreases, which occurs within a certain time period. Noise is a sales pattern that 

varies randomly and cannot be explained with time series techniques. Regression 

analysis or qualitative forecasting techniques can be used to explain the noise pattern. 

(Mentzer & Moon, 2005, p. 74-76) 

Regression analysis is exogenous. It examines how the demand and outside factors 

are correlated. The regression analysis is a statistical method, which analyses the 

correlation between dependent variable and independent variables. The demand is 

dependent variable, since is dependent on the values of other factors. The 

independent variables are other factors, which might be correlated or co-related with 

the demand. The different phases of regression analysis include selection of variables, 

construction of the mathematical model and model validation. (Mentzer & Moon, 

2005, p. 113-120) 

The regression analysis can be used to analyze the demand. It reveals the factors, 

which affect the demand. This helps to explain why the demand fluctuates. The 

regression analysis can also be used to discover the importance of certain factors, the 

factors that have the most effect on the demand. This information could be used for 

example to improve the sales activities. The regression analysis can also be used as a 

forecasting tool. The future values of the independent variables can be used to 

forecast the future demand, if the factors correlate highly with the dependent variable.  

(Mentzer & Moon, 2005, p. 113-114)  

According to Voudouris (2008, p. 58) the statistical methods are reliable; they use 

efficiently available data and are less prone to bias than qualitative methods. But it 

should be noticed that quantitative forecasting methods are only possible, if the 

required data is available. The company should consider carefully, if any patterns that 

can be modeled and interpreted actually exist. Furthermore it should be noticed that 
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the historical data might not reflect the future demand in the fast-moving markets. 

(Voudouris, 2008, p. 58) 

2.1.3 Qualitative forecasting methods 

Qualitative methods are based on opinions, knowledge, experience, intuition and 

judgment. The terms “judgmental” or “subjective” methods can be seen as synonyms 

for the qualitative methods. In some cases qualitative methods are used when no 

demand history exists or it is not considered relevant or sufficient. Using an opinion 

of expert is actually widely used method in practice among industrial companies. 

Experts can present internal executives like salespeople, marketing people or other 

corporate executives. In some cases the expert can also come from an external source. 

The qualitative forecasting methods are focused more into predicting the future than 

explaining the past. The qualitative methods can also be used to adjust quantitative 

forecasts. (Mentzer & Moon, 2005, p. 144-145; Kerkkänen, 2010, p. 26) 

Qualitative methods incorporate information that does not exist in the historical data 

(Voudouris, 2008, p. 58). Reasons for the company to use qualitative methods in 

sales forecasting are: demand uncertainty, lack of quantitative data, high data 

variability or high effectiveness of contextual information (Kerkkänen et al. 2009, p. 

2). One important advantage of qualitative forecasting is that it can predict the future 

changes, which do not occur in the demand patterns. Compared to the quantitative 

forecasting methods, which cannot predict the future changes. (Mentzer & Moon, 

2005, p. 144-145) 

One problem of the quantitative forecasting methods is that it is relatively expensive 

as it requires a lot of managerial and analyst time (Mentzer & Moon, 2005, p. 147). 

Other serious problem of qualitative methods is the affect of bias to the forecast 

(Voudouris, 2008, p. 58). According to Trapero & Pedregal (2012, p. 276) the bias 

can be defined as: “The intentional manipulation of forecasting processes to gain 

personal, group or corporate advantage”. According to Lapide (2014, p. 5) in 

optimum situation the demand forecast is unconstrained and unbiased. The forecast is 
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created by a credible and professionally run forecasting organization. The forecast 

should be considered as “innocent until proven guilty”, in other words the forecaster 

should be prepared to explain the forecast by facts, figures and different assumptions. 

(Lapide, 2014, p. 5) 

2.1.4 Collaborative forecasting 

All members of the supply chain are part of a network and are interdependent; the 

performance of an individual company affects the performance of the whole supply 

network. If there is a problem in one company and it causes problems for the whole 

supply chain and affects the effectiveness of the whole supply chain. (Paik & Bagchi, 

2007, p. 308-309) The aim of supply chain collaboration is to find the optimal 

solution for all members of the chain instead of suboptimal solutions for each one. 

Information sharing in the supply chain is one way to achieve the objective of 

collaboration. Information sharing also improves the forecasting performance. 

(Trapero & Pedregal, 2012, p. 279-281) 

One of the problems in supply chain management is phenomenon known as the 

bullwhip effect. The bullwhip effect means that the order variability amplifies as the 

order moves up along the supply chain. The bullwhip effect can also be described as 

the increase of order variability and uncertainty at each stage of the supply chain. Due 

to an increased uncertainty and variability, the members of the supply chain increase 

their safety inventory levels in order to maintain the established service levels. The 

situation may lead to an inefficient use of resources, poor customer service and lower 

profitability. (Paik & Bagchi, 2007, p. 308-322) In order to minimize the bullwhip 

effect the supply chain should work according to the independent demand (the actual 

customer demand) instead of derived demand.  

Collaborative forecasting is about creating a common demand forecast by sharing 

information and solving problems together both inside the company and within the 

external partners. In collaborative forecasting all the members of the supply chain 

participate in decision-making concerning the demand that will drive the chain. 
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Collaborative forecasting gathers externally and internally all the information and 

expertise that can be used to define the most accurate and effective forecast. The 

forecast is supported and used by the entire supply chain. (Helms et al. 2000, p. 293-

295) When employing collaborative forecasting, company is able to reduce 

inventories, lead-time, lower the risks and supply chain costs. At the same time the 

company will be able to increase the forecasting accuracy and provide better 

customer service. (Helms et al. 2000, p. 393-397) 

2.2 Synchronization of demand and supply 

This chapter introduces process and methods for the synchronization of demand and 

supply. First the integration of demand and supply focused processes is examined. As 

an effective way to synchronize the demand and supply, the sales and operations 

planning (S&OP) process is presented. In the final chapter, the link between the 

demand forecast and supply chain planning is analyzed. 

2.2.1 Integration of demand and supply processes 

The synchronization of demand and supply can be seen as integration between the 

demand and supply-focused processes. The objective of the demand and supply 

integration is to obtain competitive advantage by providing superior customer value 

at lowest cost (Figure 6). The coordination of demand and supply chains is presented 

in Figure 6. (Hilletofth, 2011, p. 184-186, p. 189) 
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Marketing, sales and customer relationship management are demand-focused 

processes: trying to fulfill the customer requirements (Esper et al. 2010, p. 5). 

According to Hilletofth et al. (2001, p. 184-186) demand chain management 

coordinates and manages all the processes necessary to understand, create and 

stimulate customer demand. Demand led companies‟ focus on the demand processes 

to gain competitive advantage by providing superior customer value. (Hilletofth, 

2011, p. 184-186) 

According to Helms et al. (2000, p. 392-393) the objective of the supply chain 

management is to meet the needs of the end customer by delivering at the right time, 

place and price. The demand of the final customer presents the actual force that drives 

the activities of supply chain. Logistic, procurement, sourcing and other supply 

operations can be considered as supply-focused processes (Esper et al. 2010, p. 5). 

The supply chain management aims to manage all the supply processes to meet the 

customer requirements effectively. Supply led companies‟ concentrate to manage the 

Market (customers) 
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Figure 6. Coordination of demand and supply chains (Adapted from Hilletofth, 2011, 

p. 189). 
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supply processes in order to gain competitive advantage by providing comparative 

customer value at lowest cost (Figure 6). (Hilletofth, 2011, p. 184-186) 

To maximize the effectiveness and efficiency in supply chain, both demand and 

supply chains require active management. Company may be demand or supply driven, 

which means that either demand or supply chain is usually prioritized in the company. 

This depends on the market characteristics, strategy and goals of the company. 

(Hilletofth, 2011, p. 184-186) In order to create more value to the customers and 

competitive advantage through demand-supply balancing, the demand and supply 

processes should be integrated and coordinated to work together (Esper et al. 2010, p. 

8; Hilletofth, 2011, p. 184-186). 

The demand-focused decisions should not be made in isolation of supply issues. The 

supply function should make sure that the profitability goals and plans of sales are 

linked to the actual supply potential. The demand plans should also aim to improve 

the supply issues. Often the consequences of the decisions made by sales and 

marketing make the task of supply challenging. It may also result higher uncertainty 

and volatility of demand. (Lapide, 2013, p. 4-5) 

In case the demand and supply chain processes are isolated, it can lead to mismatches 

between the demand and supply capabilities. (Esper et al. 2010, p. 6) The supply and 

demand side should work in cooperation in order to find the right balance. Programs 

that aim to correct the unbalanced demand and supply should be created. For example 

if there is an excess of materials or surplus inventories or underutilized plants, the 

demand and supply should find together corrective actions. Otherwise the situation 

may cause significant inventory write-offs and obsolesce. Vice versa, if the demand 

excesses the supply, emergency actions need to be taken in order to meet the demand. 

The unbalanced situation leads to a higher cost and decreased profit. The higher costs 

results from paying higher prices for materials and components as well as increased 

expediting cost and paying more for emergency shifts at the plant. (Esper et al. 2010, 

p. 6; Lapide, 2013, p. 5) 
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2.2.2 Sales & operations planning (S&OP) process 

The synchronization procedures for demand and supply may vary among different 

business areas, product lines and products. The sales and operations planning (S&OP) 

process is often referred as an operational process for synchronizing the demand and 

supply. The S&OP process is an effective way to enhance the collaboration and 

communication between sales and supply functions. The S&OP process also links the 

strategic objectives to daily operations (Grimson & Pyke, 2007, p. 323). The S&OP 

process is presented in Figure 7. 

