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1. ABSTRACT 
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Complete supply chain is a necessity for a product to reach it customers, and the 
more efficient the supply chain is and the less disruptions it has, the better the 
customer satisfaction, productivity, and business success are. Supply chain 
disruptions accumulate, so when something unexpected happens, for example, in the 
external supply chain, regular disruptions in internal supply chain only make the 
situation worse. It is challenging or almost impossible to prepare for disruptions 
caused by unexpected issues, but the development of company’s own internal 
activities is not impossible and does not always require major measures, as this 
study will show. The study examines the internal supply chain performance in MTO 
product at case factory. The aim of the study is to describe the internal supply chain 
and its timing by using qualitative and quantitative research methods, to find areas for 
development in the operations and the flow in between them in order to achieve 
better internal supply chain performance and meet customer promises. Quantitative 
method was used to measure possible cause-and-effect relationships of the timing of 
internal operations and the low production punctuality. The study found that the 
delayed timing of production has a negative effect on the punctuality of production. 
Qualitative methods were used to find out the level of communication and 
transparency between operations which are found to be low, claimed to be influenced 
by management, and has effect on internal supply chain performance. Value stream 
maps were used to describe the process in order to describe the value and waste 
creating activities, and areas for development. This study has limitations, such as 
purchasing, sales, external supply chain and risk management, nor can research 
results be generalized without careful consideration of all the factors. 
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2. INTRODUCTION 

 
Today's highly globalized business and markets have challenged companies 

perhaps more than the companies itself could have imagined (Qrunfleh & Tarafdar 

2013). Cause-and-effect relationships are complex, and predictability can be 

difficult or even impossible. For example, the COVID-19 pandemic from China, 

which erupted in 2019, progressed rapidly globally and has driven several 

companies, especially small ones, into bankruptcy, causing extensive damage to 

the population and the economics in various countries. The rapid spread of the 

COVID-19 pandemic, and in particular the prolongation of the pandemic, has 

challenged companies in almost all sectors at some level, such as workers’ 

absences due to quarantine, logistical closures and even work bans in some areas. 

It is very possible that the companies’ risk evaluation and recovery plans did not 

include a multi-year global pandemic. Another example of a very surprising 

challenge directly related to the supply chain is the blockade of the Suez Canal, 

which literally halted the global supply chain on spring 2021. The Suez Canal is 

a significant route as it accounts for 30 percent of the world's daily shipping 

container freight from Asia and the Middle East to Europe. The six-day blockade 

caused an estimated $54 billion in trade losses, 0.2 to 0.4 percent decrease of the 

annual global trade growth, 20-30 percent decrease of container capacity over 

multiple weeks, severe port congestions, and shipment delays which may take up 

to 2-3 months to return to normal. 

 

Nowadays, a wealth of research and literature exist on supply chain development 

and management, focusing on, for example, activities outside the manufacturing 

site, such as sourcing and external logistics. There is also a wealth of research on 

manufacturing strategies, exploring different options such as Lean manufacturing. 

Regarding to the internal functions of the manufacturing site there are material 

separate from the functions, such as production and warehousing, but seems that 

effective interconnection of internal functions, which results internal supply chain, 

research data and literature are scarce. However, the supply chain as a whole will 

not function if the internal operations of the manufacturing site cause challenges 

and possible interruptions to each other, which will interrupt the entire supply chain. 

Supply chain disruption not only refers to, for example, transportation delays to 
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customer or raw material sourcing challenges, but also internal challenges such as 

proper order processing, quality production operations, material warehousing and 

shelving, packaging, loading operations, and effective flow between these 

functions. 

 

Many companies have a team in charge of the supply chain management, but they 

specifically focus often on activities outside the house, but who will look inside the 

house and the in-house operations as a whole? Lambert and Enz (2017) examined 

the change in supply chain management over 16 years and turned against this 

general assumption that supply chains compete with each other because it is not 

technically correct. Companies exist in the supply chain and the company creates 

and manages the supply chain. For example, Coca Cola Company and PepsiCo 

Inc have partly same suppliers, distributors, and retailers, overlapping supply 

chains are common these days. Lambert and Enz (2017) argue that competitive 

advantage arises in supply chain management. The company that manages and 

develops the entire supply chain and relationships better than others, wins more 

often (Lambert & Enz 2017). But let’s not forget the internal supply chain 

management. As some authors and researchers have already observed, supply 

chain management and coordination including internal activities, have played a role 

in recent years as companies experience increased competitive pressure and 

managers begin to realize that a lack of coordination can lead to declining revenue 

and service levels (Kaminsky 2008). A customer expects to always receive quality 

products through supply sources so both quality and delivery represent two 

competing factors in supply chain efficiency. Therefore, the relationship between 

external and internal supply chain becomes a critical issue in the management of 

today’s organizations (Suarez-Barraza, Miguel-Davila, Vasquez-García, & Sampaio 

2016). Supply chain disruptions accumulate, so when something unexpected 

happens, for example, in the external supply chain, regular disruptions in internal 

supply chain only make the situation worse. It is really challenging or almost 

impossible to prepare for disruptions caused by unexpected issues, such as 

COVID-19 or Suez Canal blockages, but the development of company’s own 

internal activities is not impossible and does not always require major measures, 

as this study will show. 
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The subject of this case study arose from regular customer feedback related to 

poor delivery performance. From a logistical point of view, everything possible was 

done within resources, and yet punctual delivery could not be performed simply 

because the final product was not ready on time. As a result, interest in internal 

supply chain performance arose and a desire to find reasons for poor performance 

and low production punctuality. This study examines the internal supply chain of 

make-to-order product family at case factory, which has introduced Lean 

operations with end-to-end focus. Case and company are presented in more detail 

in chapter 5.  

 

Examined product’s production punctuality is at low level, but the awareness about 

the issue in internal supply chain is quite unclear and so is unclear the cause of 

poor performance, even for the case factory management. The examined product 

family is quite small in volume but vital for the customer. The aim of the study is to 

describe the internal supply chain and its timing for the product under examination, 

and to find areas for development in the internal operations and the flow in 

between them, in order to achieve customer promises. The research problem is 

how to develop the performance of the internal supply chain, and to solve the 

research problem the main research question was set as follows: 

 

• What factors cause poor performance in the internal supply chain? 

 

The main research question is supported with following sub-questions to help 

answer the main question and research problem: 

 

• What key operations internal supply chain in question have? 

• What parts of the internal supply chain creates waste?  

• What parts of the internal supply chain creates value? 

• How existing internal supply chain could be leaner and therefore more 

efficient, effective, and punctual? 

 

When the research problem is very practical, the delimitation of the literature 

review had to be considered very carefully. The literature review was decided to be 
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divided into two main themes, supply chain and strategy, which are presented in 

chapters 3 and 4. The research problem focuses on internal supply chain 

performance. Whereas the internal supply chain is an important part of the supply 

chain as a whole, in which case the literature review began with a description of the 

supply chain using four main themes, plan, source, make and deliver. Next, the 

internal supply chain and its management were described by linking their themes to 

the same main themes as in the supply chain literature review. The second part, 

strategy, presented literature review of make to order manufacturing, which is the 

production method of the product family under investigation, as well as supply 

chain Lean and Agile strategies, which are currently very popular and also included 

in the case company’s operations. Make-to-order manufacturing is included in the 

strategy part as it is a strategic decision for manufacturing companies. This study 

has limitations, such as purchasing activities, sales operations, external supply 

chain including outbound logistics and supply chain risk management. As this is a 

case study for a specific product family in one factory, the results of the study 

cannot be generalized without considering all factors. The limitations are presented 

more in depth in the end of chapter 9. 

 

Two research methods were used in this study, quantitative and qualitative. 

Quantitative research plays a key role and qualitative research is supporting. 

Quantitative research was used to measure possible cause-and-effect relationship 

of the timing of internal operations and the poor production punctuality. Qualitative 

research, including interviews and observation, was used to find out the level of 

communication, transparency, and management between operations. Numerical 

data, using the order backlog for the product under investigation in 2020, were 

collected from the company’s Enterprise Resource Planning (ERP) system, SAP, in 

late 2020 and early 2021. The data were processed in Excel and Stata to obtain 

analyses. The interviews interviewed eight key people in the internal supply chain at 

the end of 2020. Observation was performed almost daily throughout the study, 

eight-month period. More in depth description of research methodologies are 

presented in the end of chapter 5.  

 

Two hypotheses were created for qualitative study in order to test if communication 

and transparency has an impact on internal supply chain performance and if 
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management has an impact on the level of communication. Three hypotheses were 

created for quantitative research in order to test cause-and-effect relationships of 

operations to production punctuality. All hypotheses, analyses, results, and 

discussions are presented in chapters 6 and 7. The study found that the level of 

cooperation, communication and transparency is low and is claimed to be influenced 

by management. The study also found that the timing of production has a negative 

effect on the punctuality of production, and the use of SAP in non-accordance with 

the guidelines has negative consequences for the level of monitoring. In chapter 8, 

research results from qualitative and quantitative studies are combined and 

presented with development proposals. Value stream maps were used to describe 

the current and future processes in order to describe the value and waste creating 

activities as well as areas for development. 

 

Although the aim of the study was to describe the internal supply chain and find 

reasons for low performance and consider how performance could be developed, 

and the study was not intended to be a development project, but at the end of the 

study a major development was found in terms of lead time. Lead time has been 

shortened by about 30 percent, close to the pre-determined lead time, in 8 months. 

The reason for the improvement in performance is perceived to be the opening of 

communication and better transparency, and not large lead time reduction project. 

All aftermath details are presented in the end of chapter 9. 
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3. SUPPLY CHAIN 

 

The concept of supply chain covers the whole end to end process (Teixeira, 

Assumpção, Correa, Savi, & Prates 2018) including internal and external material 

flows, and the material flows in between (Van Weele 2005). According to Nakano 

(2020), the internal and external material flows mentioned, can also be described as 

an internal and external supply chains. Internal supply chain covers the relationships 

and material flows among procurement, production, logistics, and sales departments. 

External supply chain covers the relationships for example with suppliers and 

retailers. (Nakano 2020, 3-8) 

 

Picture 1 illustrates the supply chain in a simplified way. It is a continuous circle 

whose different parts are connected to each other. For example, demand arises from 

the customer, in which case the sales department is also involved. Demand creates 

needs for production and production requires raw materials and therefore involves 

procurement and suppliers. Depending on the product, a distributor and, or retailer is 

also included. Logistics and information flow connect different parts of the supply 

chain together. (Nakano 2020, 3-11; Teixeira et al. 2018) 

Picture 1: Supply chain (Corporate Finance institute 2021a) 

 

Literature also presents supply chain in four stages, which are plan, source, make 

and deliver. First stage, plan, cover the activities of demand forecasting and planning. 
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Forecasts of which products will be required, what number and when they will be 

required are the base of supply chain management decisions. Market conditions are 

evaluated by examining supply, demand, product characteristics and competitive 

environment. The demand forecast is the basis for companies to plan their internal 

operations and to cooperate among each other in order to meet market demand 

(Shih, Hsu, Zhu & Balasubramanian 2012). Supply is determined by the number of 

producers of the product and the lead times associated with the product (Xie, Wang 

& Lai 2011). Multiple producers and short lead times facilitate predictability, while a 

small number of producers and long lead times expose the supply chain to variables 

and predictability is more challenging. Creating a forecast may not be that simple 

because supply chain forecasts must consider a period that covers the total lead 

times of all the components needed to create the final product. (Hugos 2018, 43-45) 

 

Demand refers to the overall market demand and its analysis considers topics such 

as seasonality, steady demand, trends, historical data such as consumption, and so 

on (Dwayne Whitten, Green & Zelbst 2012). The demand of new products and 

services are challenging to predict due to a lack of historical data, as are products or 

services whose substitutes have been introduced to the markets (Nielsen, Nielsen & 

Steger-Jensen 2010). Product characteristics include product features that affect 

customer demand for the product, such as novelty, service life, and evolution. For 

example, forecasts for electronic products and services are challenging to create due 

to the evolving nature of the industry. For example, a newer and improved version of 

the phone model is expected within a few years, while a so-called mature product, 

whose development is presumably at its peak, is easier to predict. A competitive 

environment refers to the activities of a company and its competitors that consider 

the company’s market share, the company’s trend of market share, such as growth, 

product campaigns, price wars, and so on. There are several forecasting methods 

suitable for different environments (Danese & Kalchschmidt 2011). Such as 

qualitative methods based on human intuition or subjective perceptions of a market 

that are appropriate when there is little or no historical data. The causal forecasts 

assume that demand is strongly related to certain environmental or market factors, 

such as the demand for loans at low interest rates. Time series methods are the most 

common form of prediction based on the assumption that historical data, which is 

reliable and abundant, well describes the future (Danese & Kalchschmidt 2011). 



12 
 

 

Simulation methods use combinations of causal and time series methods to mimic 

consumer behavior under different conditions. (Hugos 2018, 45-47) 

 

Once the demand forecasts are created, the next step is to create a plan for the 

company to meet the expected demand. The overall plan becomes a framework for 

making short-term decisions on the amount of production capacity and its utilization, 

the amount of inventory and distribution (Danese & Kalchschmidt 2011). Production 

decisions include the setting of parameters such as production speed and the 

amount of production capacity used, labor and how much subcontracting is used 

(Nielsen et al. 2010). Inventory decisions include how much demand is met with 

immediately available inventory and how much demand can later be met and 

converted into orders. Distribution decisions include how and when products are 

distributed to customers. (Hugos 2018, 49-51) 

 

Second stage, source, include activities such as, purchasing, consumption 

management, vendor selection, contract negotiation and management. Traditionally, 

the main activity of sourcing is to beat down the supplier prices and then buy 

products from the cheapest suppliers that were found, but today, quality and long-

term supplier relationships have also raised their heads, which may be reflected in 

strategic decisions (Platts & Song 2010). Purchasing is a routine function in which 

purchase orders including the required materials are placed. One of the biggest 

challenges in purchasing is to ensure that this data transfer is timely and error-free. 

Consumption management compares actual consumption with determined 

expectations (Frontoni, Marinelli, Rosetti & Zingaretti 2020). When consumption is 

significantly above or below expectations, it must be brought to the attention of the 

parties concerned so that possible causes can be investigated, and appropriate 

action taken. Vendor selection takes place when the current purchasing situation of 

the company is understood and what kind of support the company's business plan 

requires and operating model is clear. After all is clear, the search and selection of 

vendors may begin, the selection of which vendors have both the necessary products 

and services for the needs of the company. This is followed by contract negotiations 

to determine certain products, prices, and service levels. Contract management 

monitors the performance of its suppliers and holds them accountable for meeting the 

service levels agreed in their contracts. (Hugos 2018, 59, 66-69) 
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Third stage, make, include activities like product design and production scheduling. 

When looking at product design from a supply chain perspective the aim is to design 

products with simple designs, fewer parts, and a modular structure of common 

subassemblies, aiming to source parts from a small group of primary suppliers and 

also to keep inventory in the form of generic subassemblies at appropriate locations 

in the supply chain. Large stocks of finished products do not need to be maintained, 

as customer demand can be met quickly by assembling end products from generic 

sub-collections as customer orders arrive (Nielsen et al. 2010). However, product 

design and component selection depend on existing technology and end product 

performance requirements. “Production scheduling allocates available capacity 

including equipment, labor, and facilities, to the work that needs to be done. The goal 

is to use available capacity in the most efficient and profitable manner (Segerstedt 

2017)”. The production scheduling operation is a process of finding the right balance 

between several competing objectives such as high utilization, low inventory levels 

and high level of customer service (Nielsen et al. 2010). “The first step in scheduling 

a multiproduct production facility is to determine the economic lot size for the 

production runs of each product. The calculation of eco-nomic lot size involves 

balancing the production setup costs for a product with the cost of carrying that 

product in inventory. If setups are done frequently and production runs are done in 

small batches, the result will be low levels of inventory, but the production costs will 

be higher due to increased setup activity (Nielsen et al. 2010). If production costs are 

minimized by doing long production runs, then inventory levels will be higher and 

product inventory carrying costs will be higher.” (Hugos 2018, 77-83; Segerstedt 

2017) 

 

The final stage, deliver, includes activities such as order management, delivery 

scheduling and reverse logistics. Order management is the process of controlling 

order information through the supply chain, end to end, including information about 

delivery dates, product specifics, invoicing and so on. The delivery schedule is 

affected by mode of transport decisions that depend on customer wishes and 

possible restrictions (Miller & Liberatore 2015). Highly responsive supply chains can 

have high shipping and delivery costs because their customers expect fast delivery, 

which can lead to many small deliveries. Less responsive supply chains can 

aggregate orders over a period of time and make fewer and larger shipments which 
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increases economies of scale and lowers transportation costs. All supply chains have 

to deal with returns, which is often a difficult and inefficient process in itself, but the 

number of returns also indicates the inoperability of the original supply chain. 