 

 

 

 

 

 

The S&OP process combines the sales forecast and supply capacity plan into a 

consensus-based and unconstrained demand and operational plans in order to meet 

the customer demand effectively (Figure 7) (Mentzer & Moon, 2005, p. 10-11). The 

S&OP process is ongoing and repeatable (Lapide, 2014, p. 5). According to Thomé et 

al. (2012, p. 360) the demand-supply balancing process should be performed and 

reviewed at least once a month. Grimson and Pyke (2007, p. 324-325) define five 

different steps for the S&OP process. The different steps of S&OP planning process 

are presented in Figure 8. 

Figure 7. The sales and operations planning (S&OP) process (Mentzer & Moon, 

2005, p. 11). 
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Figure 8. Phases of the sales and operations (S&OP) planning process (Adapted from 

Grimson & Pyke, 2007, p. 324-326) 

The first step of the process is to create the demand forecast. According to Croxton et 

al. (2002) the procedures for the demand forecasting are determined already in the 

strategic level. The company should collect the relevant data and then create the sales 

forecast. The different demand planning and forecasting methods are introduced 

earlier in detail in chapter 2.1.  

The second step is to create the capacity plan also known as supply plan. The supply 

plan is a plan to meet the forecasted customer requirements. According to Mentzer & 

Moon (2005, p. 10) the determination of the capacity plan is determined as “the 

projection into the future about what supply capabilities will be, given a set of 

environmental assumptions”. In the plan the capabilities of the supply chain are 

considered; the current inventory level and capacity limitations. (Croxton et al. 2002, 

p. 10, p. 61) 

In the third phase the sales and operations teams meet in a formal S&OP meeting. In 

the S&OP meeting the team combines the sales, marketing, development, 

manufacturing, human resource, sourcing, logistics and financial plans into 

consensus-based demand-supply plans. The demand-supply plans aim to answer the 

question “how the company will meet the demand effectively”. (Croxton et al. 2002, 

p. 57; Grimson & Pyke, 2007, p. 325; Mentzer & Moon, 2005, p. 10) The supply-

demand plans can be either short-term plans concerning monthly or daily time 

horizon or long-term plans dealt with strategic decisions (Thomé et al. 2012, p. 260). 
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In the meeting the demand forecast and supply plan are compared and constrains are 

recognized. As constrains are found, the team is able to determine how to solve the 

bottlenecks, allocate the available resources and prioritize the demand. For example 

decisions on how much demand the company is actually wants to meet, who are the 

customers that are prioritized or what actions are feasible for the company are made 

in the meeting. (Croxton et al. 2002, p. 61) 

The frequency of the S&OP meetings varies case by case. The common practice is to 

meet regularly, but the meetings can also be event-driven. The event-driven meetings 

are arranged to deal with exceptional situations. (Grimson & Pyke, 2007, p. 324-325) 

The demand-supply planning horizon is recommended to be as long as the longest 

lead-time. In the planning of demand the lead-time for labor, equipment, process and 

indirect materials should be considered. In sales and marketing activities the pricing, 

promotional, a new product launch product placement lead-times should be taken into 

consideration. (Lapide, 2014, p. 5) 

In order to success, the S&OP meetings should have ongoing routine, even thought it 

seems that no changes in the current plans are needed. It should be decided in the 

meeting, if the plans are to be changed. The meetings should also follow a structured 

meeting agenda. In the meeting the performance of past plan is evaluated and the 

plans are reworked to respond to the future demand. The output of the meeting is 

consensus-based plans that can be put to implementation. The commitment and 

engagement of the participants is important in order to have successful S&OP 

meeting. (Lapide, 2014, p. 4-5) 

The fourth step is to distribute and implement the plans created in the S&OP meeting. 

The last step is the measurement of the results and effectiveness of the process. The 

measurement of results is introduced in detail in chapter 2.3. (Grimson & Pyke, 2007, 

p. 324-325) 
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According to Thomé et al. (2012, p. 260) the key characteristics of the S&OP process 

are: 

- Cross functional and tactical integrated planning process within the company 

- One integrated plan for the whole business 

- Integration of corporative strategy to operational planning 

- Time frame from less than three months up to eighteen months 

- Creates value and affects the performance of the company 

The S&OP process should be carried out in a cross functional team. The team 

consists of managers or team members from different functions: sales, finance, 

marketing, inventory management, production planning, logistics, procurement and 

logistics. Also the external partners can be part of the team, for example key suppliers, 

customers or third-party providers. (Croxton et al. 2002, p. 53; Grimson & Pyke, 

2007, p. 325) 

The focus and objectives of the process varies case by case. For example new product 

launches have uncertain demand and it is important to make sure that the products are 

available for the first-time buyers. The supply channel of new product involves 

uncertainty and demand variation. It establishes how the products will flow through 

the new supply chain. In this case the focus of the process is to develop an operational 

plan that is flexible. The flexibility can be increased for instance with sufficient 

inventory planning along the downstream supply chain. (Croxton et al. 2002, p. 57-59; 

Lapide, 2013, p. 5) 

Different information technology (IT) systems can be used to support the 

synchronization of demand and supply. For example Enterprise Resource Planning 

(ERP) systems can be implemented to facilitate the synchronization. (Croxton et al. 

2005, p. 53-59; Grimson & Pyke, 2007, p.324-325) Today the information and 

communication technology offers many opportunities for fast information exchange. 
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Information concerning the orders, sales forecasts and other supply related 

information can be shared immediately at low cost. (Stadler, 2005, p. 578) 

2.2.3 The demand forecast and planning of supply chain activities 

The objective of the supply chain planning is to prepare the supply chain for the 

arrival of customer orders in a way that the supply chain matches the demand (Vogel, 

2013, p. 46). The demand forecast and supply chain planning are linked. The demand 

forecasting plays a critical role in supply chain planning of the company, without the 

forecast it‟s impossible for the companies to manage their supply chains effectively 

(Mentzer & Moon, 2005, p. 11).  

The sales forecast is needed for a short-, mid- and long-term planning of procurement, 

logistics and production activities (Mentzer & Moon, 2005, p. 11-17). Strategic or 

long-term planning concerns the long time objectives of the company or the supply 

chain. It‟s about creating a strategy to meet the set goals. The strategic decisions have 

long time impact and are associated with high risk and many uncertainties. In 

strategic planning the choices concerning the structure of the supply chain and its key 

links are made. (Vogel, 2013, p. 27) For example decisions concerning the supplier 

development activities, storage facilities, transportation equipment, and plant and 

production equipment are part of the long-term planning. 

The mid- and short-term planning is needed for planning more detailed schedules. 

Mid-term planning concerns the efficient allocation and utilization of resources, for 

example production planning and scheduling can be seen as mid-term planning. Mid-

term planning horizon is normally at least one year or full seasonal cycle. Short-term 

planning horizon is from days to weeks. Operational short-term plans in supply chain 

are for instance distribution and transportation plans and decisions about lot sizing 

and sequencing. (Vogel, 2013, p. 27) 
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Many decisions concerning the supply chain must be done before the actual customer 

order becomes certain and it is also linked to the order penetration point. For example 

products make-to-stock (MTS) are determined and the procurement of raw materials 

and components with long lead-time are purchased prior to the customer order. 

(Kilger & Stadtler, 2008, p. 133) In MTS strategy the products are stocked in advance 

and the customer delivery times can be met fast, but it has risks associated with 

uncertain demand. In the make-to-order (MTO) strategy the company starts the 

production after receiving the customer order. The MTO strategy can provide wider 

variety of products with lower inventory risk, but usually has longer delivery times. 

(Teimoury et al. 2012, p. 359-360) The assemble-to-order (ATO) strategy is an 

approach, where the company can achieve customized products with lower costs and 

delivery time. Inventories are kept for modules and components, which are known in 

advance. The product differentiation is done at the final stage of the production after 

receiving the actual customer order. (Tsai et al. 2014, p. 1377) 

According to the inventory management theory, the demand uncertainty impacts the 

inventory level (de Leeuw et al. 2011, pp. 436-437) and the demand forecast is a vital 

part of the inventory planning. It‟s important to have accurate forecasts to support the 

production and inventory planning in order to meet the customer requirements in a 

profitable and efficient way. Higher inventory levels create more costs to companies. 

According to Småros (2005, p. 6) the costs associated with inventories are the costs 

of managing inventories, costs of facility management and the opportunity cost of 

tying money in inventories rather than using it more efficiently. 

2.3 Measurement of the performance 

Measurement is important for the continuous improvement and development of the 

demand-supply balancing process as well as for rewarding the good work. The 

measures used within the company may vary between different industries, product 

lines and processes. (Grimson & Pyke, 2007, p. 325) The money invested in the sales 

forecasting should be returned to the company as lower supply chain costs and 
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improved customer service (Mentzer & Moon, 2005, p. 44). It is important for the 

company to monitor how well the set objectives of demand-supply balancing process 

are achieved. The objectives might be long-term goals set on the strategic level, 

which are based on the company‟s strategy. On the other hand, it also is important to 

follow up the efficiency and effectiveness of the daily operations. The measurement 

is important also for the motivation and rewarding of employees. According to 

Croxton et al. (2005, p. 44) “What gets measured, gets rewarded and what gets 

rewarded, gets done”. When the company knows what the objectives are and how to 

measure them, it can reward those who achieve them. 

The company should create a framework for the measurement and follow up of the 

process performance (Croxton et al. 2002, p. 59). For instance Grimson and Pyke 

(2007, p. 325) propose different metrics for the sales function: the forecasting 

accuracy or error, sales growth and market share. The operations can be measured for 

example with inventory level, obsolete inventory, stock outs, variance to standard 

cost, quality and capacity utilization. Development cost, time to market, ramp-up time, 

and number of successful introductions are important metrics for the product 

development. (Grimson & Pyke, 2007, p. 325)  

The company should also understand and search how the performance is actually 

linked to company‟s financial performance. The recognition of the financial 

improvements through the process supports the future investments on the process. It 

also helps to determine the rewards of for the good performance. The financial 

performance of the demand-supply balancing process can be measured for instance 

with Economical Value Added (EVA). (Croxton et al. 2002, p. 59-63) According to 

Machuga et al. (2002, p. 59) EVA is one of the measurements and analytical tools, 

used to describe the financial performance and economic profit of a company. Figure 

9 presents a framework for examining the affects of the process performance to EVA. 
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Figure 9. Framework for the measurement company‟s financial performance and the 

demand-supply balancing process (Adapted from Lambert & Pohlen, 2001, p. 10). 

As can be seen from Figure 9, the demand-supply balancing process has an impact on 

the company‟s financial performance. The demand-supply balancing process may 

increase the gross margin of the company due to higher sales and decreased costs of 

goods. Improved sales forecasting, better customer service and increased product 

availability leads to a better customer loyalty and repeated business that result in 

higher sales. The increased sales may also result from improved market share, 

increased share of customer and reduced returns and markdowns. The market share 

can be improved with freshener products provided to the market, which result better 

product assortment and consumer appealing. Reduces of the returns and markdowns 

can make the company more preferred supplier. (Croxton et al. 2002, p. 59-60) 

The total costs of goods are reduced due to lower costs on raw materials and reduced 

manufacturing costs. The costs of raw materials will lower due to a fewer production 

changes made by the supplier and fewer expedited shipments. The manufacturing 

costs decrease due to a better scheduling. The total expenses can be reduced with 

better planning and scheduling. For example costs of manufacturing, logistics, 

storage and handling, order processing and inventory could be reduced (Croxton et al. 

2002, p. 51-60). 

EVA 

Net profit (+) 

Profit from 
operations 

(+) 

Gross 
margin (+) 

Sales (+) 

Cost of 
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2.4 Summary 

In this thesis the demand-supply balancing process is studied through three different 

phases: demand planning and forecasting, synchronization of demand and supply and 

measurement of the performance. Figure 10 presents different factors to be taken into 

consideration in the determination and implementation of the demand-supply 

balancing process. 

 

Figure 10. Factors to be taken into account in the determination and implementation 

of the demand-supply balancing process. 

Demand planning 
and forecasting 

•Determine the strategic 
and operative objectives 

•Select the appropriate 
forecasting approach 

•Define the forecasting 
process 

Synchronization of 
demand and supply 

•Determine the S&OP 
process phases, schedule, 
roles and responsibilities 

•Define the 
communication 

procedures internally and 
with the supplier 

•Outline the demand-
supply plans 

Measurement of 
results 

•Determine meters and 
follow up plan 

•Create the procedures for 
continuous improvement 
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The first phase of the process is about selecting the appropriate forecasting method 

and defining the demand planning and forecasting procedures. Table 1 summarizes 

the strengths and weaknesses of the different forecasting approaches. 

Table 1. Strengths and weaknesses of different forecasting approaches. 

Forecasting method Strengths Weaknesses  

Quantitative forecasting Reliable 

Less prone to bias 

Based on history 

Reliable data needed 

 

Qualitative forecasting External events 

Focus on the future 

Bias 

Cost 

 

Collaborative forecasting Effective supply chain 

as whole 

Sub-optimal solutions 

may attract 

 

Quantitative forecasting methods are used in a business environment, where reliable 

demand information is available. In general the quantitative methods are used in the 

consumer markets where the sales quantities are higher and demand patterns exist. 

The statistical forecasting provides reliable results that are less prone to bias. The 

linear regression analysis modeling can be used in forecasting by examining the 

correlation between the demand and other external variables. Still the quantitative 

methods basically rely on the historical demand information and do not take into 

account the fast changing market situations or other future events that may affect the 

demand. 

The qualitative forecasting is applied more in the industrial context, where demand 

quantities are lower and no sales patterns exist. It takes into account the events that 

cannot be forecasted statistically. The qualitative forecasting methods are used, when 

sufficient data does not exist. The downside is that the forecast is often quite 

expensive to form and the bias may affect the outcome. The qualitative methods 

concentrate on forecasting the future and not just analyze the past. 
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When creating the demand forecast in collaboration within the supply chain, 

companies can achieve efficient supply chain as whole instead of suboptimal 

solutions. Furthermore, the impact of the bullwhip effect is minimized. Still the 

companies may make sub-optimal supply solutions in order to gain more profit for 

their business.  

The company can find the best solution for their business by integrating the different 

forecasting approaches. The company should determine the internal and external 

factors that affect the demand of their business. After that the company can define the 

different forecasting methods and create appropriate demand forecasting and planning 

process. 

The S&OP process is recommended to use in the synchronization of demand and 

supply. The process can enhance the profitability of operations by maximizing the 

sale. The S&OP process also improves the management of inventories and increases 

the customer service level. The S&OP process is effective especially in situations, 

where decisions need to be made case by case and the demand is uncertain and varies. 

In the end the S&OP process is quite simple and it should be kept that way. It is hard 

to implement the process within the company, if it is too complicated, costly and 

unwieldy (Lapide, 2014, p. 4). The demand forecast is also applied in the proactive 

supply chain planning activities. The forecast supports the strategic decisions made 

within the supply chain, but also enhances the operative planning, for example 

inventory management and delivery schedule. 

Companies should monitor and measure the results and performance of the process in 

order to achieve the set objectives. The measurement is important for the continuous 

improvement. On the other hand, the results reveal if the process is not working 

properly. The metrics of the process should be set for the operative level as well as to 

aim for the financial improvement of the company.  
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3 OUTOTEC 

This chapter introduces the operating business environment and backgrounds of the 

case company, Outotec. The focus and objectives of demand-supply balancing 

process may vary in different industries, business environments and products. That is 

why it is important to understand the business context of the case study. This chapter 

introduces the characteristics of mining and metals industry, Outotec in short, 

uncertainties in Outotec‟s business environment and the benefits of the process for 

Outotec. 

3.1 The Metals & Mining industry 

Finland is one of the leading technology suppliers for the mining and metals industry. 

The globally increased standards of living, growth of population and urbanization 

will increase the demand of metals and minerals in the long-term. The metals are 

needed for instance in machines and devices, apartments, cars and electronics. Fast 

development of machines and technology creates more demand for metals. The 

industrial minerals are used for example in production of building materials, 

fertilizers, cosmetics and drugs. The global production concentration of metals and 

minerals is located in China, North America, South-America and Australia. (Kokko, 

2013, p. 1-59) 

The metal prices affect to the performance of mining and metals companies. The 

metal prices of gold, silver, platinum, copper, nickel and zinc have decreased between 

years 2012-2013. That is one reason why many mining companies suffered from 

unprofitable business at the beginning of the year 2013. In summer 2013 the prices 

started to increase. The metal prices are seen unstable. (Kokko, 2013, p. 1-59) 

The economical drops and cyclic situation are trends of the mining and metals 

industry. The growth of the investments in the industry globally started to slow down 

in year 2012. Some reasons for the slow growth are the economical crisis of Europe 

and slow recovery of North American markets. Many projects and investment 
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decisions have been displaced in the future. In year 2013 the macroeconomic 

situation has weakened and become slower, the growth expectations for the mining 

and metals industry for the near future have decreased. The international investors are 

careful and financing for the investment has become more difficult to have. The 

economical situation for the near future is seen uncertain. As the industry is cyclic, 

the current down bath is seen as economic setback. The views of the long-term 

demand are positive; the demand of metals and the amount of projects are expected to 

grow in the future. (Kokko, 2013, p. 1-59) 

3.2 About Outotec 

Outotec provides technology solutions and life cycle services for mining and metals 

industry. Outotec offers a strong portfolio of technologies for the entire value chain 

from ore to metals divided in two business areas: Minerals Processing and Metals, 

Energy and Water. For the Minerals Processing business area, Outotec designs and 

delivers minerals processing equipment, optimized processes and complete plants. 

For metals processing Outotec offers solutions from feasibility studies to complete 

plants. In energy sector Outotec works with renewable and conventional energy 

production technologies and services. Outotec provides also solutions for the 

industrial water treatment. Furthermore Outotec provides operation and maintenance 

services for the whole life cycle of the solutions for all business areas. (Outotec 2014) 

Outotec is a project organization and tailors all solutions according to the customer 

requirements. Outotec delivers all over the world to more than 80 countries. For 

Outotec, it is important to operate near to its customers. The sales and service centers 

of Outotec are located in 27 different countries covering six continents. Locations of 

Outotec‟s R&D, sales and service centers and manufacturing/assembly shops are 

presented in Figure 11. Outotec‟s operations are clustered in three different regions: 

APAC (Asia Pacific), EMEA (Europe, the Middle East and Africa) and the Americas. 