Customers will return faulty products, defective and damaged products, or additional 

products, in other words all products that do not reach the expected level or the order 

information. As return volumes increase, it is ultimately more effective to focus on the 

root cause of the return and to develop the supply chain so that return is not required 

in the first place, than to streamline the return process. (Hugos 2018, 84-96) 

 

Because of globalization, distribution channels of goods and services have become 

very complex and the socio-economic conditions of the respective regions are a 

major success factor of supply chain networks (Dubey, Gunasekaran, Papadopoulos, 

Childe, Shibin, & Wamba, 2017). Because of the complexity of the current supply 

chains, supply chain systems can help companies to achieve efficiency and reduce 

the lifecycles (Teixeira et al 2018) but also companies today are more vulnerable to 

risks and disruptions in the supply chain due the complexity (Zsidisin & Henke 2019; 

Habermann, Blackhurst & Metcalf 2015; MacCarthy, Blome, Olhager, Srai & Zhao 

2016). Disruptions arises from variety of reasons including bankruptcy, weather 

conditions, natural disasters, terrorism, labour disputes, incompetence, machine 

breakdowns, failing supplier capabilities, volatile markets, epidemics and so on 

(Zsidisin & Henke 2019). Supply chain risk management is an essential part of 

identifying, preventing and managing the mentioned risks and disruptions, but the 

company management must possess knowledge of the supply chain and operations 

in general in order to select the appropriate strategy for supply chain, processes and 

management to be effective (Teixeira et al. 2018). 

 

3.1    Internal supply chain 

 
Internal supply chain usually refers to the functions of the unit that manufactures a 

product or service, the core unit, for example a factory that manufactures the end 

product. The main concepts of these functions are sales, procurement, production, 

and logistics (Nakano 2020, 3). The previous chapter dealt with the supply chain as a 

whole in general, dividing it into four parts, which were plan, source, make and 

deliver. For simplicity and the sake of consistency, it can be understood that sales 
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are part of planning section, procurement part of sourcing section, production part of 

making section and logistics part of delivering section.  

 

The internal supply chain arises from the relationships between these main functions 

that affect the operations of the core unit (Habermann et al. 2015). For example, the 

relationship between sales and procurement, sold products and forecasts from 

historical data indicate for procurement which components production would need in 

the future and in what quantities. Information from sales also gives information to 

production, such as capacity requirements and scheduling. Then, the relationship 

between procurement and production, incoming orders creates order backlog which 

tells production what kind of raw material and components are needed and when 

(Frontoni et al. 2020). This information is passed to procurement which makes sure 

that production has all materials required in right quantities, quality and at the right 

time (Platts & Song 2010). Logistics has a relationship between procurement and 

production. Logistics is needed to transport raw materials and components to the 

manufacturing unit and finished products are transported to customers, sales units, or 

distributors. These above-mentioned logistics requirements are external logistics that 

take place either to, or from the manufacturing unit (Miller & Liberatore 2015). There 

is also a need for logistics within the manufacturing unit, internal logistics by which 

material flows from one operation to another within the unit. For example, upon 

receipt of the goods, the materials are transported to a warehouse or production 

stock. From the production stock, the materials are transported to the production line. 

The production line may need logistics as well. The finished product is transported to 

the packing area and onwards to the loading area and will be loaded, from which the 

journey by external logistics continues. (Nakano 2020, 3-4) 

 

3.2    Internal supply chain management 
 

Supply chain management can be described as the systemic, strategic coordination 

of business and creating and managing tactics within in order to improve the long-

term performance of operations and the supply chain as a whole (Ellram & Cooper 

2014). Supply chain management is guided by some basic concepts that have not 

changed much over the centuries. The saying by Robert Hilliard Barrow (1922-2008), 

a United States Marine Corps four-star general, "amateurs talk about strategy and 
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professionals talk about logistics" suggests that big lines and strategies can be 

discussed by managers, but none of them is possible without first figuring out how to 

meet every day operative demands (Hugos 2018, 2-4). 

 

Effective internal supply chain management requires simultaneous improvements in 

both customer service levels and the internal operational efficiency of supply chain, 

which are often slightly inconsistent. For example, efficient and responsive customer 

satisfaction fulfillment may require higher inventory, which in turn raises inventory 

costs and requires appropriate facilities (Frontoni et al. 2020). A high level of 

customer service often means that customers are offered a high level of product with 

a short delivery time and an efficient internal supply chain constantly strives to 

increase the efficiency of its operations so that operational costs are reduced to the 

lowest level possible (Dwayne Whitten et al. 2012). However, high quality products 

and services are not the cheapest to produce and a fast delivery time often also 

requires a fast delivery method which is expensive. These do not sit on the goal of 

supply chain efficiency to reduce operational costs. The challenge of internal supply 

chain management is to find a balance between these two objectives, which at the 

same time creates customer satisfaction and thereby increases sales and considers 

operational operations profitable. (Hugos 2018, 4-5) 

 

Each supply chain has its own unique market requirements and operational 

challenges, but there is a basic model of internal supply chain management that 

includes five areas: production, inventory, location, transportation, and information 

(Hugos 2018, 10). Table 1 shows how the main themes of the internal supply chain 

and its management are divided under the four main concepts of the supply chain, 

plan, source, make and deliver. As can be seen from the table some themes of 

internal supply chain management are part of several main supply chain themes, for 

example decision of location, transportation and information are part of all main 

themes. 
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Table 1: Supply chain themes 

 

 

Production means the ability of the internal supply chain to manufacture and store 

products (Hugos 2018, 10-13). Overcapacity can create a higher resilience to 

customer expectations, but unused capacity is a wasted resource. Strictly designed 

capacity for production and storage is often an efficient use of resources, but is it able 

to respond volatile markets? Inventory has spread throughout the supply chain and 

includes everything from raw materials to finished products (Danese & Kalchschmidt 

2011). Managers need to decide where they want to be in the trade-off between 

responsiveness and efficiency, as maintaining large inventories allows the internal 

supply chain to respond well to fluctuations in customer demand but creating 

inventory and storing creates more inventory costs (Frontoni et al. 2020).  

 

Location refers to the geographical location of supply chain facilities, for which 

decisions are very strategic as they bind large sums in the long run. Location 

decisions decide which functions should be performed at each facility (Segerstedt 

2017). “When making location decisions, managers must consider a number of 

factors, such as facility costs, labor costs, available skills to the workforce, 

infrastructure conditions, taxes and tariffs, and proximity to suppliers and customers 

(Platts & Song 2010)”. The trade-off between responsiveness and efficiency here is 

the decision to centralize operations to make operations efficient, or to decentralize 

operations close to customers and suppliers to make operations more responsive 

(Hugos 2018, 13; MacCarthy et al. 2016). Transportation costs can be as much as a 

third of the supply chain’s operating costs, so the decisions made here are very 

important (Miller & Liberatore 2015). Transportation means moving everything from 

raw materials to finished products between different sites in the supply chain. In 

transport, the trade-off between responsiveness and efficiency is reflected in the 
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choice of mode of transport, as fast and responsive modes such as airplanes are 

more expensive, while slower and less-responsive options such as ship and train are 

cost-effective (Hugos 2018, 13-15). Location decisions have an impact on transport 

decisions, as the planning of routing and timing between locations strongly influences 

the choice of mode of transport (Miller & Liberatore 2015).  

 

The information and its flow between all supply chain operations is the basis for 

decision-making for the other four internal supply chain areas (Ellram & Cooper 

2014). Information should be accurate, up-to-date, and complete in order to the 

companies be able to make good decisions based on this information. Information 

plays an important role in the coordination of day-to-day operations as well as in 

major strategic decisions (Shih et al. 2012). Production, inventory, location, and 

transportation operations use data on product demand for weekly production 

scheduling, inventory level planning, selection of transportation routes, and 

warehouse management. Forecasting and planning is part of day-to-day operations 

to enable a company to anticipate and meet future requirements (Frontoni et al. 

2020). The available data, forecast and historical, enables tactical forecasts that 

guide the setting of monthly and quarterly production schedules. The data is also 

used in strategic forecasts to guide decisions such as building new facilities, entering 

new markets, or exiting existing markets. The power of information and data 

increases every year as technology for collecting and sharing data becomes more 

common, easier to use, and cheaper (Dwayne Whitten et al. 2012). Information on 

production, inventory, and transportation can be directly utilized to improve 

performance. A high level of responsiveness can be achieved when companies 

collect and share accurate and timely data generated from production, inventory, and 

transportation operations. (Hugos 2018, 16, 32) 

 

Internal supply chain management aims to increase customer satisfaction through 

responsiveness and minimize costs through efficiency (Ellram & Cooper 2014; 

Dwayne Whitten et al. 2012), but the performance of these objectives could be 

measured? Measuring the performance of categories such as customer service, 

internal efficiency, demand flexibility and product development can reveal the status 

of overall responsiveness and efficiency of the company. Customer service measures 

the internal supply chain’s ability to meet customer expectations. Depending on the 
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type of market, customers have different expectations of customer service, for 

example in terms of availability and delivery, but the supply chain must still meet the 

customer service expectations of the people in that market. The reason that any 

company exists is to serve its customers and the reason that any supply chain exists 

is to serve the market it is attached to. Measuring customer service indicate how well 

a company serves its customers and how well a supply chain supports its market. 

There are two sets of customer service metrics, depending on whether the company 

or internal supply chain is in a make-to-stock (MTS) or make-to-order (MTO) 

situation. Below is listed popular metrics for measuring customer service 

performance of MTS supply chain: 

 

• Complete order fill rate  

• On-time delivery rate 

• Value and number of backorders 

• Frequency and duration of backorders 

• Line item return rate (Hugos 2018, 163, 167-168) 

 

In the MTS environment, the customer wants their entire order to be executed 

immediately (Segerstedt 2017). The order fill quantity measures the percentage of all 

orders where all the products in the order are filled immediately from stock. On-time 

delivery rate measures the delivery punctuality, next two measurements measure the 

order backlog and line item return rate measures the quantity of returns. (Hugos 

2018, 167-168) 

 

Below is listed popular metrics for measuring customer service performance of MTO 

supply chain: 

• Quoted customer response time and on-time completion rate 

• On-time delivery rate 

• Value and number of late orders 

• Frequency and duration of late orders 

• Number of warranties, returns and repairs (Hugos 2018, 163-164, 167-168) 

 

In MTO environment the customer orders a customized product and it is important to 
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monitor both the quoted customer response time and the on-time completion rate 

(Nielsen et al. 2010). It is easier for a company to achieve a high on-time completion 

rate if it quotes longer customer response times. A longer quoted response time may 

be an attractive option for the company, but does it meet customer expectations and 

is it in line with the company’s values and strategy? Quoted response times must 

meet customer expectations and requirements, as well as the company's own values 

and follow its strategy (Segerstedt 2017). On-time delivery rate measures the delivery 

punctuality, next two metrics measures the late order backlog and number of 

warranties, returns and repairs measures the quantities of orders which did not meet 

the desired quality level. (Hugos 2018, 167-168) 

 

Internal efficiency refers to the ability of a company or internal supply chain to 

operate in a way that produces an appropriate level of profitability (Dwayne Whitten 

et al. 2012). The appropriate level of profitability varies between markets, for 

example, emerging markets generally prefer a higher profit margin when there is little 

historical data for forecasting and no experience of the level of demand, while in a 

mature markets a lower profit margin is sufficient as the market is expected to have a 

steady demand (Nielsen et al. 2010). Popular metrics for measuring internal 

efficiency are inventory value, inventory turns, return on sales and cash-to-cash cycle 

time. Companies are always looking for ways to reduce inventory value aiming to 

meet demand without maintaining any extra inventory and continue to provide a high 

level of customer service (Frontoni et al. 2020). Inventory value should be measured 

at a point in time and also as average over time. Always minimization of inventory is 

not the best solution, for example in growth markets. Inventory turns measure the 

profitability of inventory by tracking the speed with which it is turned over during the 

specified time period. The higher the turn rate, the better, although some lower 

turning inventory should be available in order to meet customer service and demand 

flexibility. Return on sales is a broad measure of how well an operation is being run. It 

measures how well fixed and variable costs are managed and also the gross profit 

generated on sale. The higher the return on sales, the better. Cash-to-cash cycle 

time is the time it takes from when a company pays its suppliers for materials to when 

it gets paid by its customers. The shorter this cycle time, the better. Late payments, 

invoicing errors, selling errors and credit risks effect on accounts payables and 

receivables but this area is usually still easier to develop than inventory values. 
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(Hugos 2018, 164, 168-170) 

 

Demand flexibility measures the ability to respond to uncertainty at the level of 

product demand (Danese & Kalchschmidt 2011). It shows how much volume growth 

compared to current demand can be handled by a company or internal supply chain 

and includes the ability to respond to uncertainty in the product range that may be 

required (Frontoni et al. 2020). Demand flexibility describes a company’s ability to 

respond to new demands in the quantity and range of products which is measured by 

activity cycle time, upside flexibility and outside flexibility. Activity cycle time 

measures the amount of time it takes to perform a supply chain activity such as order 

fulfillment, product design and assembly. Upside flexibility is the ability of a company 

or internal supply chain to respond quickly to additional order volume. For example, if 

normal order volume is 100 units per week, can order be accommodated that is 25 

percent greater one week or will the extra product demand wind up as a backorder? 

Outside flexibility is the ability to deliver other products to the customer quickly 

outside of the products normally delivered. In some situations, offering a new product 

is a logical extension of the original product, but there is also a risk if the new product 

is not related to the original product. By responding to new product demands, at best 

there is possibility to reach new customers and increase sales. (Hugos 2018, 164, 

170-172) 

 

Product development encompasses a company’s supply chain’s ability to continue to 

evolve along with the markets (MacCarthy et al. 2016; Hugos 2018, 189). It 

measures the ability to develop and deliver new products in a timely manner. A 

supply chain must keep pace with the market it serves, or it will be replaced. The 

ability to keep pace with an evolving market can be measured by metrics such as, 

percentage of total products sold that were introduced in the last year and cycle time 

to develop and deliver a new product (Hugos 2018, 164, 172-173). 

 

In a nutshell, how to manage internal supply chain effectively? First, management 

needs to define key performance targets in the areas of customer service, internal 

efficiency, demand flexibility, and product development (MacCarthy et al. 2016). And 

then, management needs to figure out how to manage operations to achieve the 

target numbers. Creating a data collecting model and then collecting performance 
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data is key which help monitor and control daily, weekly, and monthly operations but 

also there is a great need to learn to use and share data effectively to make 

decisions and act (Hallikas, Immonen, Brax 2021). Speed is a major competitive 

advantage as the faster a company can spot problems and fix them or see 

opportunities and respond to them, the more profitable the company will be. It is also 

important for different parts of supply chain to figure out how to inform each other 

about their performance. Information sharing is crucial in the internal supply chain 

coordination because appropriate information sharing between different parts of 

internal supply chain can help optimizing the whole supply chain (Forgionne & Guo 

2009; Hallikas et al. 2021). Information can then be combined to provide a holistic 

picture of the performance of the entire supply chain. When each part in a supply 

chain sees how the supply chain is working overall, then each part can make better 

individual decisions about where performance improvements are needed. The parts 

of supply chain which can work together to create efficient supply chains are going to 

be the most competitive and attractive to customers’ long term. (Hugos 2018, 189-

192) 

 

 
4 STRATEGIES 

 
In changing competitive markets, re-engineering of supply chain may be a necessity. 