(Outotec 2014) 



46 

 

 

 

Figure 11. Locations of Outotec‟s R&D, sales and service centers and 

manufacturing/assembly shops (Outotec, Company Presentation, 2014). 

Roughly 90 percent of manufacturing is outsourced from external suppliers. 

Mechanical workshops, component manufacturers and local construction and 

engineering companies are typical suppliers of Outotec. Outotec aims to be attractive 

business partner and builds long-term and fair relationships with their suppliers. 

Outotec is continuously developing the supply chains and reaching for the top 

performance in projects. (Outotec, 2014) 

3.2.1 Outotec‟s mission, values and key figures 

The mission of Outotec is “to develop and provide technology solutions for the 

sustainable use of Earth‟s natural resources”. Outotec‟s strategy is based on 

competent people and values. Outotec aims to continuous profitable growth. It 

focuses on the customer centricity, delivery excellence and technology leadership. 

Outotec‟s core value is committed to the sustainability. Sustainability at Outotec 

means behavior, which is socially, environmentally and economically responsible. 

R&D, sales and service centers  

Manufacturing/assembly shops  
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With Outotec‟s core value sustainability, other values are building success together, 

aspiring for excellence and creating leading technologies. (Outotec 2014) 

Outotec was listed on the NASDAQ OMX Helsinki in October 2006 (Outotec 2014). 

In the year 2013 the net sales of Outotec corporate was about 1,9 billion euros and the 

operating profit was about 140 million euros. The order backlog at the end of 2013 

was about 1,4 billion euros and order intake was 1,5 billion euros. In year 2013 the 

number of Outotec‟s employees were about 4 900 person around the globe. (Outotec, 

2013, Financial Statements) 

3.2.2 Uncertainty of demand 

The current macroeconomic uncertainties, intense competition, weak market situation 

and metal prices have impacted also the sales and profitability of Outotec. The 

political and economical situation of Russia has decreased the business activities 

there. In January-September 2014 almost nine percent of Outotec‟s sales came from 

Russia and Outotec needs to be prepared for the continuing market slowness and 

possible impact of geopolitical uncertainties in Russia. Also the Ebola virus has 

influenced the business negatively in certain parts of Africa. Furthermore, the 

escalation of unrest in Middle East has caused project cancellations, delays and 

postponements of customer‟s investment decisions. In addition, the fluctuation of 

currency exchange rates and the availability of financing have lead to the customers 

to postpone order placements, suspend or cancel orders or delay the project execution. 

The current sales funnel of Outotec remains solid with a good level of prospects in 

various development phases. The biggest source of uncertainty in sales is the timing 

of new customer orders. (Outotec, Q1-Q3 Interim Report, 2014, p. 4-13) 

The metal prices are expected grow on average three to six percent to annum in line 

with global GDP growth in the near future. In short-term, the fluctuation of metal 

prices and the uncertainties in the global economy are expected to influence on the 

capital investment level and the operational spending on the market. Demand for 

water, energy and environmental solutions are expected to grow. The mining and 
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metals industry sector is also expected to increase due to higher production volumes, 

operational costs and environmental requirements that drive the investments towards 

more sustainable technology. The industry‟s volume growth and need to improve the 

production efficiency will also increase the demand of service solutions. (Outotec, 

Q1-Q3 Interim Report, 2014, p. 4-13) 

3.3 Benefits of the demand-supply balancing process at Outotec 

In Outotec‟s business environment the demand is uncertain and challenging to 

forecast. The supply chain solutions should be both flexible and able to adapt into 

changing situations, not to forget that at the same time the supply chains should also 

be efficient. The demand-supply balancing process is one way to improve the 

flexibility in supply chains and to find balance between the supply chain efficiency 

and responsiveness. According to Trapero & Pedregal (2012, p. 275) the demand 

forecasting is crucial for the efficient supply chain management, direct purchasing 

activities and for the resource planning of the company. Accurate forecasts can affect 

positively to operations management and benefit cost savings in supply chain 

management with better and more profitable financial decisions, greater 

competitiveness, enhanced channel relationships, better customer satisfaction, lower 

inventory investments, more efficient logistics and production operations and reduced 

product obsolescence. (Trapero & Pedregal, 2012, p. 275) 

At the moment, different product lines and functions at Outotec have their own 

procedures to carry out the demand-supply balancing process. The demand planning 

and forecasting procedures are more applied in the industrial equipment projects and 

within the service function. One of Outotec‟s objectives is to improve the profitability 

in operations, but at the same time increase the customer satisfaction (Korhonen, 

2014). The demand-supply balancing process can have a significant affects on the 

profitability of the company, which also extends also to other supply chain members: 

suppliers and customers (Croxton et al. 2002, p. 51). Figure 12 demonstrates how the 
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profitability could actually be improved at Outotec through the demand-supply 

balancing process. 

 

 

 

 

 

 

 

Figure 12 presents three different scenarios of how production costs may increase or 

decrease when the demand varies. In this case the production costs are determined to 

be the costs of managing the purchases and the purchase prices of Outotec‟s suppliers 

in projects. In the first scenario, the production costs always increase accordance with 

the growing demand. In theory the demand variation has no effect to the production 

costs. In the second scenario the demand is growing faster than the capabilities of the 

supply chain. The delivery time is short and no planning is done proactively. In this 

case the production costs grow and the profit of Outotec decreases. The growing 

production costs result from increased prices of Outotec‟s suppliers, overtime work, 

lack of resources, poor purchasing conditions, etc. In the third scenario Outotec is 

prepared to the growing demand and has proactively planned the needed supply chain 

capabilities and resources. In this case the production costs decrease due to a better 

purchasing conditions, effective supply chains and bundling of volumes. 

Figure 12. Demand forecasting and variation of production costs, three different 

scenarios. 

First scenario 

Second 

scenario 

Third scenario 

Production cost 

Demand 
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When employing the demand-supply balancing process, companies can integrate the 

demand and supply and be more proactive to anticipated demand (Croxton et al. 2002, 

p. 51). At Outotec the demand-supply balancing process can enhance the proactive 

planning of supply activities. The long-term forecasting is required to support the 

strategic planning of the supply capabilities and sourcing activities as well as the 

resource planning. In many cases the time for bringing in new suppliers, assessing the 

risks and quality issues, creating agreements with the suppliers, etc. can‟t be done 

during the project implementation phase. 

The short-term planning is needed for the planning of operational activities and time 

schedules for procurement, logistics, production and inventories. It is important 

especially in the OPEX side, where inventories are necessity and the delivery time is 

vital. According to the inventory management theory, external variables such as 

supply and demand uncertainty, supply and delivery lead times, batch sizes and 

product variety impact the inventory level (de Leeuw et al. 2011, pp. 436-437). It can 

be concluded that the demand forecasting, production and inventory planning 

activities are linked and play important role in the supply chain planning of a 

company. It‟s important to have accurate forecasts to support the production and 

inventory planning in order to meet the customer requirements effectively.  
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4 THE DEMAND-SUPPLY BALANCING PROCESS AT 

OUTOTEC 

This chapter presents a business case study of the use of demand-supply balancing 

process in the supply chain management of mining and metals industry equipment. In 

the first chapter the research methods used in the case study are presented. The 

information presented in this chapter is based on the information gathered through the 

research methods. The second chapter introduces the product line and the product. 

The objectives set for the process are presented in chapter 4.3. The chapter 4.4 

analyzes how the demand could be planned and forecasted. In chapter 4.5 it is 

described how to synchronize the demand and supply in a way that the material flow 

could be managed effectively by employing the S&OP process. In the last chapter 

suggestions for meters for the measurement of performance are proposed. 

The case study examines a supply chain of one critical part of an elemental analyzer. 

In Outotec‟s competitive and uncertain business environment one-size-fits-all supply 

solution is not appropriate for all parts, units and components. In real life context in 

order to have efficient demand-supply balancing process in place, all the parts, 

components and units of the analyzers with similar characteristics should be 

recognized and managed by applying the same procedures. 

4.1 Research methods 

The research strategy of the thesis is a single case study. The research methods used 

to collect the information were a benchmark interview, in-depth interviews with the 

key persons related to the process in the case company, meetings and observations of 

the researcher. Data used in the study was collected from different tools and 

databases of the case company. 

The key persons representing the departments of sales, production and product 

support, service and supply were interviewed. Totally six in-depth interviews were 

conducted. The list of interviewees is presented in Appendix 1. In the interviews a 
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theme interview structure was used. According to Hirsjärvi et al. (2004, p. 197) theme 

interview stands between structured and open interview models. Different themes for 

the interview are defined in advance. (Hirsjärvi et al. 2004, p. 197) According to 

Eskola & Suoranta (2008, p. 86) in the theme interview the exact form of questions 

and running order is missing. Some key words can be defined and listed to support 

the topics. The theme interview model was selected, because the objective of 

interviews was to have open discussion on defined topics. The interview template 

used in the interviews is presented in Appendix 2. The same interview template was 

used in all interviews, but the order of the questions varied and different additional 

questions were asked during the interviews. 

The benchmark interview has been one important source of the data collection. It was 

conducted in a company with similar business environment and product with 

coincident characteristic than the equipment of the case company. The researcher 

stayed in the benchmarking company for a one day. The day included introduction to 

the manufacturing and operations of the company as well as an interview and 

discussions about the demand-supply balancing process within the benchmarking 

company. This helped the researcher to have the understanding about the business 

context and operations of the benchmarking company.  

The demand-supply balancing process of the benchmark company and the case 

company were compared. Some discrepancies in the demand quantities and in 

production model were recognized. The demand quantities of the benchmark 

company were higher than at the case company. The production of the benchmark 

company is in-house and at Outotec the production is outsourced to assembly partners. 

The differences between the companies were taken into account in the comparison. 

The best practices found through the benchmarking interview are applied in the case 

study solution. The interview was conducted with structured questions determined in 

advance. The benchmark interview questions are presented in Appendix 3. 
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The research included also meetings with cross-functional steering group from the 

case company. In total there were four meetings evenly distributed throughout a nine-

month-period. The cross functional team consist of people from functions of supply 

and analyzer product development. Also researcher‟s personal working experiences, 

information from global databases and tools and the unofficial discussions at the case 

company are taken into consideration in the research. The researcher worked as part 

of the elemental analyzer project related to the business case study. It should be taken 

into account that the bias and views of the researcher may have affected on the results 

of the case study. 

After the information collection, the data was analyzed. According to Hirsjärvi et al. 

(2004, p. 209-210) the analyzation of information contains three different phases. The 

first phase is the inspection of information reliability. The possible misunderstandings 

and missing information needs to be recognized. After the reliability check the 

missing information needs to be gathered. In the last phase the information is 

organized. After the analyzation, the results are interpreted and conclusions are made. 

(Hirsjärvi et al. 2004, p. 209-210) The information gathered was transcribed and 

divided according to the interview themes. The gathered information was analyzed 

and the current state of the process at the case company was described in detail. 

In this case study the simple regression analysis was tested as a quantitative 

forecasting method to support the long-term forecasting of the demand. According to 

Mentzer and Moon (2005, p. 114) the regression analysis is a mathematical model 

that defines the correlation between the dependent variable (y) and independent 

variable (x). In this case the correlation between demand (dependent variable) and 

metal prices (independent variables) was used to reveal how the outside factors are 

related to the fluctuation of the demand. Pearson‟s product-moment correlation 

coefficient (Pearson„s R) was used to test the correlation between the demand of 

elemental analyzers and average metal prices of copper (Cu), zinc (Zn) and nickel 

(Ni). 
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4.2 Introduction of the product and product line 

Analyzers are part of Outotec‟s automation product line, which is a part of Minerals 

Processing business area. At Outotec the analyzer projects are defined as centralized 

equipment deliveries. The business area manages the analyzer projects (the product 

and technology owner). In this case the global product and technology owner of 

analyzers is Outotec (Finland) Oy. Different responsibilities of the product and 

technology owner are: research and product development, technical support services, 

sales and service operations, spare part management, manufacturing and delivery to 

market areas.  

Market areas deal with the local sales, customer projects and services. Analyzers sold 

to the customer are always unique; the analyzers are modified according to customer 

requirements in specific projects. The basic engineering for the analyzers is done in 

the product development phase and prior to the customer order, but different options 

are added and planned to the analyzers according to the customer requirements. 

Outotec is one of the biggest elemental analyzer providers for the metal and mining 

industry. Among the superior technology knowledge, one of the competitive 

advantages of Outotec is the delivery time of the analyzers. The delivery time is fast 

compared to the Outotec‟s competitors. In order to provide faster delivery times 

Outotec has established and maintained flexible supply network. This also means that 

the production of the analyzer needs to be started prior to the customer order and 

inventories are required. Close collaboration is employed especially with the 

assembly partners. The analyzers are manufactured by applying the assemble-to-order 

(ATO) product strategy. This production management principle is a combination of 

forecast and customer order based supply activities. ATO principle also enables 

Outotec to provide customized products to its customers with the competitive 

delivery time. 



55 

 

4.3 Objectives of the demand-supply balancing process 

In this case the assembly partner supplies all the basic components for the analyzer 

and Outotec supplies all the strategic components. This case searches the 

measurement head assembly (MHA) unit, which is a strategic part of the elemental 

analyzer. The MHA unit contains engineering design of Outotec and it is an essential 

for the functioning of the analyzer. Currently the delivery time of MHA unit exceeds 

the delivery time required by the customers. The monetary value of the part it is high. 

That is why the demand-supply balancing process plays important role in this case. 

The MHA unit includes also parts that need to be maintained or changed regularly; in 

this case defined as spare parts. The spare parts must be changed regularly to make 

sure that the analysis produced by the MHA unit is reliable. 

This case study determines a process for synchronizing the demand forecast to meet 

the actual demand of MHA units. On operational level, the process is needed to 

ensure the competitive delivery time and profitability. On the long-term it is 

necessary to ensure the continuous demand flow and necessary capabilities to supply. 

In both cases the main goal is to find the balance for the demand and supply in order 

to supply in effective way. The objectives of the demand-supply balancing process 

are: 

- Accurate demand forecast (product type level) 

- Low inventory 

- Minimization of the total costs 

- Competitive delivery time 

- Simple working model 

- Proactive planning for the future demand on a long-term basis 

To manage the material flow within the supply chain, the forecast in product type 

level is needed. The demand planning process aims to forecast the demand as reliably 

as possible. The accurate forecast, when used properly, enhances the supply chain 

efficiency as a whole, including both maximization of costs and minimal inventory 
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level. The objective is to keep the inventory level of MHA units as low as possible. 

The procurement of MHA unit needs to be done prior to the customer order in order 

to fulfill the delivery time requirements. The demand forecast is in significant role in 

the procurement side, since the purchasing is done based on the demand forecast. 

Furthermore, the working model for the process needs to be simple. If the process is 

too complex, it is more likely that it isn‟t employed or the working model becomes 

too expensive to implement. In a long term basis the process is needed for advanced 

planning. The capabilities of the supply chain and resources are required to be 

planned proactively. 

4.4 Demand planning and forecasting of MHA units 

The demand planning and forecasting can be done to support the short-, mid- and 

long-term operations planning. The forecasting in Outotec‟s business environment is 

challenging, since the sales quantities are low compared to the consumer markets, the 

production is uneven during the year and the uncertainty of the business environment 

is high. This chapter analyzes the demand forecasting procedures that are applied to 

the demand planning and forecasting of the elemental analyzer. Every elemental 

analyzer contains one MHA unit. The demand forecast of the elemental analyzers 

presents also the required amount of the MHA units. 

4.4.1 The demand planning process 

The elemental analyzer studied in this case study is a new product of Outotec, which 

makes the forecasting even more challenging. The production phase of the elemental 

analyzer started in spring 2014 and the first commercial analyzer has been delivered 

to the customer in autumn 2014. No previous experiences or demand information 

exists. The qualitative forecasting methods are difficult to apply in the demand 

forecasting in order to support the mid- and short-term planning, since no demand 

data exist. Furthermore the demand quantities are low and the demand is uncertain 

and varies. 
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The sales phase of the analyzers may take several months‟, even years; it includes 

close collaboration with the customer and many different quotation rounds. Knowing 

the customers and understanding the actual customer needs is important for of the 

forecasting. Rarely the projects come as a total surprise for Outotec; in almost every 

case all the projects can be found from the quotation funnel. The challenge in the 

forecasting is to know, when the customer is actually going to make the investment 

decision. Some projects may stay in the sales phase for a long time. This is also the 

reason why the quantitative forecasting methods are difficult to employ in Outotec‟s 

business environment (in product type level). Furthermore the sales quantities on 

product type level aren‟t high enough to make statistical forecasts, which mean that 

the statistical methods aren‟t sufficient in this case. 

Seasonal variation of the demand can be recognized during the year. The beginning 

of the year is the low season for the sale. Many of Outotec‟s customers are located in 

southern hemisphere, which means that on January-February the business activity is 

low due to a vacation season. The sale is highest at the end of the year. One reason 

for demand peak at the end of the year is that the customers want to make investment 

decisions before the end of the accounting period. Especially in cases, when the 

investment has been budgeted to for that certain accounting period. 

In the mid-/short-term demand forecasting of the elemental analyzer the qualitative 

forecasting method is applied. It is based on close collaboration with the key 

customers as well as on the opinions, knowledge, experience, intuition and judgment 

of the demand forecaster. In order to have effective forecasting process, the routines, 

responsibilities and working methods need to be determined. The information flow of 

demand forecasting process for MHA unit is presented in Figure 13. 
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Figure 13. The information flow of the demand forecasting process of MHA unit. 

The demand forecasting process is ongoing and it suggested to be updated before the 

S&OP meeting, every two weeks. The demand forecast is to be created for four 

months time horizon (as long as the lead-time of MHA unit). The sales funnel and 

current quotation base can be found from Outotec‟s global sales tool. In the first 

phase of the process, the projects that are in the last sales phase are collected from the 

sales tool and then analyzed further. As previously mentioned, negations with 

customers may take a long time and the projects can be at the sales funnel for a long 

time before they realize. That is one reason, why the sales information from the sales 

tool alone is not sufficient and also the qualitative information and assessment is 

needed. 