Reasons for change may be a need to serve markets better, exploit new 

opportunities, be more cost efficient and achieve stronger operational performance. 

Lean thinking is often a dominant strategy in contemporary supply chain design, but 

agility has also become a trend (MacCarthy et al. 2016; Zhang 2011; Ahmed & 

Rashdi 2020). As Lean supply chain strategy aims to improve product quality and 

reduce costs by focusing on removal of waste, Agile supply chain strategy aims to 

response quickly to changing customer needs by focusing on service level and lead 

time. This been said, the choice of strategy is not only related to the company’s 

processes and the market in which the company operates but to the mindset and 

philosophy of the company (Drake, Myung & Hussain 2013). The case company's 

strategy includes Lean operations with end-to-end focus, and Agile operating models 

are also used at some level in the case factory. The choice of production method is 

part of the company's strategy. This case study examines a specific product family at 

a case factory that is manufactured using the make-to-order method. Therefore, this 
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chapter deals with make-to-order manufacturing too.  

 

4.1  Make-to-order manufacturing 
 

Make-to-order (MTO) manufacturing process is a process when manufacturer 

produces products based on specific customer order (Segerstedt 2017). MTO 

production systems are successful strategies for companies which offer 

customization and variety of products (Öner-Közen & Minner 2017; Ioannou & 

Dimitriou 2012). Studies have presented make-to-stock (MTS) production 

environment to replace MTO, but also MTS-MTO hybrid production environment 

(Rafiei, Rabbani & Kokabi 2014; Kuthambalayan & Bera 2020) has been suggested 

to ease the challenges associated with the MTO production environment but for all 

companies or products, maintaining a stock of finished products is not sensible or 

cost-effective, in which case the MTO production process is then a necessary choice 

(Öner-Közen & Minner 2017). 

 

The manufacturer can plan the manufacturing schedule once the order is in, or lead 

time is set to standard (Nielsen et al. 2010). In both cases the manufacturer must 

decide on the appropriate lead time of orders or products. In order to make that kind 

of decision, the manufacturer needs to have a comprehensive understanding of 

internal systems and processes, as well as the external processes and 

characteristics of incoming orders (Kaminsky 2008; Ioannou & Dimitriou 2012). Set 

lead times have significant impact on the company’s operations as tight lead times 

lead to expediting and past orders, and too long lead times aggravate the material 

resource planning (MRP) performance significantly. Lead time estimation methods 

are based on statistical analysis, but variables and order flow time relations should be 

examined also because uncontrolled variables occur in MTO production. (Ioannou & 

Dimitriou 2012) 

 

One challenge for make-to-order production style is demand fluctuations which tend 

to lead to utilisation fluctuations and delivery delays, especially when the demand is 

at high level (Nielsen et al. 2010). However, the response time to customer orders is 

critical for supply chain success which consists of product lead time and delivery time 
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to customers. Therefore, lead time reduction, punctuality, efficiency, leadership, and 

supply chain management play a major role in successful MTO production. 

(Beemsterboer, Land, Teunter & Bokhorst 2017) 

 

Scheduling problems and fluctuation of workload are identified challenges of MTO 

production and various tools exist for these issues, such as workload control order 

release methods which controls the workload in production (Yu, Ji, Qi, Gu & Tao 

2015; Thürer, Stevenson, Silva, Land & Fredendall 2012; Öner-Közen & Minner 

2017). Existing studies identify the order release methods and those can be divided 

into periodic and continuous release methods. Periodic release means when release 

is accompanied by a rule and the release is made in accordance with that rule but 

considering workload norms and limits. One example of periodic order release 

methods is a planned release date. Continuous order release methods do not apply a 

rule or workload norms and limits, but a trigger. Triggers can be for example if direct 

load of the bottleneck, work center or production load falls below a predetermined 

load limit. This means that orders are released until the triggered limit is exceeded, 

but the workload is not considered, therefore there is no maximum workload 

constraint. (Thürer, Stevenson, Silva, Land & Fredendall 2012) 

 

Research paper by Thürer et al. (2012) examined make-to-order production and its 

workload control which simultaneously controls production, capacity, and lead times. 

This study introduced order release method wherein the periodic release method was 

supplemented with features of continuous release methods which also follows the 

Lean principles. In this presented method orders will be pulled into productions in 

between periodic releases if a work center is starving, therefore the method 

complements the Lean principle, levelling. The method introduced was claimed to 

consider overall performance, sustainability, and practicality. The study also argued 

that lead times and punctuality can be improved simultaneously and that the rules for 

order releasing to production and rules for shipping orders, can complement each 

other. (Thürer et al. 2012) 

 

Kundu, Land, Portioli-Staudacher and Bokhorst (2020) studied the effects of order 
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review and release on lead time, punctuality, and flexibility. The study found that late 

release had a negative effect on punctuality. The research presented an extended 

schedule visibility that allows to see the current order release period but also the 

future period. The idea was that with wider schedule visibility, larger quantities of 

orders could be released to production as study showed that falling below production 

capacity led to decreased punctuality, while moderate overcapacity even had a 

positive effect on punctuality and lead times. The claim was that orders can spend on 

average around 30 percent less time in production with an effective order review and 

release method, while at the same time the punctuality percentage is increased. 

(Kundu, Land, Portioli-Staudacher & Bokhorst 2020) 

 
4.2  Lean 

 
Lean is a development concept for a company which strives to be more efficient, and 

with Lean principles the company can result better customer value by streamlining 

their operations (Jadhav, Mantha & Rane 2014). Lean is commonly known as 

manufacturing strategy, but it fits for entire supply chain (Peterson, Olsson, 

Lundström, Johansson, Broman, & Alsterman 2018, 39). Lean pursues towards 

business which operates with highest quality, lowest cost, and shortest lead time 

(Chavez, Jacobs, Fynes, Wiengarten & Lecuna 2015; Peterson et. al. 2018, 39-41). 

Lean as a concept has become a popular in recent years but its roots go back to the 

early 20th century. The concept was first developed and introduced in the automotive 

industry (Noto & Cosenz 2020). The general perception is that Toyota in Japan was 

the first but really the first steps towards the Lean model were taken in North America 

by Henry Ford. Henry Ford’s goal was to build a car which anyone could afford to 

buy. This ambitious goal meant that production costs must be low and production 

quantities high and answer to this was mass production. Together with mass 

production, Ford focused on standardization and quality, so the whole process was 

done same way and correctly, with high quality from start to finish. Ford introduced 

the first automotive assembly line in 1913 (Peterson et al. 2018, 39-41). Toyota 

continued the production development and created their own production system 

called Toyota Production System which is the starting point for what is now called 

Lean. Toyota Production System introduced many terms which are used in this day 

too, for example Jidoka and Just-In-Time. (Peterson et al. 2018, 43–45) 
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4.2.1 Definition  
 

Lean is a holistic approach and a long-term strategy for managing operations and it 

covers corporate culture, values, policies, methods, leadership, employee 

participation, and so on (Peterson et al. 2018, 17). When applying Lean, it is vital to 

recognize the customer who is benefiting from the resulting added value, so 

customer orientation plays an important role in the business strategy (Ahmed & 

Rashdi 2020). In order to create added value for the customer, process and flow are 

important terms. The term process means one processing step or phase and the 

term flow means the entity of processing steps which binds each function together 

resulting the end product or service. It is not enough to improve only processes 

individually, it is important to get processes to work together smoothly in order to 

create efficient flow, which therefore creates the targeted added value for the 

customer. (Peterson et al. 2018, 22–25)  

 

The target of Lean is to minimize and even eliminate any kind of waste in operations 

which creates already mentioned added value for the customer (Jungbae Roh, Hong, 

Park & Hassini 2008). Waste usually comes from overproduction, waiting, 

unnecessary transportation, over processing, unnecessary stock, unnecessary 

movement, faulty products, and non-use of staff skills (Chavez et al. 2015). All these 

mentioned sources of waste are united by the words extra, useless, unnecessary, 

faulty, and not taking advantage from a good opportunity. (Peterson et al. 2018, 17–

19) 

 

Minimization of waste occurs mainly by observing and resolving anomalies (Noto & 

Cosenz 2020). Commonly used tools for finding anomalies is Lean principles which 

are presented in picture 2 below. Main principles are Just-In-Time (JIT), levelling, 

standardization, and continuous improvement (Peterson et al. 2018, 75–77; Jadhav 

et al. 2014). 
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Picture 2: Toyota Production System house (Leanblitz Consulting 2020a)  

 

JIT by its name means delivering a product or service to the customer at just the right 

time (Noto & Cosenz 2020). Standardization means that when a company has jointly 

agreed on the best way to operate in a particular activity, everyone will act in that 

way. This way of operating brings great benefits to many things, such as consistent 

quality. The term levelling refers to flow levelling, which more specifically means 

levelling production as well as workload. Flow levelling has positive effect on quality 

but there also no stress spikes or on the other hand, idle time. All of the above 

principles and supporting principles are interlinked and together bring the greatest 

value to the company’s operations. With all of these principles, waste can be 

minimized, quality improved, costs reduced, and lead times shortened. (Peterson et 

al. 2018, 75–119) 

 

Value stream map is commonly used for describing the process under improvement 

project and highlight areas for development and where the waste is located (Noto & 

Cosenz 2020). “The importance of Value Stream Mapping lies in the fact that it 

becomes a living reference to create, re-design or improve business processes for 

the whole enterprise” (Suarez-Barraza et al. 2016). Value stream map differs from 

the traditional process map mainly due to added angle of customer point of view. 

While traditional process maps are great for describing and documenting processes, 

training employees and for auditing they often lack the evaluation of timing, and 
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which function generates value for the customer and which does not. Value stream 

mapping is a tool for understanding on-time delivery for supply chain in organization, 

but also to recognize waste and added value within the supply chain (Nagi & Altarazi, 

2017).  

 

Traditional process map is usually created by the operative personnel involved in the 

process in question while value stream map creation requires cross-functional team 

chain (Nagi & Altarazi, 2017). Each function understands its activities but members of 

one function are rarely familiar of the whole process and customer transaction. It is 

also very possible that the members of a specifics function have never directly 

cooperated with another function, even though the functions connected together 

results the complete supply chain (Keim, 2019). When cross-functional team is 

created, a high-level process map will be created. With this approach, team members 

can begin to understand how all functions work together to meet customer needs. 

Next step is to determine what process steps add value from the customer's 

perspective (Noto & Cosenz 2020). Process steps that provide actual added value 

from the customer’s perspective are those that the customer is willing to pay for, such 

as performing the process correctly at the first time and the step that causes a real 

change in the form, suitability, or performance of the process inputs. Other process 

steps should be eliminated or minimized depending on whether they are necessary. 

Without value adding factor but necessary process steps should be performed as 

efficiently as possible. Existing organizational policies need to be reviewed and 

changed if they are the only reason why worthlessly added steps are included in the 

process. It is important to assess carefully what makes the activity necessary, such 

as whether it is related to laws and regulations, necessary for the production of the 

final product or service, or related or organizational traditions and policies? 

Organization traditions and policies should be reviewed and changed if they are the 

sole reason why non-value-added steps are included in the process. (Keim, 2019) 

 

Then details are added to the process map, such as adding more subsections under 

each process step that consider cross-functional operations and requirements such 

as information flow. When the process is described in sufficient detail and the links to 

the steps are considered, operational information such as required time needed to 

complete each step and which function produces faults are added to the map, 
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resulting value stream map chain (Nagi & Altarazi, 2017). The value stream map is 

therefore based on the traditional process map, but there are people from different 

functions in its creation, the customer point of view is strongly considered, and the 

map is much more detailed. Value stream map can describe the current process, as 

well as show the future desired process. The map does not have to be exactly as 

described in the previous paragraph but can be created to suit the needs of the 

company and the customer. (Keim, 2019) 

 

4.2.2 Challenges  

 
Supply chain strategies seeks a situation where production, suppliers, warehouses, 

and distribution centers produce and distributes products at the right amounts, to the 

right location at the right time (Qrunfleh et al. 2013). Supply chain strategies has end-

to-end process focus so it must be aligned to the company's business strategy 

(Drake, Myung & Hussain 2013). While for example, Lean production systems have 

become more and more popular, organizations seem to have failed or just have not 

considered that the Lean production system should be supported with supply chain 

strategy which is also Lean and won’t interrupt the production or cause waste (Harris 

2013). This chapter briefly discusses the challenges of implementing and managing a 

Lean supply chain strategy. A research by Jadhav, Mantha and Rane (2014) studied 

the barriers of Lean implementation. Researchers listed multiple implementation 

barriers which are concluded below: 

 

1. Top management resistance 

2. Employee resistance 

3. Lack of top management leadership and involvement 

4. Absence of sound strategic action 

5. Lack of communication 

6. Lack of cooperation and trust 

7. Organizational culture and cross-functional conflicts 

8. Lack of training and empowerment of employees 

9. Lack of training of managers 

10.  Lack of resources 

11.  Lack of logistic support 
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12.  Problems with machinery and plant configuration 

13.  Slow response to markets (Jadhav et al. 2014) 

 

Resistance exists not only among employees but also in top management, according 

to existing research. senior management resistance is associated with change-

related uncertainty, pressure, and the challenge of learning something new. 

Employee resistance is most often associated with fear of job loss. Lean methods 

aim to reduce waste and add value to for the customer through effective operations, 

this can manifest to the employee as fear that his/her work will not produce value, in 

which case the aim is to get rid of it. Other reasons for resistance include frustration 

with the implementation process, the challenge of changing attitudes and ways of 

working, and lack of motivation which is also influenced by the company's reward and 

bonus schemes, whether they are in line with Lean goals and motivate employees 

towards change. (Jadhav et al. 2014; Belhadi, Touriki & Elfezazi 2019) 

 

The success of Lean requires that the company's vision, strategy, and goals are in 

line with Lean goals (Belhadi et al. 2019). The lack of strategic direction and vision of 

the company towards Lean management is a pitfall. Studies show that poor 

leadership is one of the biggest reasons for Lean implementation failure and weak 

management commitment is an obstacle to Lean implementation. Success in Lean 

requires commitment from top management. Lack of management commitment can 

lead to many problems, including limited access to resources, lengthy decision-

making processes, and disruptions to communication. Major difficulties companies 

have encounter in attempting to apply Lean are found to be a lack of direction, 

planning and adequate project sequencing. The implementation has to be carefully 

planned, the understanding from the staff has to grow and the top manager has to 

carry the plan without losing the employees' trust or motivation. (Jadhav et al. 2014) 

 

Lack of communication, cooperation and mutual trust between management and 

employees and also between stakeholders is a bane for successful Lean 

implementation. Management needs to communicate and listen to people from 

different levels of the company and employees need to be properly informed of the 

changes that are being implemented. Poor communication between different 

stakeholders is one of the top reasons for poor success of Lean (Belhadi et al. 2019). 
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Strong communication, cooperation and mutual trust between the employees, 

management and stakeholders is prerequisite to creating an atmosphere conducive 

for Lean implementation. Cross-functional teams comprises representatives from 

various departments and levels within the organization and these teams are critical 

for the success of Lean implementation. Conflicts which are constructive are 

sometimes inevitable but lacuna in communication leads to destructive conflict 

among team members, derailing the Lean implementation. The lack of 

interdepartmental relationships and communication gap are responsible for conflicts, 

problems and has caused failures in Lean projects. Effective information flows in 

organizations reflect the cultural traits and strategic practices, which require high 

level of congruence between organizational culture and strategic practices (Jungbae 

Roh, Hong, Park & Hassini 2008). Organizational culture is important factor in the 

selection of strategy and its implementation, or strategy should fit into the company’s 

organizational culture or the culture should be prepared to change as required. 

Organizational culture is important factor because it includes basic assumptions and 

practices, but also values. Values are for example strategies, goals, and philosophies 

and therefore an effective strategy should be aligned to the organizational culture. 

(Jadhav et al. 2014; Jungbae et al. 2008) 

 

The lack of training for employees, but also for managers, is a pitfall that hinders 

Lean projects. The new way of working requires new knowledge and skills. 