Close collaboration and discussion with the customer is required in order to have 

realistic forecast of the future demand. The local salesman is in direct contact with the 

customers and discusses with customers in the quotation pipeline. The local sales unit 

creates a sales estimate of the future demand; forecast of which projects are estimated 

to realize during the next two weeks. The estimate is based on the intuition and 

opinions of the local salesman. The global sales unit collects estimates of the future 

sales from the local sales units to support the forecast from the global sales tool. 



59 

 

The commercial product manager composes the overall demand forecast based on the 

local estimations and data gathered from the global sales tool and databases of 

Outotec. The demand history and the installed base are also taken into account. The 

installed base is exploited to support the spare part sales of MHA units. At some point 

the demand history can also be assessed to support the forecast, when demand history 

is accumulated in. 

The commercial product manager, who creates the overall demand forecast of 

analyzer products plays major role in the forecasting process. In this case also the 

affects of the bias should be taken into consideration. The sales estimates that come 

from the local salesman can be over optimistic or pessimistic. Also the personal 

objectives and gains of the salesman or commercial product manager can affect the 

forecast. Close collaboration and knowing the local salesman is important in order to 

make the right judgments. The forecasters should also be able to justify the sales 

estimates; concrete arguments to support the forecast are required. 

4.4.2 Long-term forecasting 

The long-term forecast is needed to support the long-term sales and supply planning 

activities. The demand forecasts are also needed for the annual budgeting purposes. 

This chapter searches the different possibilities to apply the time series techniques or 

regression analysis to support the long-term forecasting of the sales of MHA units. 

Since the elemental analyzer is a new product and any demand history does not 

currently exist, the long-term forecasting based on demand history is studied in this 

case on the product family level. Figure 14 presents the demand history of the 

elemental analyzers. 
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Figure 14. The sales pattern of the elemental analyzers in years 1999-2012 (Outotec, 

2014). 

From the Figure 14 it can be seen that the sales pattern of elemental analyzers 

fluctuates randomly. From the time series technique point of view the sales of 

analyzers is be seen as noise pattern; the future sales pattern can‟t be explained based 

on historical data. That is why the time series techniques aren‟t appropriate and 

reliable in this case. Further research concerning the time patterns could be made with 

more detailed data and with fixed time horizon. As mentioned in previous chapter, 

seasonal patterns can be found during the year. Trend patterns can also be found for 

fixed time horizon. New product launches have influenced the demand pattern of 

elemental analyzers (Figure 14), since the overall demand is growing. It can be 

assumed that for new products the demand pattern is always increasing during the 

first years of the production phase. 
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The causal relationship between the demand and independent variables is searched 

further. It is studied, if the simple regression analysis could be applied to support the 

long-term forecasting of the demand of elemental analyzers. Figure 15 presents the 

sales pattern of elemental analyzers and the fluctuation of the metal prices of copper 

(Cu), zinc (Zn) and nickel (Ni) between years 1999-2012. As seen from the Figure 15, 

the demand seems to have a correlation with the average metal prices. By calculating 

the correlation coefficient between the variables, it is tested if the assumption is 

correct. In this case the dependent variable is the demand of elemental analyzers and 

the independent variables selected are the average metal prices. The objective is to 

examine, if the correlation between the variables exist, explain how the demand 

changes when the metal prices vary and analyze if the information could be applied to 

support the long-term demand forecasting. 

 

Figure 15. The demand of the elemental analyzers and average prices of metals (Cu, 

Ni, Zn) (London Metal Exchange, 2014; Outotec, 2014). 
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Pearson product-moment correlation coefficient (Pearson„s R) is used to calculate the 

correlation between the demand quantities and average metal prices. The values for 

correlation coefficient are calculated by using the statistical formulation of Excel 

2010. The correlation coefficients between the demand and metal prices are presented 

in the Table 2. 

Table 2. The correlation coefficient R between the demand and metal prices. 

Metal The correlation coefficient R 

Copper (Cu) 0,87 

Nickel (Ni) 0,71 

Zinc (Zn) 0,57 

As a result it can be said that the correlation between the sales of elemental analyzers 

and average metal prices exist. The correlation coefficient between the sales and 

copper prices is the highest. Since the correlation coefficient is more than 0,7, the 

correlation of sales and copper prices can be considered strong. The correlation 

between the sales and Nickel prices definitely exist and it is explicit. The correlation 

coefficient between the sales and Zinc prices is less than 0,7; it can be said that some 

correlation exists, but the correlation is not as strong as with the prices of copper and 

zinc. 

It can be seen from the Figure 15, as the metal prices start to grow, the sales of 

elemental analyzers start to increase after a while. The time difference between the 

increase of demand and the average metal prices is searched further. Figure 16 

presents the demand with one-year time phase transmission and average metal prices. 
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Figure 16. One year phase transmission of the demand of the elemental analyzers and 

average prices of metals (Cu, Ni, Zn). (London Metal Exchange, 2014; Outotec, 

2014). 
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The calculations introduced in Table 3 prove that the correlations calculated with 

one-year time transmission are extremely high. As a conclusion it can be said that as 

the metal prices grow, one year later the sales of elemental analyzers start to grow as 

well. 

It can be concluded that the fluctuation of metal prices affects the demand of 

elemental analyzers. According to Pearson‟s R correlation test the correlation 

between demand and copper and nickel prices is the highest and the increase of metal 

prices reflect to the demand of elemental analyzers one year later. The forecasting of 

future demand based on the metal price is still challenging. The future prices of 

metals are also forecasts and contain uncertainty. Furthermore, to be able to create 

mathematical model for the forecasting, more data is required. The extremely high 

correlation between the demand and metal prices also proves that the statements 

made in the industry introduction are valid in this case. 

4.5 Managing the supply chain of MHA unit 

This chapter analyses the supply chain of MHA unit and defines procedures for 

managing the material flow within the supply chain by applying the demand 

forecasting information available. In this case the model of S&OP process is applied 

in the synchronization of demand and supply. The strategic supply chain planning 

was done in the product development phase. The supply chain channels, interruption 

risks and suppliers were determined. The supply chain risks related to the supply of 

MHA unit are listed in the Appendix 4. The main risk of the supply chain derives 

from the single source situation. The risks of price increase, delivery time and 

availability are protected with a contract with the suppliers, still some deviations may 

occur. The determination of the supply chain and contract negations was conducted in 

cross-functional team. The team contained members from product development, 

project procurement and sourcing functions. 
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4.5.1 The supply chain network 

The supply chain network is composed of three suppliers. The supply chain of MHA 

unit, different types of the demand and the approximate delivery times are presented 

in Figure 17. 

 

Figure 17. The Supply chain of MHA Unit. 
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customer in a way that the product is picked up from the seller‟s premises. With other 

delivery terms also the delivery time to customer‟s site needs to be taken account. 

The demand for the supplier A is dependent demand. The demand for the suppliers B 

and C is derived demand. The demand for suppliers B and C is derived from Outotec, 

it comes from the actions that Outotec does to meet the demand of the end-use 

customer. The suppliers B and C can be seen as strategic partners of Outotec and 

close collaboration with the suppliers is vital. According to Bensaou (1999, p. 36-39) 

in strategic partnership the buyer and the supplier are committed to a long time 

business relationship and both parties make tangible and intangible investments 

towards the other partner. In successful partnership trust between the parties, 

extensive collaboration and transparency is important. 

As mentioned the total delivery time for the MHA unit from the supplier A to the 

end-use customer is 16 weeks. In order to have competitive delivery time and meet 

the customer requirements, the total delivery time is required at 12 weeks. One option 

to meet the delivery time would be to negotiate better delivery times with the 

suppliers. The lead-times could be enhanced for example by sharing the demand 

forecasting information between parties. The negations with the suppliers are 

challenging, since the quantities purchased by Outotec are low. Furthermore, the 

demand in Outotec‟s business environment is uncertain and varies a lot. The 

supplier‟s might not be willing to take the risk that derives from the demand 

forecasting error or deviations in the demand.  

The delivery time could be also discussed with the customer. But in this case it could 

affect the sales. Other option to meet the target delivery time is to manage the 

materials internally by applying the demand forecasting information. In this case 

Outotec carries the risks of demand forecast error and deviations, but on the other 

hand Outotec has the full control of the materials management. The management of 

material flow at Outotec based on the demand forecast is studied further in the next 

chapters. 
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4.5.2 Determination of the supply chain capacity 

The determination of supplier capacity is important task of production and product 

support manager. It is needed to ensure that the sale of elemental analyzers is possible 

to meet in effective way. Outotec provides the demand forecast information to its 

suppliers and the suppliers provide the information concerning their capacity to 

Outotec. The delivery times may vary due to a supplier capacity. In some cases the 

delivery time can be longer if the supplier‟s capacity is full and vice versa. In the case 

of the MHA unit, the delivery times are agreed with the suppliers in the contract. Still 

it is important to share the information between the parties. The suppliers need to 

confirm that they are able to deliver as agreed. The suppliers should also provide 

information concerning any interruption risks or delivery delays. On the other hand, if 

the supplier has free capacity they can provide the products faster, which would 

enhance the materials management of Outotec. 

It is also important to ensure the capabilities and resources of Outotec as well. The 

project management and commissioning and maintenance services resources need to 

be ensured, before Outotec sells the project to the customer. This is particularly 

important in the case of the elemental analyzer, since it is a new product and requires 

more time and resources than anticipated, while no previous experiences exist. It is 

important to success in the first projects to have good references, which can affect 

positively the future sales. 

The demand forecast of Outotec can also improve the operations of the suppliers. The 

suppliers provide all the basic components needed for the manufacturing of the 

elemental analyzer. The demand forecast would help the suppliers to optimize their 

inventories, avoid the bullwhip effect and manage resources more effectively. This 

could gain mutual benefits for both parties. The information exchange should be on 

going routine and different IT systems could be employed in the information sharing. 

This would ensure that the information is always available to the suppliers. 
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4.5.3 The S&OP process in materials management 

Outotec operates in the project environment, where many variables exist. Many issues 

need to be checked case by case. In the real life situation exceptions may show up and 

the supply chain of MHA unit needs to be also flexible to respond to unexpected 

events. In this case the S&OP process is used to synchronize the demand and supply. 

This chapter searches further how the S&OP process could be applied in the materials 

management of MHA unit. In order to have more effective synchronization process, 

also the working methods, responsibilities and time schedule for the process are 

determined. 

The goal of the process is to deliver on required time, but also to keep the inventory 

level as low as possible. The ideal situation is that inventories would not be built up. 

The current delivery time of MHA unit exceeds the target delivery time, which means 

that the procurement of the MHA unit needs to be done prior to the customer order. 

The model for the materials management is created for both project and spare parts 

needs of MHA unit. The information flows of the synchronization process of demand 

and supply are presented in Figure 18. The time schedule and responsibilities for the 

process in calendar is introduced in Figure 19. 
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Figure 18. The information flows of the synchronization process. 
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Figure 19. Time schedule and responsibilities of the synchronization process. 

In the first phases of the synchronization process the inputs for the S&OP meeting are 

gathered. The global sales function creates the sales forecast (chapter 4.4): amount of 

MHA units needed for the next two weeks period. The production and product 

support manager discusses with the suppliers and defines the current capacity status 

(chapter 4.5.2) and checks the current inventory level. The information concerning 

the current inventory level is provided by ERP system named SAP. 

In the end of the first week, the S&OP meeting is held. The S&OP meetings play the 

most critical role in the planning of sales and supply activities for the next period. In 

order to success, the routine for the meeting is important. A proposed agenda for the 

S&OP meeting is presented in Appendix 5. The decisions on the procurement actions 

are made in the S&OP meeting. In this case the purchase orders for suppliers A and B 

should be placed four weeks prior to the actual customer order. The outputs of the 

S&OP meeting are adjusted demand plan and production and procurement plans. 
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In the beginning of the second week, the product engineer places a purchase 

requisition to procurement and the project purchaser places the orders for the 

suppliers. In the next meeting, it should be checked if the customer order realized. If 

the certain customer order does not realize, the ordered MHA unit will be based in the 

inventory and used for the next project that realizes. The inventory level is followed 

and managed with SAP system. The inventory is economically owned and managed 

by Outotec, but physically the stocks are located in the supplier B‟s premises. 

Spare parts are managed differently; it is more about knowing the future spare part 

needs than forecasting them. In the product development phase the different spare 

parts and life cycle of the parts were determined. For example, in the development 

phase it has been determined that a lamp needs to be changed after six months. 

Outotec has the information and knows when to order the new lamp to get in on time 

to the customer site. No inventory for the lamp is needed. To ensure the successful 

spare part management, Outotec should carefully follow the current installed base and 

have detailed information about the spare part needs of Outotec‟s customers. System 

for the follow up of the spare parts is required. 

The forecasting is never 100 % accurate and deviations in the project and spare part 

demand may appear, especially in the business environment of Outotec. The materials 

management in the case of MHA unit requires a lot of collaboration internally, but 

also with the customers. Since the elemental analyzer is a new product, the 

functionalities and life cycles of the units, components and parts are estimates. Also 

spare parts for unexpected events are needed. For example the MHA unit may injure 

at the customer site or during the transportation. That is why Outotec needs to be well 

prepared for the unexpected events. 

In this case it has been agreed that the supplier B keeps a stock level of two MHA 

units in its premises. The two MHA units are used in the case of unexpected events in 

demand. The arrangement has been agreed with the supplier in a way that the 

inventory won‟t generate costs for Outotec. The arrangement ties Outotec‟s money to 
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the inventory for the value of two laser units. The two MHA units are to be used only 

in the urgent project or spare part needs. In cases the demand forecasting process 

could not predict the customer order. Or in spare part needs, where the MHA unit is 

required to replace injured part. Table 4 summarizes the different materials 

management strategies for the project and spare part demand of MHA unit. 

Table 4. Different strategies for the management of materials of MHA unit. 

 Materials management strategy 

MHA unit (projects) Ordered according to the demand forecast and 

prior to the customer order, low inventory 

Spare parts Ordered according to the estimated life cycle 

time and delivery time, system to follow up the 

installed base is needed, no inventories 

Deviations in demand Two MHA units in the inventory 

In the S&OP meeting the imbalances between demand and supply are recognized. 

After the meeting, actions to correct the possible imbalances are needed. In case the 

sale is higher than Outotec‟s capacity to supply, Outotec needs to make decisions on 

whom to sell the projects. The customers are prioritized in order to make the decision. 

In the long run Outotec needs to plan the resources and how they are able to provide 

more elemental analyzers to their customers. In order to have as much revenue as 

possible, the demand forecast should be applied in planning of the capacity already 

proactively. That is why the long-term demand forecast is significant already in the 

product development phase, when Outotec is planning the supply chain capabilities 

and resources. 

On the other hand, in situations where Outotec would have capacity to provide more 

products, but they don‟t have enough sales, actions needs to be taken as well. Outotec 

needs to analyze the reasons, why the sale is low. The reason might be external or 

internal. To find out the external reason, close collaboration with the customers is 

required. Outotec needs to contemplate also the internal factors: sales, technology and 
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processes. The sales actions are analyzed; how could be the sales enhanced. For 

example, what kinds of knowledge the salesman have and is more training about the 

technology needed. Furthermore, the technology and Outotec‟s internal processes 

needs to be searched. Is Outotec providing what the customers are actually requesting 

and is the industrial equipment competitive. 

In the last phase at the end of week two, the effectiveness of operations and sales 

activities are evaluated. The measurement and meters of the demand-supply 

balancing process are discussed more in chapter 4.6. The process is continuous. After 

the measurement of performance, the process starts again from the first phases. 

4.6 Measurement of the operations 

On the operational level, five key meters to be followed are proposed for the 

measurement of the process performance and results. The meters are the following: 

- Forecasting accuracy (sales) 

- Deviations in forecasted demand (sales) 

- Inventory level (supply) 

- Delivery time (supply) 

- The life cycle of the spare parts (product line) 

The demand planning and forecasting accuracy should be followed, since it affects 

the inventory levels and the success of the operations. In the last phase of the S&OP 

process it should be evaluated how many forecasted projects were actually realized. 

The demand forecasting process needs to be developed accordingly. For example if 

the forecasting is continuously over optimistic, this needs to be taken into 

consideration in the demand planning and forecasting. The deviations in forecasted 

demand should also be monitored. The reasons need to be evaluated in order to find 

ways to avoid the deviations in the future. The evaluation of demand planning and 

forecasting accuracy and the follow up of deviations in the forecasted demand is the 

responsibility of the commercial product manager. 
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It is important to monitor the inventory level of MHA units. Increased inventory 

levels mean higher costs. In case the inventory level is built up, the reasons should be 

evaluated and the materials management model developed to support the 

circumstances. The delivery time of MHA unit and laser unit are agreed with the 

suppliers. Still, it is proposed to monitor how well are the delivery times met by the 

suppliers. The total delivery time of the elemental analyzer requires monitoring as 

well; did the delivery time meet the requirements of the customer. If the delivery time 

is not met, the causes of the delay should be recognized and fixed. The follow up of 

the inventory level and delivery times is a responsibility of the project purchaser, who 

manages purchase orders and the inventory in SAP. 

In order to have successful delivery of the spare parts for the MHA unit, the 

functioning time of the parts needs to be followed closely. This is vital for the 

proposed working model. The elemental analyzer is a new product and the life cycle 

of the spare parts are currently estimates. The realistic lifetime will occur, when the 

analyzer is functioning at the customer site. Furthermore, the parts may have different 

life cycles in different environments. In case the functioning times of the spare parts 

aren‟t reliable, inventories for the parts needs to be considered. 

On strategic level the total costs and benefits of the demand-supply process should be 

evaluated and linked to the performance of the company (Figure 9). On the other 

hand the benefits of the process should be more valuable than the costs of the process. 

It is recommended to evaluate the process performance twice a year, since the 

benefits and costs are difficult to recognize in short time period. At least following 

factors are suggested to follow up: 

- Costs of the sales activities (sales) 

- Costs of the operations (supply/product line) 

- Costs of goods (supply) 

- Inventory costs (supply) 

- Customer satisfaction and sales (sales) 
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The time spent on sales and operations activities, costs of goods and inventory costs 

are proposed to follow up. The working costs should be monitored in order to ensure 

that the process is profitable, since it requires considerable amount of time of the 

employees. The costs are compared to the benefits gained through the process. The 

costs of goods and inventory level should decrease due to better and advanced 

planning. It is also recommended to evaluate that did the demand-supply balancing 

process affect the customer satisfaction and were the customer requirements met. 