Employees and managers must be provided with the necessary training to help them 

learn basic knowledge and skills for improvement and encourage them to boldly try 

new things and possibly take responsibility for development projects. Lack of 

inadequate training is linked to lack of resources. Lack of resources, financial, 

technical, and human resources is a common cause of for not only to lack of training, 

but Lean implementation failure. Resources is not only related to training, money, 

people, or project planning, but also to the operational activities themselves and 

enabling it. Lean operations require machines which are reliable and efficient, flexible 

layouts that reduce movements of both materials and people, minimize material 

handling losses and avoid inventories between stations, which makes facility layout 

and modernization of plant and equipment very important. Lean methods aim to 

streamline operations, and, for example, the JIT strategy is very common. JIT-

compliant operations run on very low inventories, timely and uninterrupted processes. 
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External and internal logistics play a big role in this, and the failure of logistics or its 

negligent planning will cause the JIT principle to fail. (Jadhav et al. 2014) 

 

The benefits of Lean are jeopardized when demand fluctuates, orders increase, or a 

balanced workload cannot be achieved. Whether the Lean strategy is generally 

suitable for a volatile market nor uneven production volumes have been disputed in 

existing studies, for example the study by Jadhav, Mantha and Rane (2014) found 

that a well-designed Lean system allows for an immediate and effective response to 

varying customer demands and requirements. While the study by Qrunfleh and 

Tarafdar (2013) noted that Lean strategy does not correlate with flexibility nor 

responsiveness and study by Ahmed and Rashdi (2020) argued that Lean strategy 

does not complement risk management capabilities especially in an uncertain market 

condition (Qrunfleh et al 2013; Ahmed & Rashdi 2020). (Jadhav et al. 2014;) 

 

Therefore, can a well-designed and managed Lean strategy also respond quickly to 

volatile market, possible changes, and disruptions, or is it only suitable for a mature 

market and to a stable, fixed production volume? There does not seem to be a clear 

answer to this in the existing literature or studies, which reveals a potential research 

gap. 

 

4.3  Agile 

 
Agile as a concept was born in the late 1990s, but its roots go back to the 1980s, 

when it began to be noticed that traditional methods did not bend into a changing 

environment (Jungbae Roh et al. 2008). Over time from the 1980s to the 1990s, 

technology developed, globalization spread, and the business environment continued 

to become more volatile. Economic situation, trade and markets were not the same 

and there would be no return to the past, therefore new strategies were needed, and 

such were also developed, like Agile. (Moran 2015, 1; Pikkarainen, Salo, Kuusela, & 

Abrahamsson 2012) 

 

The concept of Agile is rooted in different organizational theories and can be applied 

to different targets and at different levels. Agile is described as a management 

philosophy, manufacturing paradigm, or strategy. This wide scope makes Agile a 
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complex and intangible structure that can be seen from many different perspectives. 

Agile has a link to Lean, some of which information radiators and used charts are 

coming from. Constant Lean thinking, such as continuous improvement, has led to 

the current Agile methods. The goal of Agile methods is to achieve higher levels of 

agility by effectively configuring the system elements of an organization (Zhang 

2011). Agile methods include software engineering for accelerate software projects 

and to cope with growing complexities (Campanelli & Parreiras 2015; Misra, Kumar, 

Kumar, Fantazy & Akhter 2012). (Moran 2015, 1, 5; Kahl, Klerk de, Ogulin 2021) 

 

4.3.1 Definition 

 
Agility drivers relate to internal and external factors of change caused by dynamic 

and complex environmental conditions, such as changes in global markets, 

technological innovation, social factors, legal considerations, business network and 

supply chain dynamics, and internal complexity (Dwayne Whitten et al. 2012). Drivers 

may be due to the large entities mentioned before, but also increasing and volatile 

customer demand, cost pressures, hyper-competition and employees seeking 

independence and responsibility are common drivers that are very familiar and even 

everyday aspects for companies (Kahl et al. 2021; Zhang 2011). 

 

Agile strategy uses tools and methods to respond to a changing situation quickly, 

agilely and creating value (Zhang 2011; Wells 2014). However, all the tools and 

methods used in Agile are not entirely new, but rather the strategy combines existing 

tools with some new ones to achieve a specific goal, agile operation. Agile strategy 

can be described as adaptive, value-driven, collaborative, and empowered which are 

also its core elements. Adaptive means accepting that in the pursuit of profit, there is 

more risks, and that change is inevitable, but the company is prepared to react to 

these facts. For example, high-level plans are made, but the company is ready to 

return to them when all the necessary information is available and when situation is 

changed, as well as the situation is regularly reviewed. This requires a decentralized 

and iterative approach to developing solutions that meet the changing needs of the 

company. Value-driven means that there is more direct assessment of progress and 

draws on the direct experience and input of those who need the solution. This 

requires tighter integration of stakeholders, communication, leaner production 
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practices and incremental delivery of working solutions. Agile strategy is about 

collaboration. It avoids individual specialists working alone but prefers multi-

disciplinary and highly communicative teams that share their experiences and tacit 

knowledge in order to gain consensus regarding the solution. The last core element, 

empowered, is about the environment. An environment of empowerment feeds the 

creation of integrated teams where humanistic values of trust, respect and courage 

are required. (Moran 2015, 3-4; Wells 2014) 

 

There are several well-established agile methodologies in use, such as eXtreme 

Programming (XP), Scrum, Dynamic Software Development Method (DSDM) and 

Scaled Agile Framework (SAF). XP and Scrum are lightweight approaches that have 

a strong product development focus and express their principles in humanist terms 

like respect and courage. DSDM and SAF are heavier methodologies and project 

management focused. DSDM and SAF have stronger structural focus as evidenced 

in its formulation of values which are focus on business need, deliver on time, 

collaborate, and demonstrate control. (Moran 2015, 14-15; Chow & Cao 2008; 

Pikkarainen et al. 2012) 

 

XP is a high discipline methodology that requires adherence to standards and 

commitment to unit testing, refactoring, and integration. One method for example is 

writing of unit tests prior to implementing the solution in order to clarify what 

constitutes done and ensure immediate feedback on progress towards and validation 

of project tasks. The result is a rich interwoven set of techniques that reinforced each 

other and today define the essence of an Agile software development infrastructure. 

Scrum practices are founded upon notions of inspection and adaption reminiscent of 

Lean thinking and focuses in the management of software requirements and 

development (Ahimbisibwe, Cavan & Daellenbach 2015). Scrum can be described as 

a product development methodology with mild project management aspirations, such 

as lightweight tracking and reporting. The scope of Scrum does not reach to other 

activities such as business change management, systems development, or data 

migration. It is argued that Scrum can be successfully embedded within Agile 

methodologies that have a wider scope, like DSDM and SAF. (Moran 2015, 16-21) 

 

DSDM embraces a very wide spectrum of activities throughout the project lifecycle 
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such as governance, quality, and risk. DSDM describe the development process in 

terms of cyclical execution of activities that lead iteratively and incrementally to the 

final solution and offers an option to structure the iteration cycle to act as a control 

mechanism. SAF is interactive knowledge base for implementing Agile practices at 

enterprise scale which include the definition and organization of committed teams 

tasked with building and testing components that are accountable for delivering 

results with dual levels of planning and tracking. (Moran 2015, 21-26) 

 

4.3.2 Challenges 

 
Based on recent case studies and research theories on successes or failures and 

problems in Agile implementation and Agile software development projects, the risks 

consist of the development life cycle, project management, and resource- and 

strategic-level planning. The studies have identified problems regarding Agile 

projects and implementation, which are listed below: 

 

1. Lack of management commitment and sponsorship 

2. Organizational culture 

3. Lack of project management competence 

4. Employee resistance 

5. Lack of communication 

6. Lack of cooperation 

7. Lack of necessary skills 

8. Lack of correct Agile practices 

9. Lack of technology and tools (Chow & Cao 2008; Pikkarainen et al. 2012; 

Ahimbisibwe et al. 2015; Misra et al. 2012) 

 

The challenges identified are very similar to those related to Lean implementation 

and management, which are related to organizational, people, process, and technical 

issues. Organizational issues are related to management commitment and culture. In 

order to success in Agile implementation, a strong executive support and committed 

management are required and organizational culture should be more cooperative 

than hierarchical (Pikkarainen et al. 2012; Misra et al. 2012). It is also important that 

organization offers facility with proper agile-style work environment and company 
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reward system is appropriate. Issues related to people and process are lack of 

project management competence, employee resistance, lack of communication, 

cooperation and skills, and lack of correct Agile practices (Ahimbisibwe et al. 2015; 

Misra et al. 2012). In order to success, Agile team should be gathered by members 

with high competence and expertise with great motivation. Manager should possess 

strong knowledge of Agile processes and have adaptive management style. Project 

management should follow agile-oriented process and configuration and have strong 

customer orientation and presence. Project managements responsibilities are also 

taking care of that cost evaluation and risk analysis are done up front, project type 

has variable scope with emergent requirement (Pikkarainen et al. 2012), projects 

have dynamic and accelerated schedule, projects are conducted with small team 

(Misra et al. 2012) and not having multiple independent teams. Issues related to 

technical issues are lack of proper technology and tools. Successful Agile project 

should focus on having well-defined coding standards up front, pursuing simple 

design, having rigorous refactoring activities, right amount of documentation, regular 

delivery of software, delivering most important features first, correct integration 

testing and appropriate technical training for team. (Chow & Cao 2008; Pikkarainen 

et al. 2012) 

 

Agile methods have been criticized for being claimed to be over‐hyped and 

misunderstood, having difficulties to get the right people involved, danger of incorrect 

application (Pikkarainen et al. 2012), reduction quality through lack of rigor, requires 

significant organizational cultural change (Chow & Cao 2008), will work only when 

senior development team members are involved and lastly according to criticism, 

Agile is said to not be the right fit for large projects and development projects for 

safety critical and reliable systems (Misra et al. 2012). The choices available for 

project management methodologies have increased significantly these days but still it 

is questionable whether alternatives are fully considered (Ahimbisibwe et al. 2015). 

When project categorization systems and criteria are not matched with project 

objectives, characteristics, and environment, this may provide the key reason for why 

many projects are reported to fail to deliver on time, budget or do not give value to 

the client (Misra et al. 2012).  
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5 CASE AND COMPANY INTRODUCTION 
 

Case company is a Finnish factory in global world-leading corporation of lifting 

businesses which roots goes back to the 1910s. The corporation provides versatile 

lifting solutions and in 2020, corporation sales totaled over three billion (EUR). The 

corporation strategy is built around exceeding market growth, profitability, satisfied 

customers, engaged employees and innovative offering. Strategic initiatives, such as 

Lean operations, procurement excellence, business process efficiency improvement 

and project management has been set by the corporation to strengthen the core 

competencies. The corporation has set three values through which it wants to 

communicate that they want to be known for their great people, service commitment 

and sustainable profitability.  

5.1  Customized Lean and Agile approaches 
 
Lean is part of the corporation’s strategy and the corporations has created a 

customized Lean concept for its companies. This customized Lean is an approach 

that every employee can and should use, regardless of their role. Lean is 

fundamentally about leadership, engaging their people in the removal of waste, 

creating balanced flow within all of their processes and functions, end to end. The 

case factory is one of 13 lighthouse factories of the company, which are kind of 

benchmark cases for rest of the factories. Company provides three different training 

and information channels open for every employee, e-learning training, Intranet page 

including information and Lean team, who can support and answer to questions. 

Some in depth training has also been provided for development and management 

teams. 

 

Company’s Lean concept includes eight approaches which are presented in e-

learning training with real life examples of behavior, principles, and tools. Approaches 

are people, teamwork, continuous improvement, right from me, flow, levelling, 

standardization, and leadership values. By people, the company aims to highlight 

work optimization, processes development, participation in decision making, sharing 

and implementation of ideas. Teamwork means clear and common targets, open 

communication, respectful interaction, constructive conflict resolution, fact-based 

decisions, and willingness to compromise. All persons have equal rights, clear 



38 
 

 

distribution of roles and tasks, and everyone takes responsibility. Also, regular 

meetings are mandatory, and celebration of achievements is highly recommended. 

 

Continuous improvement means that processes are constantly evaluated and 

improved on in their safety, quality, efficiency, and flexibility. Improvements aim 

eliminating waste like overproduction, inventory, transportation, motion, waiting, 

defects, over processing, and underutilization of people. The company highlights that 

there is no improvement too small as all the small improvements add up to make a 

significant impact. By right from me, company wants to communicate to every 

employee that everyone is responsible for their own work and that it is done right the 

first time. All has external customer, end customer, and also internal customers which 

are the employees in next section of internal supply chain. Every employee should 

deliver the customer, internal or external, their work in right quality, time, quantity, 

and cost. 

 

Flow means that there are no waiting or interruptions between and inside the 

functions. Continuous flow allows the company to send goods to market and 

customers continuously. Levelling means that the work in fixed time frame is levelled 

almost the same every day so there are no peaks and lows in the workload. 

Maximum and minimum workload is defined, and the workload is levelled into free 

slots. Standardization means creating standards to guide the creation of goods or 

services which allows consistent quality, equivalent to comparable products, 

interoperability, compatibility, ensuring safety, and detection of deviations. The last 

principle are leadership values which apply to all employees. The company 

encourages to raise new leaders and create a culture of continuous improvement. 

The company has established six leadership operations. First is “go, look, see, 

engage” which means that the work and operations should be observed and engage. 

The rest are “lead by coaching”, “follow up non-conformance”, “act on data”, 

“challenge target condition” and “do what you say”. 

Agile methodology is in use to manage and drive internal IT development of the 

company. Agile is not in use in IT Helpdesk operation nor corporation’s streamlined 

operation implementations. Agile is not officially included in the company’s strategy 

like Lean is. The core idea of company’s Agile approach is to keep the scope small, 

concentrate on customer’s needs and be ready to change plans by responding and 
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adapting. Key drivers for the transition are customer value and efficient delivery. Agile 

organization consists of teams and tribes. Scrum methodology is used, and work is 

organized in sprints and quarters. Agile and Scrum teams work together with users, 

process owners, key users, and management. The company provides information 

about Agile through e-learning training witch all employees can complete. Intranet 

page has information, but it is mainly for Agile team.  

 

5.2  Case introduction 

The case discussed in this study is about product belonging to case company’s hoist 

product range. The case product is produced in Finland, in one of the three main 

hoist factories. The factory manufactures five different frame sizes of hoists and case 

product is called hoisting machinery, which is the body of hoist for two largest frame 

sizes. The factory divides their products into configured (CTO) and non-configured 

(NON-CTO) products, of which the configured products are considered as the core 

products of the factory. Configured products are crane components and non-

configured products are hoist parts and raw assemblies. The product group studied, 

hoisting machineries, belongs to NON-CTO products, therefore it does not count as 

the factory's core products. Picture 3 shows how the corporation’s sites are roughly 

divided and where the product category under examination is located, routing is 

bolded. The Finnish factory’s sales of non-configured products in 2020 were over 10 

million (EUR) which covers one month's sales of CTO products.  
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Picture 3: Corporation’s sites and product category distribution 

Hoisting machineries are only sold to another main wire rope hoist factory in the 

USA, where the final product, hoist, is built. As the hoisting machinery is the body of 

final hoist, it is a critical part for the U.S. factory, therefore the Finnish factory is a 

critical supplier for USA. The third main factory in China manufactured the hoisting 

machineries for U.S. factory until 2018 and trade war between China and USA. 

Because of the trade war, hoisting machinery production among few other products 

was transferred to Finnish factory. The trade war is over, but it was decided to leave 

the production of hoisting machineries to the Finnish factory mainly because the 

delivery time is shorter, and the production of the hoisting machineries goes 

alongside other production without additional investments.  

Hoisting machineries are sold to U.S. factory with five different IDs, which differ 

slightly in size and bill of materials. IDs’ contents are predefined, so IDs are always 

fixed which means that sales order or bill of materials are not configured any further. 

Custom mechanical and electrical drawings or production engineering are also not 

required. It can be thought that the product ID behaves like a make to stock item, but 

it is always made to order only.  

At the start of the study, the weekly production capacity was set at five units per week 

with a lead time of 15-20 working days depending on the ID. The total number of 
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products ordered in 2020 was 44, of which only 29.55 percent were manufactured on 

time according to a predetermined schedule. The factory officially mainly reports only 

the production punctuality of the configured products, punctuality of hoisting 

machineries was not officially reported despite the fact that the product is critical to 

the U.S. factory. Finnish factory’s logistics department sends a weekly report to the 

U.S. factory of all products which are delayed from planned shipments via sea, 

including non-configured products. The U.S. factory reviews order schedules from the 

report and, if necessary, demands a change from sea transportation to air 

transportation, usually at the Finnish factory’s expense.  

The number of ordered products in 2020 was at very low level compared to capacity, 

averaging 1 product per week. There are many reasons for the low order volume, but 

the biggest is the global decline in the order backlog due to the COVID-19 pandemic. 

Below table 2 describes the monthly produced quantity and the punctuality of 

production. Quantities in red have been completed late compared to a predetermined 

schedule, and quantities in green have been completed on time. The table shows an 

uneven and low order backlog and a red color dominance, low production punctuality.  

Table 2: Punctuality of produced quantities per month 2020 

 

Hoisting machinery’s bill of material includes rope drum, which is produced for order 

locally at the factory, but raw materials needed for rope drum are purchased in bulk 

from the suppliers. Other parts needed for hoisting machinery production are mainly 
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line storage materials or make-to-stock (MTS) materials. Line storage materials are 

purchased in bulk and MTS materials are produced to stock in moderately large 

quantities. Material management, purchasers, or production have not identified any 

serious material deficiencies or challenges related to hoisting machinery 

manufacturing. Therefore, the research focuses on the internal supply chain, 

excluding material sourcing and supply management.  

 

Order to delivery process for the hoisting machinery is quite simple, it includes 8 

stages starting from the purchase order receival from the U.S factory and ending to 

packing and outbound logistics processes. Process map is presented in picture 4, 

and this study focuses on sales order confirmation, rope drum manufacturing, 

production order release, production and packing processes which are marked in 

green. MRP and planned order creation process is excluded from this study as it is 

automatically run in SAP. 

 

Picture 4: Process map 

 

The case factory’s enterprise resource planning system (ERP) is SAP and purchase 

order from U.S. factory comes in with SAP-SAP link from one system to an another, 

and sales order is generated into case factory’s SAP automatically. Order 

management in the case factory confirms the sales order according the requested 

delivery date, lead time, production capacity, and shipping schedule. After 

confirmation, the material resource planning (MRP) run creates the material 

requirements, planned order is created, and sales order is visible in the production 

planner’s work queue. Rope drum cell receives an indicator of material requirements 

for the order and rope drum is manufactured. Any processes by production 
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engineering is not needed. Material availability check can be run manually by 

production planner if material deficiencies are desired to be checked early. 

Production planner releases order to the production by creating production order in 

which case the system warns of possible material deficiencies at the latest. After 

production order creation, order is visible in production cell work queue and 

production can be started. During production the pre-specified operations in 

production order are confirmed when they are completed and the confirmation of the 

last operation checks the production order finished from production, in which case the 

product is ready for packaging. The finished product is transported from the 

production line to the packing area and will be packed. After packaging, logistics 

coordinator schedules the loading and the finished product is ready to start its 

journey to the customer. Sales order will be invoiced once it is loaded from the 

factory.  

 

5.3  Case study methodology 

 

The aim of this study was to find out the reasons for poor internal supply chain 

performance. Two research methods were used in this study, quantitative and 

qualitative. Quantitative research plays a key role and qualitative research is 

supporting. Quantitative research was used to measure possible cause-and-effect 

relationship of the timing of internal operations and the poor production punctuality. 

Qualitative research was used to find out the level of communication, transparency, 

and management between operations. Table 3 presents the objectives and data 

collection methods of both researches. 

 

Table 3: Summary of methodology 
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5.3.1 Qualitative research methodology 

 
Interviews for the qualitative research were conducted with eight interviewees who 

are part of the internal supply chain, the factory manager, three purchasers, 

production planner, production supervisor, packing specialist and logistics 

coordinator. Factory manager answers to the plant manager, production planner and 

supervisor answers to factory manager, purchasers to material manager, packing 

specialist to his operations manager (subcontracted) and logistics coordinator 

answers to logistics manager. All interviews were conducted by a researcher in this 

paper, either at a Teams meeting or face-to-face meeting during November 2020. 

The basic framework of the interview consisted of three themes, the job description 

and its understanding, processes, and management. The interview was not the same 

for any interviewee, as the interview wanted to be customized to fit each job 

description, however, using the same basic framework. The basic framework is 

described in table 4, showing the sub-themes under each main theme which were 

customized to suit each interviewee. 

 

Table 4: Interview framework 

 

 

The interview template was sent to the interviewees a week before the agreed 

interview time so that the interviewee had the opportunity to prepare. Interviews 

consisted of 15-20 questions which were all open questions. The interview situations 

were not intended to be strict but rather a freer discussion guided by pre-defined 

questions. The aim was to build an open environment so that the interviewee would 

feel able to answer openly and also ask counter-questions. The interviews were not 
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recorded but the researcher wrote accurate notes using the interviewees’ own words. 

After the interviews, the researcher wrote the notes clean and coded the interviews 

into concepts and themes.  

 

When evaluating the validity of the research, one had to consider what wanted to be 

achieved and whether the interview questions were relevant to the research. The aim 

of this research was to find out the situation about working methods, processes, and 

management activities. The interview questions were set in order to achieve that goal 

and to build a comprehensive description of the current state of internal operations, 

also from a timing perspective, considering the people who perform those functions. 

Only numbers in quantitative data do not consider people and their experience of 

processes. It can be said that the interview questions achieved the desired goal, the 

current state of the operations were clarified, therefore the research would be valid. 

Qualitative research methods have also received criticism related the fact that human 

and humanity are starring the study. Interview challenges well-recognized in the 

literature relate to the problems with use of self-reported data where can occur for 

example lying, deception, self-presentation, and flawed memory. Another problem 

might be accomplishing mutual understanding between interviewers and interviewees 

because of language problems, flawed questioning, and failures in comprehension. 

Representing the other is also considered a problem that could be caused by 

inaccurate interpretation and representation of participants and their perspectives. 

(Roulston 2019, 8-10.) Examining the reliability of this research based on interviews, 

must be considered that it is based only on people and their thoughts and 

experiences. However, it must be remembered that people do the work, in which 

case their experiences and opinions matter. 

 

5.3.2 Quantitative research methodology 

 
The primary data to be examined in quantitative research were collected during 

December 2020 and January 2021 into Excel from company’s ERP system, SAP, 

about orders scheduled for delivery in 2020. The data consisted of 44 pieces of the 

product in question. The first version of the data included the order number, material 

ID, order quantity, confirmed delivery date, production completion date, packing date, 

and loading date. This version was supplemented by retrieving additional information, 
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which included the sales price, pre-determined lead time, purchase order arrival date, 

sales order confirmation date, rope drum release and manufacturing date, and 

production order release and manufacturing date. Once the dates of the operations 

had been collected, the times of the operations were calculated in Excel using 

function “NETWORKDAYS”, which considers weekends and public holidays. Then 

binary coding of the data was performed to describe the success of the timing of 

operations, for which information had to be collected about the pre-defined time 

limits, but also time limits had to be developed so that binary coding could be 

performed comprehensively. 

 

The time limits used in this research are summarized in the table 5 below. Pre-

defined time limits were for lead time, order handling processing, completion time 

versus confirmed delivery date, packing process and loading process. Phrase 

“logistics days” used in the summary consist packing process day and two loading 

process days. 4 -time limits were developed and therefore determined for the study 

using information gathered from the interviews and mean values from the descriptive 

statistics (chapter 7.3). Determined time limits were for production time and timing of 

rope drum, and production time and release timing of hoisting machinery. 

 

Table 5: Pre-defined time limits and time limits developed for the research 

 

 

Binary coding was conducted for selected operations for which a cause-and-effect 

relationship with punctuality was sought to be investigated. Coding was done in Excel 

by using “IF” function where time limits were used, resulting in a number 0 (delay) or 

a number 1 (on time). After coding, the primary data was complete, and the research 

was continued by describing the descriptive statistics by using Stata, but the tables 

were created in Excel for visual reasons. Once descriptive statistics were collected 
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and described, a more detailed analysis could be performed to discover possible 

cause-and-effect relationships. Distribution, correlation, and independence analyses 

were performed by using Stata, but the tables were created again in Excel for visual 

reasons. 

 

In assessing the reliability, careful consideration had to be given to what should be 

done for a few outliers which appeared in actual confirmed lead time and timing of 

rope drum production. It is clear that keeping outliers in data increases variability and 

can reduce statistical significance. The data for the outliers were rechecked for 

possible human error in data collection, but the data matched. When assessing the 

subject area and what had already emerged from the interviews, it could be 

concluded that the operations and their timing vary, therefore it was decided that the 

outliers were kept in the data. By removing outliers, would have the subject area 

been forced to appear less variable that it is in reality. When assessing reliability 

even more, it must be considered that although data was carefully collected from the 

ERP system, people originally entered the data into the system. It is possible that 

reporting methods vary between people, especially if proper standardization of work 

tasks has not been performed. 

 

The evaluation of the validity of the study was already considered when setting the 

research question, exactly what information would be needed to collect, measure, 

and evaluate in order to study the timing of internal operations correctly and reliably. 

When it was desired to measure the passage of time and timing, the variables had to 

be based on time. It could be said that the data is valid because it is solely based on 

the dates entered in the ERP system which were processed carefully and critically 

further. Used methods and techniques were targeted to measure exactly what was 

wanted to study, time. 

 

 
6 QUALITATIVE RESEARCH 
 

This study sought to use two different qualitative research methods, interviews, and 

observation, to support quantitative research. The interviews and their analysis were 

carried out according to the existing theory, but the observation is only a supporting 
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part that was not intentionally covered as extensively as the interview part. 

Observation was performed as unstructured and at some level on a daily basis during 

the research work at each stage of the internal supply chain. The observation also 

included a lot of open discussions with employees and managers. The observation 

included monitoring of various functions and processes: purchasing, order handling, 

customer’s purchasing process, different stages and working methods of production, 

content of daily production management, order management, logistics and packing 

meetings, packing operations, logistics functions and working methods of different 

managers. 

 

This chapter focuses entirely on interview research, starting with hypothesis part 

including research questions and continuing to analysis, results, and discussion. In 

chapter 8, all the research results are linked together, whereby the findings of the 

observation are also discussed. 

 
6.1  Hypotheses 

 
A research by Worley and Doolen (2006) studied the role of communication and 

management support in a Lean manufacturing implementation and discovered that 

most of the poor communication found, was related to communication between 

departments or communication required for in-house material flow. Worley and 

Doolen (2006) also stated that companies must focus on internal communication in 

the implementation of Lean, and also in general, as it directly affects the internal 

material flow and is therefore vital for the continuity of the company. (Worley & 

Doolen 2006) The aim of this paper is to identify the internal issues in the supply 

chain of the product under investigation, which may cause the low internal supply 

chain performance. Another aim of this qualitative study is to find out the 

transparency and communication between the functions by interviewing key people in 

the internal supply chain. 

 

This specific group being studied, gathered up of key people in internal supply chain, 

might not know from where low performance is resulted. Therefore, the study seeks 

to answer the questions: What kind of communication there is between functions? At 

what level is the transparency of operations? What kind of attitudes can be seen 
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related to the product under investigation? These questions were not asked directly 

either, but the interview sought to ask questions about operations, management, 

knowledge, and communication, and therefore reveal the state of the current 

process. Based on these questions, two hypotheses were created: 

 

• H1: Communication and transparency has an impact on internal supply chain 

performance 

• H2: Management has an impact on the level of communication 

 

H1 argues that communication and transparency affect the internal supply chain 

performance. In practice, this means that a possible lack of information, teamwork 

and transparency is believed to have negative impact on all internal supply chain 

operations, and vice versa, which affects punctuality. H2 argues that management 

has an effect on the level of communication. In practice, this means that in a Lean 

implementation, for example, there may be a lack of focus on importance of 

communication, in which case it is deficient, or vice versa. 

 

6.2   Analysis 

 
First step of analysis was to code the interviews using emergent codes and thematic 

analysis in order to assemble concepts. Concepts followed the interview framework 

including themes from job description, process, and management. At this point, 

comments on the same subject were brought together. Second step was to colour 

code each interview into three themes which were positive issues (green), 

developable issues (yellow) and alarming ones which would require development first 

(red). 

 

6.2.1 Job description 

 
After coding the interviews, could be stated that each interviewee identified what 

should be done in their own job description and expectations were clear. Purchasers 

answered that job description in general consists of material purchasing, keep track 

of shortages and cooperation with internal stakeholders. The most important tasks in 

opinion of the purchasers is to get the goods to the factory at the right time and with 
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good quality. Production planner's job description in general according to the 

interview is to plan and schedule the production and the most important task is to get 

the goods ready on time. Production planner uses around 10 minutes per week to 

plan and schedule hoisting machineries production. Production supervisor's job 

description in general according to the interview is daily operative management of the 

hoist production and the most important task is to know the people and being able to 

work together well. Packing specialist answered that his job description in general is 

the packing and ordering packaging material. The most important task he felt was 

packing on time and making sure that the right amount of packaging material was 

available at the right time. Logistics coordinator answered that his job description in 

general includes calculating the need for transport space, planning transportations 

cost-effectively considering the customer's wishes, taking care of the delivery 

meeting (collect the production estimates for next weeks’ orders) and making and 

sending delivery information (transportation estimates for customers) and yard 

inventory. He felt that making and sending delivery information is the most important 

task. Factory manager's job description in general according the interview is to be 

responsible for factory operation and performance and the most important task is 

delivering a product that meets the customer's requirements to the customer in a 

timely and financially profitable manner. 

 

In terms of timing and hurry, the answers were interestingly distributed, as there is no 

general sense of urgency for this product in terms of production processes, while in 

the packaging and logistics processes, the answers show that the product is 

constantly late and work has to be done in a hurry. 

 

6.2.2 Processes 

 

In terms of lead time, everyone knew how long it would take for their own process to 

be completed, but no one knew the product's predetermined lead time. The factory 

manager asked what the lead time was, the interviewer responded, mainly 15 

working days and the factory manager's reaction to this was, "it sounds a little too 

long, where is that time really spent?". 

 

In terms of strengths, almost all felt that professional skills were a strength, while a 
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factory manager felt that production engineering and a holistic understanding of 

processes were weaknesses in production processes which cause interruptions and 

additional work in production. Other strengths were perceived to be the ability of the 

packaging and logistics to adapt to the constantly changing situation, high pressure 

tolerance and the ability to act quickly. It was also felt that the product in question is 

easy, and almost completely following the same process than the "main" product but 

has even less steps to process. Other weaknesses mentioned were the challenge 

posed by the absence of employees, the urgency of key personnel, the lack of 

management's vision and control of the entire supply chain, and too many problems 

"spilling" into logistics, which means that logistical tasks cannot be completed on 

time. 

 

The interviews revealed that the production operations do not follow the punctuality 

or anomalies of the product under investigation in any way. For example, the 

production supervisor felt that most of these products are always completed on time 

and commented: “I think we produce these products on time but actually I do not 

know when the product really should be ready. I did not know that the punctuality is 

so bad. Why we basically produce these products one week later than it should?”. 

The accuracy of the factory’s CTO order backlog is reported, but according to the 

logistics’ coordinator: “This measurement is already fundamentally wrong because 

the product is reported punctual if it is completed on the same day as the confirmed 

delivery date. However, according to the timing of the SAP ERP, the product should 

be ready three business days before the confirmed delivery date, in which case the 

agreed three logistics days are in use and the product would actually be loaded on 

the confirmed delivery date”. 

 

The interviewees felt that, on a general level, the tools and resources were adequate. 

However, almost everyone felt that SAP skills are not at a sufficient level for all 

employees, which creates problems in situations such as key personnel absence. 