Furthermore, it is should be assessed if the process resulted more sales. The 

evaluation of the benefits in terms of customer satisfaction and sales is a challenging 

task, since the benefits cannot be measured by quantitative metrics. The final 

evaluation of costs and benefits should be performed in the process team. 

The evaluation of the costs of sales activities, customer satisfaction and sales are 

responsibility of the sales function. Supply and product line assess the costs of 

operations. Supply is responsible to follow up the costs of inventory and goods. The 

final evaluation of costs and benefits should be performed in collaboration in the 

process team.  
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5 RESULTS AND FURTHER ACTIONS 

This chapter presents and evaluates the results of the case study introduced in the 

previous chapter. Also further development actions and recommendations for the case 

company are proposed. 

5.1 The results and evaluation 

The uncertainty and variability of the demand makes the forecasting challenging at 

the Outotec. In this case the qualitative forecasting approach is appropriate to be used 

in the short-/mid-term demand planning and forecasting of MHA units. The close 

collaboration with the customers and knowledge of the commercial product manager 

of the global sales unit are important. Still, the demand history data and information 

from global databases of Outotec should be applied to support the forecasting, when 

there is enough demand history data available. It is important to take into account the 

affect of bias in the qualitative forecasting. The demand planning is proposed to 

perform in product type level for four months time period. 

The long-term forecasting is needed to ensure that Outotec has the right supply 

capacity required to meet the customer demand effectively in the long run. The 

demand pattern was studied on a product family level due to a lack of data. The time 

series techniques can‟t be applied on yearly basis in the forecasting, since the demand 

pattern fluctuates randomly. More research on the forecasting with the time series 

techniques could be done on monthly basis. It can be concluded that increasing sales 

trend for elemental analyzer for the next three to five years can be expected, since the 

elemental analyzer is a new product. The success of the first sales cases and 

functionality of the elemental analyzer will determine the slope of the future sales 

pattern trend. The regression analysis was used to test the correlation between the 

demand and metal prices. The regression analysis revealed a high correlation between 

the demand of elemental analyzers (product family) and average metal prices. Still, it 
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is challenging to create a forecasting model based on regression analysis due to a lack 

of data points. 

On operational level, the material flow of MHA unit can be managed more 

effectively by using the sales forecast information. The S&OP process is employed as 

a synchronization process of demand and supply and to support the materials 

management of MHA unit. The S&OP process is practical to be used in the Outotec‟s 

business environment, where demand varies and many situations need to be analyzed 

case by case. The MHA unit is ordered four weeks prior to the actual customer order. 

The spare parts are managed with the assumed needs at the customer site and low 

inventory is kept for unexpected events. The purchasing decisions are made in the 

S&OP meeting. In the meeting the current inventory level, supplier capacity and 

demand forecast are analyzed. The outputs of the meeting are adjusted sales, 

production and procurement plans. In contingency situations corrective actions are 

planned in order to match the demand and supply as effectively as possible. 

The measurement of results and monitoring the process performance is the last phase 

of the demand-supply balancing process. On operational level some concrete meters 

are proposed: forecasting accuracy, deviations in forecasted demand, inventory level, 

delivery time and the life cycle of the spare parts. On the strategic level the costs and 

benefits of the process should be compared in order to ensure that it is profitable to 

employ the process. The strategic measurement is also needed for the continuous 

development. The following factors are suggested to measure on the strategic level: 

costs of the sales activities, costs of the operations, costs of goods, inventory costs 

and customer satisfaction and sales. 

5.2 Further actions and recommendations 

In Outotec‟s business environment one-size-fits all supply solutions are not 

appropriate, instead different supply requirements can be recognized. The results of 

the case study are limited to one critical unit of the elemental analyzer. This research 

does not take into account other parts, units and components of analyzer projects. In 
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order to have efficient demand-supply balancing process in place, the working model 

should be expanded to concern the other parts as well. The other units, parts and 

components of the analyzer products with similar characteristics than MHA unit 

should be recognized and managed through the same process. Furthermore, it is 

noticed that the analyzer projects tie considerable monetary value in the inventories. 

It is proposed that the different parts of the analyzers would be categorized. 

Appropriate materials management models should be created for each category in 

order to have more effective inventory management. In some categories (like with the 

category of MHA unit) the demand-supply balancing process is recommended to be 

used. 

Further research could be done with the demand forecasting of Outotec‟s different 

products. The demand forecasts could be utilized more in the planning of sourcing 

activities and resource planning. The demand-supply balancing process could also be 

applied for instance in Outotec‟s other products, where the basic engineering is done 

prior to the start of the project and the demand possible to forecast on accurate level. 

Furthermore information sharing internally at Outotec, but also externally with the 

suppliers could be enhanced. IT systems should be adjusted to support the demand-

supply balancing process and information exchange between external parties.  
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6 CONCLUSIONS 

The demand-supply balancing process is more used in consumer markets, but it has 

grown its attention among industrial companies. This thesis has presented findings on 

the use of demand-supply balancing process in industrial company working under 

uncertain demand and project-oriented business environment. The process is about 

matching the demand and supply. It has been studied through three steps: demand 

planning and forecasting, synchronization of demand and supply and measurement of 

the performance. This thesis has searched a single case study concerning mining and 

metals industry equipment. 

The demand forecasting methods can be divided in two main categories: quantitative 

(statistical) and qualitative (judgmental) methods. The most appropriate way to 

forecast the demand of industrial equipment in project-oriented environment is the 

qualitative forecasting method. If possible, the quantitative methods are 

recommended to be used to support the forecast. The market knowledge, professional 

skills of the forecaster and close collaboration with the customers are vital. 

Furthermore, the bias that may affect the outcome must be taken into consideration. 

The S&OP process is applied in the synchronization of demand and supply, since the 

demand may be challenging to forecast accurately within industrial companies and 

many situations are required to be considered case by case. Collaboration and 

information sharing with the suppliers is important, as the demand forecast and 

supplier capacity information are major inputs of the S&OP meeting. One important 

output of the meeting is the procurement plan, which defines the parts, units and 

components to be purchased according to the demand forecast. As the case study has 

proved, the S&OP process can be applied in managing of the materials in the supply 

chain and benefit competitive delivery time and low inventory levels. This thesis has 

also proposed meters to measure the operational and strategic levels of the process. 

The measurement of performance is important for the continuous improvement and 

profitability of the process as well as to motivate the employees.  
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Appendix 1. List of interviewees 

Business title, Department Date 

Head of Supply Chain Management, Services 6.6.2014 

Manager, Automation Production & Support 25.8.2014 

Manager, On-stream Analyzers 25.6.2014 

Manager, Business Development 28.8.2014 

Product Engineer, Automation Production & Support 9.6.2014 

Head of Supply in Sales, Delivery 28.8.2014 

 

  



 

 

Appendix 2. Interview template 

Demand forecasting 

- Demand forecasting methods 

- Quantitative or qualitative 

- Time horizon 

- Forecasting accuracy 

- Role of contextual information 

- Internal and external collaboration 

- Organization and roles 

Data availability 

- Data availability 

- Data requirements 

Demand and supply planning 

- Implementation 

- Best practices 

- Operational planning: procurement plan, production plan, logistics and 

distribution plans 

- Time horizon for planning (years, months, days) 

- Use of forecasting information in planning 

- Problems, risks and benefits 

- Measurment of performance 

- Inventory management 

Future development 

- Actions 

- How to improve 



 

 

Appendix 3. Benchmark interview questions 

Company questions: 

- What kind of products you sell? 

- How many product families you have? 

- What kind of production/manufacturing you have in house? 

- How many customers you have? 

- In what kind of business environment you work in? 

The sales and operations planning process questions: 

Demand forecasting 

- What kinds of methods you use in demand forecasting? Tools? 

- How accurate the forecasts are? 

- What kind of time horizon you use in the forecasting? 

- How often the forecasts are updated? 

- Do you have close collaboration with suppliers/customers? 

- Which function / who is responsible for the demand forecasting? 

Supply chain 

- How do you determine the supply chain capabilities? 

- How is the procurement plan created? 

- How is the inventory planning done? (For example for long lead time 

components) 

- How is the production / logistics plan created? 

- Which functions / who is responsible for the supply and operations planning? 

- What is the time horizon for the planning? 

- Is the planning strategic or operational? 

(Continues) 



 

 

(Appendix 3. continued) 

- How are the risks of supply chain managed? How you prepare for the 

contingency situations? 

- What kind of risks exists in your supply chains? How you manage single 

source risks in the supply chain? 

- How is the spare parts/maintenance services managed effectively? 

- How are the inventories for spare parts managed? 

Demand-Supply Balancing 

- What kind of process you have for matching the demand with the supply? 

- How you synchronize the planning? 

- How is the demand forecast used in the supply planning and vice versa? 

- What are the inputs and outputs of the process? 

- Do you have future plans for the development of the process?  



 

 

Appendix 4. Risks of the supply chain of MHA unit 

Risks Description 

Capacity risk Delivery time 

Limitations in production facilities 

Price risk Increasing price due to a single source 

situation 

Availability risk Continuity of supply (single source risk) 

Export restrictions Limitations to export into some countries 

Transportation risk Unique packing for MHA unit is needed, 

MHA unit is sensitive and may injure 

easily during the transportation 

Intellectual Property Rights (IPR) Outotec’s intellectual property rights 

needs to be protected 

  



 

 

Appendix 5. Sales and Operations planning meeting agenda 

 