Packing specialist and logistics coordinator also stated that “too often SAP data 

cannot be trusted, for example, a product is checked ready from production to SAP, 

but in reality, it is not”. It is felt that this constantly causes confusion, interruptions, 

and extra clarification is required. The processes and rules related to SAP may not 

be clear to everyone. In addition to SAP, the company uses, for example, Qlikview, 
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which is perceived to be a bit slow and rigid, Power BI, which is perceived to have a 

lot of unused potential, and Excel. Excel is perceived as a bit primitive, requiring 

manual work, but still needs to be used on a daily basis to get the job done. 

 

Each interviewee experiences different problems on a daily basis in their work and 

they are sought to be solved quickly, also through cooperation. The problems 

experienced by purchasers are related to consumption fluctuations, availability and 

quality challenges, and supplier delays. None of the above problems occur much in 

the product under investigation. The production planner's regular problem is an 

uneven order load. Weekly production capacity is set, but not daily capacity, leading 

to excessive daily production volumes. These, production planner tries to track as 

early as possible so that production volumes could be levelled. Production 

supervisor’s regular problem is components quality issues and product design errors, 

which, on the other hand, are hardly present in the product under investigation. 

Packing specialist face few problems regarding the product under investigation which 

are incorrect status checking in SAP, the position of the rope and the larger product 

size do not fit in its standard crate. Packing specialist has learned to overcome the 

incorrect status check in SAP independently, but in harder cases logistics coordinator 

is asked to help. The two latter issues are resolved at that moment but takes 

additional time. Logistics coordinator faces also the problem about incorrect status 

checking in SAP and also getting the products to the packing area takes too much 

time, which challenges the loading schedule as logistics coordinator stated: “the 

products seem to disappear into the black hole on the way from production to the 

packing area”.  

 

Employees work with the closest stakeholders, but it is felt that some relevant 

information does not pass through the entire internal supply chain where 

management is perceived to have an impact. Problems are raised to own 

supervisors, but rumours sometimes provide more information about what your 

supervisor is sharing. 

 

Lean methods have already been implemented in the company, especially in 

production processes. The interview sought to find out how they are seen by 

employees and how they perceive them. When the factory manager was asked how 
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Lean operations have been implemented in the manufacturing process of the product 

under investigation, the factory manager replied: “Basically Lean methods are 

implemented because they are manufactured on the same line (than “main” CTO 

product), but on the other hand this is a secondary product for us so we probably 

don't apply strategies on the same scale, for example no monitoring is done at all”. 

Production planner and supervisor were at some level familiar with the topic of Lean 

but felt that the strategy as it is now being carried forward is not suitable for the 

factory product mix. Especially the production planner felt that: “Lean projects 

focuses on reducing a few minutes away from production processes, but nothing 

seems to be done for bigger, real problems and root causes”. Production supervisor 

felt that: “quick patch repairs are now being done, but more quality and permanent 

repairs to the processes should be made”. Purchasers did not quite know if some 

strategy is applied in the procurement and purchasing processes than JIT and the 

lowest cost. Purchasers said that: “JIT just won’t work in this production environment 

but still it should be done without proper supplier cooperation. Going for the lowest 

price has caused reliability and quality problems, but the procurement team sets the 

framework and we act accordingly, even though we see that those frames do not 

always work”. Packing specialist and logistics coordinator did not recognize any 

specific strategy for actions than work as fast as possible in order to make the 

package and shipment on time. 

 

6.2.3 Management 

 

Almost every interviewee felt that they received management support when needed, 

only the packing specialist felt that packing assistance was not always available 

when requested. In terms of feedback, responses varied slightly. Purchasers felt that 

good feedback can be read between the lines even though the current manager is 

perceived to be better than the previous ones. Everyone said the feedback is mostly 

negative and the silence is kind of perceived as good feedback. The production 

planner and supervisor felt that they receive good feedback also nowadays. The 

factory manager said that he provides support as follows: "I ask how it is going and 

can I help. I share information, escalate, and take things forward, I set clear and 

realistic goals that develop activities”. Each interviewee felt that development 
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suggestions were easy to present and felt that potential suggestions are taken 

forward by management. The factory manager was asked how he challenges his 

employees and the answer was: “I ask why and why not and try to give ideas and 

challenge the old ways by suggesting different approaches and ways of working”.  

 

When questions were asked related to the priority of the product under investigation, 

hoisting machinery, purchasers, production supervisor, packing specialist and 

logistics coordinator said that each part is equally important, while the production 

planner and factory manager did not find the product very important. Factory 

manager said that NON-CTO products are not included into the company’s strategy 

and those products are secondary for the company, but the processes regarding the 

hoisting machinery should still be improved: “products are so easy to manufacture 

and with little effort, the workload for other could be reduced or at least make the 

work easier”.  

 

The company’s values, strategic initiatives including Lean methods were not so clear 

for any interviewees. Factory manager was asked how he trained his employees for 

company’s values and Lean practises and he answered: “I could do more. I haven’t 

received any Lean training for example at all, so it is a bit hard to train others for 

something that I haven’t received training for. I would appreciate continuous 

"coaching" about Lean and company values to keep the information up to date and it 

would also be motivating”. The company’s customized Lean practises are said to 

focus on full end-to-end operations, but factory manager was not aware of this at all. 

 

6.3  Results and discussion 

 
Positive issues in general were that interviewees felt they know what they should do 

at work and how to react to problems. It is known that problems are easy to bring to 

the attention of management. It also seems that in an ideal situation, the current 

processes are quite adequate. Developable issues in general were that it was felt 

that Lean, including JIT, do not work in the production environment in question. 

Developable issues also are the timing of the work and the time or inadequacy of the 

time spent on it, the use of the systems and receival of good feedback. 

The interview answers included colour red the most, alarming issues. In situations 
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where a key person is absent and needs to be replaced, lack of skills for example in 

SAP causes problems and it is felt that training is deficient. It is felt by the employees 

that management does not understand the supply chain as a whole, but it is also felt 

by the management that employees do not have the necessary knowledge of supply 

chain processes. It was also alarming that no one could say what the pre-determined 

lead time was and there was no knowledge about the actual punctuality, probably 

because NON-CTO products, including hoisting machineries, are not really included 

into the company’s strategy, are considered to be secondary for the company, and 

punctuality is not monitored. Packing and logistics personnel are aware of the bad 

punctuality in some level because delayed production completion causes extra fuss 

for packing and logistics tasks. Issues of concern also included the incorrect status 

checking in SAP, under-utilization of SAP and other tools like Power BI, and therefore 

the high use of Excel. Attitudes towards Lean were not very positive, except factory 

manager’s but he also stated that he has not received any Lean training, so training 

others would be very hard thing to do. The factory’s customized Lean practises and 

its purpose seemed not be clear either, even for the factory manager. 

 

It is very interesting that each interviewee feels they know what to do in their own 

position and how to react to problem situations. Still, something is wrong, as the poor 

punctuality that emerged from the quantitative study indicates that something in the 

process does not work. One of the aims of this qualitative research was to find out 

what kind of attitudes can be seen related to the product under investigation. The 

interviews revealed that NON-CTO products, including hoisting machineries, are 

seen as secondary for the company and those are not actually included in the 

company strategy, however the company’s customized Lean practises are said to 

focus on full end-to-end operations. It may be possible that attitudes towards NON-

CTO products, including hoisting machineries are coming from the top management. 

If it is communicated from above that the products in question are secondary, then 

employees will feel the same way. Requirements do not apply to these products at all 

and input is given to those products with requirements and expectations. 

Management does not even have to communicate with actual words the secondary of 

the product. The fact that products are not genuinely included in the strategy and the 

complete lack of punctuality monitoring signals to employees that those products are 

not important. 
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It was also listed as a positive thing that management support is easily obtained 

when needed and development proposals are easy to propose to the management. 

However, it was felt that employees’ own supervisors do not share enough 

information and purchasers, for example, felt that the frameworks by the procurement 

team and JIT are not working and that there was not enough supplier cooperation. 

Production planner encounters problems with uneven daily load because only weekly 

capacity is set, which in turn leads to uneven load within a week. Production planner 

also believes that Lean developments focus on the wrong things and the production 

supervisor felt that there are no permanent solutions to be made, but quick fixes that 

do not last long. The packing specialist and logistics coordinator encounter problems 

on a daily basis related to production delays and incorrect status checking in SAP. 

Also, the packing specialist did not feel that he receive assistance with packing very 

often upon request. The logistics coordinator also felt that the goods disappear into a 

"black hole" between production and the packing area too often which poses difficult 

challenges to maintaining a loading schedule. 

 

The problems and challenges mentioned are both strategic and operational, recurring 

on a daily basis. Therefore, it seems a bit contradictory that the interviewees felt that 

support is available and that development proposals are easy to present, but still the 

key people in the internal supply chain face challenges on a daily basis due to 

strategy and operational problems. This contradiction raised a few thought-provoking 

questions such as: Is it actually easy to ask for support from management and are 

the issues understood? Is the management present enough? Is help being asked 

from the management at the first place? If the help and support are asked, will 

management provide it?  

 

The two remaining aims of this qualitative research was to find out what kind of 

communication there is between functions and at what level is the transparency of 

operations. Interviewees said that cooperation is being established with the closest 

stakeholders, especially to solve problem situations. However, mentioned problems 

revealed that there was still room for improvement in cooperation and transparency. 

For example, the production supervisor did not know when the product should be 

completed according to the correct timing - the production planner does the 

scheduling and is practically responsible for starting the production of the product on 
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time. Here the production planner and supervisor could work better together and 

increase transparency.  

 

Packing specialist’s and logistics coordinator’s work gets interrupted because of 

incorrect status checking in SAP which is done in production. Both feels that 

production delays cause extra fuss and production does not even realize how bad the 

punctuality really is. Also hoisting machineries after production completion does not 

make it into packing area on time causing troubles and hurry for both. Packing 

specialist and logistics coordinator works well together but are the operations 

transparent and cooperation with production working if these mentioned problems 

lead to production? 

 

The first hypothesis, H1, stated that communication and transparency have an impact 

on internal supply chain performance. Seamlessly, this conclusion cannot be 

scientifically drawn, as the hypothesis could not be tested in this study. However, it 

could be stated that if the current state of communication and transparency between 

operations is not developed, performance will probably not improve. Poor punctuality 

was not even known, so it is good to start with recognizing this problem and 

highlighting the challenges between operations and troubles caused to the customer 

because of delays. The second hypothesis, H2, stated that management has an 

impact on the level of communication, nor can this conclusion be drawn in full. It is 

clear that communication between operations is not adequate but what impact the 

management has on it, is not clear. 

 

 

7 QUANTITATIVE RESEARCH 
 

Already a 1998 article by Sarmento Costa and Jardim (1998) recognized the main 

shop-floor issues affecting negatively to production punctuality to be related to timing 

and scheduling of production. The main goal of manufacturing strategy is to make the 

delivery on time and production punctuality requires a continuous ability to schedule 

disparate order quantities to reach the required shipment schedule. This requires 

continuous proactive monitoring of the production situation and the ability to 

reschedule work when necessary (Sarmento Costa & Jardim 1998). Increasing the 
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throughput punctuality of production lines can reduce operational costs and penalties 

that result from delays or lost sales. Accurately predicted lead time can contribute to 

customer satisfaction by improving timely deliveries. (Mansouri, Golmohammadi & 

Miller 2019) 

 

Estimating and setting lead times is challenging, with a number of factors including 

uncertainty about processing times, complex operating flows, machine failures, and 

production resource capacity constraints. The lead time of the product under 

examination is pre-determined and fixed, so the purpose of this quantitative research 

is to examine the timing of the internal supply chain and finally to describe the 

internal supply chain using a value stream map which is presented in chapter 8. The 

goal is to find points where timing fails, leading to low punctuality. The aim of the 

study is not to shorten the lead time, but to find the keys that will help to reach the 

pre-determined, fixed lead time again. 

 

7.1  Hypotheses 

 
For MTO products, punctuality of production is more important than, for example, 

stored products. MTO products are only made to order and should be delivered 

according to the agreed delivery time, in which case it is common for there to be little 

or no buffers. The delivery of the product is thus more susceptible to delays if there 

are any delays in production or elsewhere in the supply chain (Chen, Huang, Luo & 

Wang 2015). Once previously presented theory supports the idea that the punctuality 

of MTO products is time-sensitive to variables, that almost invariably directly affect 

delivery punctuality, this study examines the timing of internal operations. 

 

Below are three hypotheses about cause-and-effect relationships that were 

investigated in this study: 

 

• H1 The time of release of hoisting machinery production is negatively related 

to production punctuality 

• H2 The confirmed lead time is not related to production punctuality 

• H3 The time of completion of rope drum production is positively related to the 

time of release of hoisting machinery production 
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H1 claims that the timing of the release of the hoisting machinery production has a 

negative effect on the punctuality of production. In practice, this means that the later 

the release is made, it would have a negative effect on the punctuality of production, 

namely the product would be completed late. H2, on the other hand, argues that the 

lead time set in the order processing (sales order confirmation date - confirmed 

delivery date) would not affect the punctuality of production. This means that even if 

the order handling confirms a slightly shorter or longer lead time than pre-agreed, the 

punctuality of production would not be affected. And last, H3 claims that the time of 

completion of the rope drum has a positive effect on the time of release of the 

hoisting machinery. In practice, this means that the earlier the rope drum is 

completed, the sooner the product is released into production. 

 

7.2  Descriptive statistics 

 
Descriptive statistics is a summary statistic that quantitatively describes or 

summarizes features from a collection of information, while descriptive statistics is 

the process of using and analysing those statistics. Not all of the statistics described 

in this chapter were ultimately used in the quantitative analysis itself but were needed 

for the creation of value stream map. All hoisting machinery products delivered in 

2020 had been collected in the research data. Hoisting machinery has six different 

IDs that differ slightly in technical features and size. The material IDs are named in 

the study alphabetically. The table 6 below describes the distribution of products 

delivered in 2020 between material IDs. Materials A, B and C covers the majority of 

delivered materials, total of 86,37 percent. 

 

Table 6: Delivered materials 
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Each material has agreed lead time of either 15 business days or 20 business days. 

The table 7 below describes the lead times for the materials delivered in 2020. 

Almost all, 43 delivered hoisting machineries had lead time of 15 business days. 

 

Table 7: Agreed lead times of delivered hoisting machineries 

 

 

Timing statistics were studied in two ways, by measuring the total time in certain 

activities and by binary coding the total time given as either "1 = on time" or "0 = 

delay" by setting certain standards. Some of the standards are in the factory's work 

instructions, some were developed for this study. The total time was measured in 6 

different functions which are presented first: 

 

1. the date of receipt of purchase order versus confirmed delivery date 

2. production time of rope drum in days 

3. completion date of rope drum production versus planned production start 

date of hoisting machinery 

4. completion date of hoisting machinery production versus confirmed 

delivery date 

5. packing time in days 

6. completion date of packing versus loading date 

 

The summaries of these total time statistics of 6 functions includes number of 

observations, mean value, standard deviation, minimum value, and maximum value. 

Summaries were performed in Stata with summary statistics function. A low standard 

deviation indicates that the values tend to be close to the mean of the set, while a 

high standard deviation indicates that the values are spread out over a wider range. 

The values describe days when, in more detailed descriptions of the results, the 

value is always rounded up to the next integer. For example, the result is 19.65909 

which is rounded up to 20 days. 
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Table 8: Summary of time statistics 

 

 

Table 8 describes the summary of time statistics. “OM Lead time” describes date of 

receipt of purchase order versus confirmed delivery date. This statistic provides 

information about how early purchases orders are received and what kind of total 

lead time is confirmed. The shortest lead time is 11 days and longest 30 days which 

mean is 20 days. Standard deviation is within 4 which means wider spread in range. 

Based on this result, some purchase orders have arrived with a delivery request that 

is too short, and orders have also been confirmed below the agreed lead time, which 

is mainly 15 days. 

 

“Rope drum prod. time” describes production time of rope drum in days which mean 

is 3 days. This statistic tells how long rope drum production takes. Shortest 

production time is 1 day and longest is 6 days. Standard deviation is within 2 which 

indicates a moderate spread in range. “Rope drum before release” describes 

completion date of rope drum production versus planned production start date of 

hoisting machinery. Statistic tell how many days earlier the rope drum is ready before 

the hoisting machinery production should start according to the agreed lead time. The 

mean is 8 days while the rope drum has at most been completed 17 days before the 

planned production starting date and, at worst, rope drum production has completely 

eaten the time of hoisting machinery production, which is 2 days. The standard 

deviation is within 6 which is quite widespread in range. 

 

“Production vs. FD” describes completion date of hoisting machinery production 

versus confirmed delivery date. This gives information about the hoisting machinery 

production punctuality as production should be finished at least 3 days before 

confirmed delivery date. The mean is 1 day before confirmed delivery date. Hoisting 

machinery has been finished earliest 6 days before confirmed delivery date and the 

latest 7 days after. The standard deviation is within 3 which is moderate spread in 
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range. 

 

“Packing time” gives information on how long the packing process takes in days. The 

mean is 2 days which is a day more than agreed. There are cases where the product 

is packed on the same day as the product is finished from production, and at its 

longest the packing process has taken 4 days. Standard deviation is within 1 which 

means that values tend to be close to the mean. “HU vs. loading” describes 

completion date of packing versus loading date. This statistic tells how long the 

finished package has been waiting to be loaded. The mean is 2 days while the 

shortest, loading has taken place on the same day as the packing is finished and the 

longest, package has been waiting for loading for 5 days. The standard deviation is 

within 2 which means low spread in range. 

 

Next, the statistics that are binary coded are described. The presented frequencies 

were performed in Stata with On-Way table function. These statistics presented in 

table 9, are intended to describe whether selected 7 operations were performed on 

time or not: 

 

1. was order handling process completed in 2 days 

2. was agreed lead times respected in order handling process when setting 

delivery date 

3. was rope drum finished at least 6 days before confirmed delivery date 

4. was hoisting machinery released to production at least 5 days before 

confirmed delivery date 

5. was hoisting machinery production finished in 2 days 

6. was packing process finished latest on the next day from production 

completion 

7. was production finished at least 3 days before confirmed delivery date 
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Table 9: Operation punctuality 

 

“Order handling 2” illustrates that order handling process was completed within an 

already agreed standard time (2 days) in every sales order. “Lead time respected” 

shows that in a bit under 5 percent of orders agreed lead times were not respected 

when confirming delivery date in sales order which means that confirmed lead time in 

sales order was too short. However, majority or sales orders were confirmed with 

agreed lead times. 

 

Timing of rope drum production is presented in “Rope drum -6”. Standard of 6 days 

before confirmed delivery date was created for this study and the calculation formula 

is presented in the previous methodology section 7.2. Only one case did not reach 

this standard. “Release -5” presents the timing of hoisting machinery production 

release. Standard of 5 days before confirmed delivery date was created for this study 

and the calculation formula is presented in the previous methodology section 7.2. 

Majority, 75 percent of sales orders were released late. “Production time 2” shows 

how many cases were completed from production in 2 days. Standard of 2 days of 

production time was created for this study and was based on the interviews. In only 

one case the production took over 2 days. “Packing” presents if product was packed 

latest on the next day from completion date of production. Standard of 1 day was 

already agreed. 40.91 percent was packed late on 59.09 percent on time. “Production 

vs. FD” describes the punctuality of production, whether the product was ready 

according to the already agreed schedule at least three days before the confirmed 

delivery date. This statistic was the most significant factor in initiating this study as 

only 29.55 percent of sales orders were finished from production on time. 
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7.3  Analysis  

 

Three different hypotheses were created for this quantitative study and four variables 

from descriptive statistics were needed for the analyses section. Used variables are 

called: “lead time respected”, “rope drum -6”, “release -5” and “production vs. FD”. 

For the correlation analysis, distribution analysis was performed using Stata and its 

function Shapiro-Wilk normality test. Null hypothesis is accepted when the P value > 

0.05, when the variable is normally distributed. If P value is < 0.05, null hypothesis is 

rejected, and the variable is not normally distributed. Table 10 presents the results of 

Shapiro-Wilk normality test. Null hypothesis is rejected for variables: lead time 

respected, rope drum -6 and release -5, which means that these variables are not 

normally distributed. Null hypothesis is accepted for variable production vs. FD and 

therefore the variable is normally distributed. 

 

Table 10: Shapiro-Wilk normality analysis 

 

 

Correlation analysis was performed using the Stata’s Spearman’s test as the 

variables were tested to be mainly not normally distributed. Table 11 presents the 

results and mark “*” indicates to statistically significant result. Result is considered to 

be statistically significant when P value is < 0.05, null hypothesis is rejected, and 

variables are correlated. Coefficient value presents the strength of correlation, it can 

be also negative. Positive coefficient means that once x variable increases, so does y 

variable increase. Negative coefficient means that once x variable decreases, y 

variable increases and vice versa. Coefficient value can be anything between -1 and 

1. Value 1, negative or positive indicates very strong correlation between variables 

and value 0 indicates that there is no correlation between variables. As the studied 

variables are binary, categorical, Fisher’s exact test in Stata were performed to 

support the correlation analysis. Fisher’s exact test is used to determine if there are 

non-random associations between two categorical variables. When the result, P 
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value, is < 0.05, null hypothesis is rejected, which means that the variables are 

dependent and there is a relationship. Knowing the value of one variable helps to 

predict the value of the other variable. When null hypothesis is accepted, the 

variables are independent and there is no relationship. Knowing the value of one 

variable does not help to predict the value of the other variable. 

 

Table 11: Spearman’s correlation analysis 

 

First correlation to be studied is between the time of release of hoisting machinery 

production (Release -5) and production punctuality (Production vs. FD). The result is 

statistically significant, null hypothesis is rejected, and coefficient value 0.6615 

indicates to strong positive correlation between variables. This means that once 

punctuality of product release to production increases, so does increase the 

production punctuality. The result of Fisher’s exact test is 0.000 which means that 

null hypothesis is rejected, and the variables are dependent, there is a relationship 

between variables. 

 

The second correlation to be studied is between the respect of pre-defined lead time 

in order confirmation (Lead time respected) and production punctuality (Production 

vs. FD). The result is statistically significant, null hypothesis is rejected, and 

coefficient value -0.3370 indicated to weak negative correlation between variables. 

This means that once the respect of pre-determined lead time in order confirmation 

decreases, the production punctuality slightly increases and vice versa. The result of 

Fisher’s exact test is 0.082 which means that null hypothesis is accepted, and the 

variables are independent, there is no relationship between the variables.  
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The third correlation to be studied is between the timing of rope drum production 

completion (Rope drum -6) and the time of release of hoisting machinery production 

(Release -5). The result is not statistically significant, null hypothesis is accepted as 

the P value is > 0.05 (0.5698) and therefore the variables are not correlated. The 

result of Fisher’s exact test is 1.000 which means that null hypothesis is also 

accepted, and the variables are independent, there is no relationship between the 

variables. 

 

7.4  Results and discussion 

 

The research data has 44 observations which is quite small as the ordered amount in 

year 2020 was over five times smaller than total production capacity of hoisting 

machineries, but ordered quantity is dependent on U.S and global market situation. 

Interesting detail from descriptive statistics is the standard deviation of rope drum 

completion compared to production release. The rope drum has at most been 

completed 17 days before the planned production starting date and, at worst, rope 

drum production has completely eaten the time of hoisting machinery production. 

Binary coding revealed that almost 98 percent of rope drums were produced on time, 

consequently outlier is the cause of widespread standard deviation. As mentioned in 

chapter 9.2, it was a conscious choice to include outliers in data although outliers 

increase variability and can reduce statistical significance. By removing outliers, 

would have the subject area been forced to appear less variable that it is in reality. 

 

The positive conclusions from the results of the binary coding were very punctual if 

not even completely punctual, 90-100 percent, in order handling, respect for a pre-

determined lead time, rope drum production and production time of hoisting 

machinery. Punctuality under 50 percent got timing of hoisting machinery production 

release and hoisting machinery production punctuality. Packing process punctuality 

was slightly less than 60 percent. The punctuality of loading was not perceived to be 

measurable as it is completely dependent on the range of cargo closing and 

availability of containers and spaces in vessels. 

 

H1 claimed that the timing of the release of the hoisting machinery production has a 

negative effect on the punctuality of production which can be confirmed. Both 
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analyses, correlation, and Fisher’s exact test, confirmed a strong positive correlation 

and relationship between variables. Once punctuality of release increases, so does 

the production punctuality but also vice versa, once the punctuality of release 

decreases, so does the production punctuality decrease.  

 

H2 claimed that the lead time set in the order processing would not affect the 

punctuality of production which also can be confirmed. Correlation analysis resulted a 

weak negative correlation between variables, which was interesting result although 

there is very little significance. The meaning is that once the respect of pre-

determined lead time in order confirmation decreases, the production punctuality 

slightly increases and vice versa. It could therefore be carefully concluded that, even 

if the order handling confirms more or less than a pre-determined lead time, it is 

irrelevant or contrary to expectations. However, it must be remembered that the 

result was not significant, and Fisher’s exact test confirmed that these two variables 

are independent and has no relationship. 

 

H3 claimed that the time of completion of the rope drum has a positive effect on the 

time of release of the hoisting machinery. This hypothesis is rejected based on the 

analyses results. There is no correlation and Fisher’s exact test confirmed that these 

variables are independent and have no relationship between them. 

 

 

8 FINDINGS AND DEVELOPMENT PROPOSALS 
 

In this study both research methods were used, quantitative and qualitative research 

methods. Quantitative research plays a key role because the research is based on 

data and has less room for interpretation, and the research problem is related to 

performance, which is numerically measurable. The purpose of qualitative research is 

to be supportive, but possibly also to raise confrontation and critical perspective. The 

main part of the qualitative research is an interview study, but an observational study 

was also conducted. This section combines and presents the findings of both 

researches and also presents the issues raised in the observation.  

 

Understanding and visualizing supply chain is a crucial practice for all managers 
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seeking to deliver quality products on time, for which reason value stream map 

(VSM) was chosen to demonstrate the internal process. Table 12 presents symbols 

used in value stream maps in this chapter.  

 

Table 12: Value stream map symbols 

 

 
8.1  Value stream map and development proposals 

 

Based on interviews and observations, the availability of materials or quality 

problems do not actually challenge the production process at a regular level, the 

VSM presented in figure 1 focuses on the timing of the four processes, order 

management, rope drum production, hoisting machinery production, and packing. 

Timeline is based on quantitative research data using the mean values. The process 

in VSM starts when the purchase order arrives electronically in the system and the 

order management processes it within two days. Once the order is processed, the 

material requirements in the system become visible to the production planners which 

also gives a signal that the rope drum needs to be produced. Nothing visible happens 

over the next four days, but rope drum production planning is likely to be done during 

this time, but the observation showed that rope drum production does not basically 

follow target dates or set priorities much.  

After this, the production of the rope drum begins, which lasts three days. Then 

follows the longest time when nothing visible happens, this lasts for eight days. 

During this time, production planning is done, which, according to interviews, takes 

about 10 minutes per week. Then production of the hoisting machinery begins, and it 

takes two days. One day is set aside for packing, but the product waits one day for 

packing process to begin. After packing, the product waits for loading for two days, 
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then the journey to the customer begins. Currently, the process takes an average of 

23 days. 97.73 percent of the orders examined had a lead time of 15 days, from 

which it can be calculated that, on average, orders were completed 8 days later than 

agreed. As can be seen from the map, there is no function at the top that would 

oversee, manage, or develop operations. 

 

Figure 1: Current supply chain value stream map 

 

Since current VSM is created, can future VSM be developed, figure 2, in order to 

achieve the pre-determined 15-day lead time. The first change in the process would 

be turning waiting time into a real value adding planning operations. The production 

planner should schedule and level rope drum and especially hoisting machinery 

production appropriately, so that production blends effortlessly with the main CTO 

product production, products are manufactured on time and also potential challenges 

are identified in a timely manner. First spot where reduction would occur is in flow 

between order management and rope drum production processes. 4 days of mainly 

waiting would be deducted to 2 days of effective planning, which requires more 

effective use of systems, competent planning, and scheduling. Then production 

planning time for hoisting machinery was reduced from 8 days of mainly waiting to 3 

days of effective planning. And in order to achieve this, the tools and methods must 

be in order. For planning to be effective and valuable, it requires more than 10 

minutes, which is now used according the interviews. The main result of the 
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quantitative research was the finding that the production punctuality is depended on 

the timing of the production release. Therefore, the release of hoisting machinery 

production needs to be advanced. Kundu, Land, Portioli-Staudacher and Bokhorst 

(2020) studied the effects of order review and release on lead time, punctuality, and 

flexibility. The study found that late release had a negative effect on punctuality. The 

research presented an extended schedule visibility that allows to see the current 

order release period but also the future period (Kundu et al. 2020). Periodic release 

method (Thürer et al. 2012) could be supplemented with extended schedule visibility 

which could provide tools for levelling the production. 

 

Figure 2: Future supply chain value stream map  
 

The next time reduction takes place in the packing process, the waiting time before 

packing is completely eliminated. The product must be packed within a pre-agreed 

time of one day. However, according to the interviews and observation the product 

has not been actually packable most times when it has been checked so in the 

system. The observation revealed that the final status (ready from production = ready 

for packing) in SAP is checked actually one production operation too early, and the 

actual last operation does not exist at all in production order. The final status is 

checked in SAP after roping, but after roping the connection box is attached and 

electrified, and only then the hoisting machinery is actually completely produced and 

ready to be packed. Exact confirmation shortly after completion of final production 
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operation is essential for realistic production planning and control not forgetting the 

monitoring functions.  Also, the product is mainly reported incorrectly with a status 

that prevents the normal packing process and removes the product from the 

packable items list, which interferes with the monitoring of the performance of the 

packing department. In the current process, the rope is placed a little carelessly and 

untidy on the hoisting machinery in production. In order to start the packing process, 

the packer must set the rope neatly on the machine so that the rope does not cross 

over the frame of the machine. In this way the anti-corrosion plastic around the 

machine can be placed properly. This extra operation done by packer takes around 

five minutes, which accumulates. It takes more time to complete the packing process, 

so the transaction is longer and when packing operations are subcontracted, case 

company’s transactions costs are increased. Incorrect status checking in to the 

system causes delays, difficulties of monitoring, and even complete non-tracking of 

performance. These mentioned challenges directly cause increased transaction 

costs, but also consumes employees' time, which is away from other more valuable 

work, which in the other hand indirectly also costs to the company more. 

 

On the basis of interviews and observations, it could be concluded that the cycle 

times of the processes are in fact very efficient, but the flow between the processes 

does not work. The study also found that the time between processes is for the most 

part unnecessary waiting, and the elimination of the unnecessary waiting throughout 

the internal supply chain, leads towards the goal of achieving a predetermined 15-

day lead time. However, this suggested development requires managing, monitoring, 

reporting, but most importantly cooperation, transparency, and communication 

between functions. The current state of communication and transparency between 

operations should be developed, as even the poor performance level was not known. 

Interviewees felt that management is not aware of the supply chain as whole, and 

management felt the same about employees. Although, the interviewees felt that 

cooperation is conducted with the closest stakeholder, still the main mentioned 

issues in processes was related to the closest stakeholder’s operations. After 

interviews and as result of observation, there was a clear picture that communication 

does not actually work, perhaps on some superficial level, and there is no actual 

transparency between functions either. It was evident that between operations were 

very little genuine cooperation or willingness to do so. A research by Worley and 



72 
 

 

Doolen (2006) discovered that most of the poor communication found regarding Lean 

implementation, was related to communication between departments or 

communication required for internal material flow. It was stated that companies must 

focus on internal communication in the implementation of Lean, and also in general, 

as it directly affects the internal material flow and is therefore vital for the continuity of 

the company. (Worley & Doolen 2006) 

 
8.2  Additional findings 

 
In this chapter, findings are introduced which are not directly related to this study but 

emerged in the course of the study. These findings are intended to be presented in 

order to maximize the benefits of this study for the case factory. The other findings 

were prices and the exploitation of the potential of existing tools. 

 

Hoisting machineries are internal sales from Finnish factory to U.S. factory. The 

internal sales price should cover expenses but not make a profit. However, in the 

current state, the price and cost structure are one that generates a loss of -1-2 

percent per product. The issue was raised to case company’s business controller 

who investigated the matter and came to the same conclusion. The reason for this 

turned out to be that the actual costs were higher than planned. However, the exact 

root cause for this was not known. Prices can be updated in the current process twice 

a year according to the costing run. The business controller investigates this issue 

further and decides if the costing run, and therefore price updates should be done 

more than twice a year. 

 

Although the evaluation and development of enterprise resource planning system 

(ERP) and integrated systems (IS) are excluded from this paper, one of the areas for 

development should still be the exploitation of the potential of existing tools. The 

company uses SAP ERP which has for example the potential to manage visibility and 

timing in production planning. Power BI is the latest entrant, which already shows a 

clear overall picture of the confirmed order backlog. According to Wu (2019, 12-14) 

companies today are looking for a competitive advantage through time-based 

operations and also technological innovation in particular IT development that can 

provide companies with information-rich, computationally rich, and communicative 
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business environment. However, based on the research results, interviews and 

observation, the company does not make much use of existing IT technology during 

the internal operations of this product.  

 

 

9   CONCLUSIONS 

 
The study started with presentation of supply chain and internal supply chain, and 

their four main themes, which are plan, source, make and deliver. None of these 

themes alone, or even the deficiency of a single theme from the whole, will not result 

a supply chain. Complete supply chain is a necessity for a product or service to reach 

it customers, and the more efficient the supply chain is and less disruptions it has, the 

better the customer satisfaction, productivity, and business success are. Contrary to 

the general and more simple assumption that supply chains compete with each other, 

the organizations’ supply chain management is key to gain a competitive advantage 

because even if the supply chain is refined to its peak, for example in terms of 

efficiency and cost, it will not succeed unless the supply chain is actively managed 

and the supply chain management is ready to adapt to a changing world (Qrunfleh & 

Tarafdar 2013; Lambert & Enz 2017; Kaminsky 2008; Suarez-Barraza et al. 2016).  

 

On supply chain strategies, the literature on Lean and Agile, which dominate today's 

strategy choices, were examined. Lean as it is commonly known is located in 

manufacturing operations and is a very pragmatic perspective, although Lean 

traditionally involves various diagrams for measurement purposes. Lean principles 

should also be introduced in other parts of the supply chain in order not to disrupt the 

manufacturing function and should therefore be used more fully as a supply chain 

strategy (Tortorella et al. 2017; Peterson et al. 2014; Harris 2013; Jadhav et al. 

2014). Lean focuses on elimination of waste from operations resulting more efficient, 

profitable, and customer-oriented operations. Value stream maps, which are more 

advanced than traditional process maps, are used in Lean to demonstrate where the 

possible waste occurs, and more importantly helps the company to recognize which 

functions can create added value for the customer. Therefore, it is vital to recognize 

the customer who is benefiting from the resulting added value, although customer 

oriented organizational culture should be self-evident for every company, as the 
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reason that any company exists is to serve its customers, and the reason that any 

supply chain exist is to serve the market it is attached to (Hugos 2018).  

 

Lean has also received some criticism and when critical success factors for Lean 

implementation have been studied, challenges have emerged. The criticism received 

by Lean, and the challenges mentioned in the literature are mainly related to the 

resistance of management and employees and the lack of communication, which are 

strongly linked to organizational culture. In addition, incompetent management, lack 

of training, and lack of necessary resources have caused failures in implementation 

projects (Harris 2013; Jadhav et al. 2014; Jungbae et al. 2008; Qrunfleh et al. 2013; 

Ahmed & Rashdi 2020). It seems to be also debatable if Lean strategy fits into 

volatile markets or different manufacturing methods as Lean is argued to be both, 

rigid (Qrunfleh et al. 2013; Ahmed &Rashdi 2020) and responsive (Jadhav et al. 

2014). Can Lean be applied to different industries and markets successfully and what 

kind of tailoring it would require specifically, or is it a strategy for mature markets and 

serial production for which it was originally created? More research would be needed 

to reliably answer this question, which may reveal a research gap. 

 

Agile strategy is more software development focused but it is already originally meant 

to cover the company-wide operations. Agile shares common goals with Lean, such 

as customer orientation, efficiency, and productivity, but its core is to strive for flexible 

functions in order to respond to rapidly changing situations. Agile strategy and its 

implementation are also subject to criticism and challenges that sound the same as in 

Lean, such as employee resistance, managerial issues, lack of skills, resources, 

cooperation and communication, and inappropriate Agile practices (Chow & Chow 

2008; Pikkarainen et al. 2012; Ahimbisibwe et al. 2015; Misra et al. 2012). Many of 

the challenges reported in Agile and Lean implementation projects are related to 

organizational culture, which should be such that facilities the change process. 

Ignoring organizational culture can lead to the complete failure of a project, as an 

inappropriate organizational culture can prevent change altogether. Culture has the 

potential to develop in a more pro-change direction and at the same time the 

company can exploit its positive impact on competitiveness. 
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Make-to-order (MTO) manufacturing, which the case company uses in the production 

of the hoisting machineries, is one of many manufacturing methods and the decision 

of used method is already done in the first stage, plan, of supply chain. In order to 

make the decision, the company must have a comprehensive understanding of 

internal and external systems, processes, characteristics of incoming orders and its 

customers’ needs. The literature suggests MTO and MTS (make-to-stock) hybrid 

production method to which it is feasible to implement in order to minimize risks, 

however, MTO production is the only and reasonable option for many companies and 

products, as it is also for the hoisting machineries, because of different reasons, such 

as product specialties, costs and product size (Rafiei, Rabbani & Kokabi 2014; 

Kuthambalayan & Bera 2020; Öner-Közen & Minner 2017). 

 

The aim of the study was to describe the internal supply chain and its timing for the 

product under examination, hoisting machinery, and to find areas for development in 

the internal operations and the flow in between them, in order to achieve better 

internal supply chain performance and meet customer promises. The studied 5 key 

functions in the internal supply chain were order handling, rope drum manufacturing, 

production release, production, and packing. The study had two parts, the first 

conducted interviews and observation to determine the level of communication, 

transparency, and leadership, and the second conducted a quantitative study to test 

and determine the relationships between variables, as well as to determine basic 

values for creating a value stream map. The results of the studies were combined 

and a semi-simple current value stream map, as well as a future value stream map 

were created. The value stream map clearly revealed the main findings and 

achieved the goal of finding out why low internal supply chain performance is due. 

Interviews and observations also revealed topics that helped to elucidate the root 

causes of the research problem, which was, how to develop the performance of the 

internal supply chain? Main research question was, what factors cause low 

performance in the internal supply chain? Five factors causing the low performance 

are determined and each factor is explained in the next paragraph including 

development proposals, so research problem could be solved. The five factors are: 

 

1. the production release takes place too late  

2. use of SAP in non-accordance with the guidelines (production status 
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checking) 

3. non-value adding waiting time between functions 

4. lack of communication, cooperation, and transparency 

5. management 

 

The first factor, the production release of hoisting machinery takes place too late, 

which was revealed during quantitative research. About 75 percent of the products 

were released late to production and it was confirmed that if the production release is 

delayed, the production punctuality will decrease. The production punctuality was 

less than 30 percent in year 2020. MTO manufacturing has its challenges, such as 

determination of lead time, the effect of demand fluctuations, the difficulties of 

scheduling and selecting the most proper order release method into production. 

Release to production should be done earlier using periodic release supplemented 

with extended order backlog visibility (Kundu et al. 2020; Thürer et al. 2012). The 

interviews also revealed that the production capacity set only at weekly level causes 

problems for production, such as spikes within a week. However, in line with the 

company’s Lean approach, production planning has the task of scheduling and 

levelling production volumes within a week. 

 

The second factor is related to production operation checking process in SAP, which 

was revealed mainly during observation, but some hints were received during 

interviews. Currently the actual last operation does not exist in production order, 

which means that when final check in production order is done in the system, it 

seems that the product is packable, which is not the case. Comment on the topic was 

asked from the process owner of SAP production planning of the company, which 

was: “the final checking in production order should definitely be made when the 

product is completely ready for production, in which case the SAP operating 

instructions are followed and the data is accurate”. The punctuality of the packing 

department is also hampered by the lack of the last actual operation from the 

production order and incorrect status check after production prevents the packing 

process in system and loses traceability. The punctuality of packing department in 

year 2020 was around 60 percent. It is not possible to say how much the problems of 

status checking affect the punctuality of the packing, so the performance of packing 

department should also be monitored more closely. These status checking issues 



77 
 

 

also causes problems for logistics coordination as the system statuses cannot be 

trusted. For reasons of visibility, data reliability and traceability, agreed SAP rules 

must be followed and status checking practices should be corrected. 

 

The third factor is non-value adding waiting time which was revealed when all the 

results were pulled together and value stream map was created. There is waiting 

time between operations and the process takes 8 days more than it should. The 

core of Lean operations is to remove waste and waiting is one of seven types of 

waste in Lean definition. The case company’s custom Lean approach mentioned 

flow, which meant that there are no waiting or interruptions between and inside the 

functions and continuous flow allows the company to send goods to market and 

customers continuously. In the future value stream map, waiting times were reduced 

and the remaining time should be value-adding production scheduling and levelling. 

 

The fourth factor, lack of communication, cooperation and transparency was revealed 

during interviews with somewhat conflicting answers, as well as during observation. 

For example, it was felt that communication and cooperation were going well with the 

nearest function, but the mentioned daily problems were related to those nearest 

functions, which were not aware of the problems. No one could say what the lead 

time of hoisting machinery is, whether low performance level was known. It was felt 

that management support is received but at the same time it was felt that the 

management did not understand what was really going on in the operations. Lean 

operations and goals of the factory also seemed unclear to the factory manager. Lack 

of communication, cooperation and mutual trust between management and 

employees and also between stakeholders is a bane for successful Lean 

implementation. Management needs to communicate and listen to people from 

different levels of the company and employees need to be properly informed of the 

changes that are being implemented. Poor communication between different 

stakeholders is one of the top reasons for poor success of Lean. Strong 

communication, cooperation and mutual trust between the employees, management 

and stakeholders is prerequisite to creating an atmosphere conducive for Lean 

implementation.  

 

The last factor is management and the issues came clear in all stages of the 
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research. It can be stated that management has a part to play in ensuring that these 

products are not met by expectations or requirements that wordlessly communicate 

to employees that these products do not matter much. This finding does not only 

apply to the factory manager who represents the middle management, but the 

strategy and culture come from the top management. Is the same thing for middle 

management, if the top management does not demand, no attention may be paid to 

the matter. The observation found that management would not act until a NON-CTO 

product delay has led to a production line shutdown at the U.S. factory. NON-CTO 

products are not included in the company's strategy, are considered secondary and 

punctuality nor anomalies are not followed. The complete lack of punctuality 

monitoring signals to employees that these products are not important. Measuring 

performance is necessity for efficient internal supply chain management. 

Management should manage all functions in the factory in accordance with the 

company's values and Lean approach regardless if products are CTO or NON-CTO, 

as the company values and Lean approach preaches on full service commitment, 

leadership, engaging people in the removal of waste, creating balanced flow within 

all of the processes and functions, end to end.  

 

From supply chain strategies can hardly be found "one fits for all" solution, which 

emphasizes the company’s ability to tailor the strategy to suit the company as well 

as lead it effectively. It is possible that Lean is not suitable for the production 

environment of the case factory, as the employees stated in interviews, but it is 

possible to customize Lean, as the company has already done to some extent at a 

higher level. The case factory can and should examine its operations more closely 

and consider where the priorities for development lie, as they may not be in 

production, which is currently the most invested in, but in the flow between 

operations and attitudes towards Lean. Without motivated staff, there will be no 

results. As the saying goes, a running record is not created by chasing, but by giving 

something to run towards. 

 

As mentioned earlier, supply chain management can be the key to achieving real 

competitive advantage. In this study, examination of supply chain management 

literature focused specifically on internal supply chain management and it was 
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noticed that the debate between customer service levels and operational efficiency is 

real and can sometimes lead to a "pick and choose" situation for management, as in 

some situations, both cannot be obtained. Interestingly enough, studied internal 

supply chain performance was not efficient nor it pleased the customer. Finding and 

maintaining the “happy medium” between customer service level and operational 

efficiency might be the biggest challenge in internal supply chain management, which 

is still required to tackle for the success of the company. One of the most significant 

part of internal supply chain management revealed be to measurement of operations, 

response to measured data and information sharing, which all are lacking from the 

studied internal supply chain. By defining key performance targets in the areas, such 

as customer service and internal efficiency, and creating a data collection model 

helps monitoring and controlling daily, weekly, and monthly operations. Simple 

monitoring and controlling would not be enough, because in order to manage internal 

supply chain truly effectively, learning to use data, sharing the data and making the 

decisions based on data, and finally act by the decisions leads to a competitive 

advantage. Information sharing is crucial as appropriate information sharing between 

internal supply chain functions raises the awareness of how the internal supply chain 

is working overall. When functions receive information, they can work together and 

make individual but also joint decisions in order to improve the internal supply chain. 

 

Future research proposals are related to internal supply chain planning and 

management, as well as the suitability of Lean operations for different environments. 

Nowadays, a wealth of research and literature on supply chain development and 

management, focusing on, for example, activities outside the manufacturing site, 

such as sourcing and external logistics. There is also a wealth of research on 

manufacturing strategies, exploring different options such as Lean manufacturing. 

Regarding to the internal functions of the manufacturing site there is material 

separate from the functions, such as production and warehousing, but seems that 

effective interconnection of internal functions, which results internal supply chain, 

research data and literature are scarce.  

 

Companies operating in highly developed countries and industries with mass 

production, for example, were strongly represented in researched studies and Lean 

supply strategy is successful in that area. Based on the literature and studies 
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examined, there appears to be some research gap about the success of Lean 

activities in different business areas especially businesses in highly volatile and 

irregular markets. 

 

9.1  Limitations 

 

This study focuses on internal supply chain but purchasing activities has been 

excluded because no regular material challenges were perceived in the hoisting 

machinery production. Also, sales operations are excluded, as hoisting machineries 

are only internal sales between two corporation’s factories. External supply chain is 

excluded completely including outbound logistics. Although some risks have been 

mentioned in the study regarding poor performance of the internal supply chain, 

supply chain risk management has been excluded. ERP and Integrated systems (IS) 

functionality and development are excluded, the study takes stand only on 

compliance with agreed practices of ERP. 

 

As this is a case study, the results of the study cannot be generalized without 

considering all factors. When considering generalizability, it should be considered 

that the study was conducted in a production environment where make-to-order and 

customized products are the main strategy. Although the company under 

investigation is part of a large global corporation, the research is carried out in only 

one manufacturing site in one factory for one product family. 

 

9.2  Aftermath 

 

Although the purpose of the study was not to be a development project, significant 

development has taken place during the study, which the customer has also noticed 

in a positive way. While average production punctuality in year 2020 was under 30 

percent, average production punctuality during January to April in year 2021 was a bit 

over 90 percent. Process at the moment takes averagely 16 days, instead of 23 days, 

which was the average in year 2020, resulting around 30 percent lead time reduction. 

16 days is still not the pre-determined lead time, but the variation is significantly 

decreased. Also packing punctuality is increased mainly because of corrected SAP 
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checking practices. Before, production checked status incorrectly into system, which 

firstly prevented the normal packaging process in the system, but also lost visibility of 

the products to be packed, making it impossible for the packer to monitor its own 

operations and punctuality. Average packing punctuality during January to April in 

year 2021 was around 80 percent, while in 2020 it was around 60 percent. The 

punctuality of the packing department is still further hampered by the lack of the last 

actual operation from the production order, which distorts the data. The product is still 

not really packable, even though the system looks like it. This also causes problems 

for logistics coordination as the system statuses cannot be trusted. Developments 

are perceived to be due to the opening of communication and better transparency in 

operations. There is still room for improvement in development the performance of 

the internal supply chain, as well as in sharpening the customer perspective, but the 

current situation looks promising. 
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