
  0 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

  

SAMINT-MILI-21006 
 Master’s Thesis 30 credits 

June 2021 

Benefits and Challenges of 

implementing the Manufacturing 

Readiness Level (MRL) matrix in 

the automotive manufacturing 

industry 
 

A Case Study with Volvo Group Trucks 

Operations 

Nithin Santhosh Kanthaswamy 

Venkata Satyanarayana Reddy Suravarapu 

Master’s Programme in Industrial Management and Innovation 

Masterprogram i industriell ledning och innovation 



 1 

 

 

 

 

  

Abstract 

Benefits and Challenges in implementing the MRL 

matrix in the automotive manufacturing industry 

Nithin Santhosh Kanthaswamy and Venkata Satyanarayana Reddy 

Suravarapu 

 

 

 

The aim of this thesis is to analyze the benefits and the challenges 
in implementing the manufacturing technology maturity 

assessment matrix from the US Department of Defence (US 

DoD) which is the Manufacturing Readiness Level (MRL) matrix, 
in automotive manufacturing industry. MRL matrix is created for 

maturity assessment in the defence acquisition process of the US 

DoD. This matrix is considered as an efficient and effective way of 
maturity assessment of manufacturing technologies and the 

resource allocation in the portfolio management. The thesis is 

based on a case study at an automotive manufacturing firm, taking 
its steps towards the MRL matrix from a stage-gate model in its 

portfolio management.  

 
A Qualitative method study is carried out in this research and 

interviews were taken from six different personnel from an 

automotive manufacturing firm. These interviews gave a better 
understanding of the expectations and level of details needed in 

the MRL matrix.  

 
From the data collected from this case study, six findings were 

found, which are a manufacturing technology should be 

implemented on the factory floor only when it is completely 
mature, the MRL framework by US DoD is complicated and the 

language used is difficult to understand, and four other findings. 

These findings clearly show the benefits and challenges of 
implementing the MRL matrix by the US DoD in the automotive 

manufacturing industry. 
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Popular science summary 

 
Portfolio management in automotive industry 
 

In the automotive manufacturing industry, technology is evolving at a fast pace. New 

technologies such as industry 4.0, digitization, digitalization, big data are taking a role in 

creating a competitive advantage for manufacturing companies. The automotive manufacturing 

companies are constantly trying to adapt to new manufacturing technologies to meet customer 

demands and to tackle the competition in the market. This creates a need for continuous search 

for new technology and manufacturing techniques. On the other hand, a manufacturing 

technology cannot be implemented unless the technology is fully matured because the 

implementation of immature technology will create unnecessary losses in manufacturing. In 

automotive manufacturing, series production is the best way to optimize the manufacturing 

process. The immature manufacturing technology may cause unnecessary downtime which 

leads the series production to stop.  To develop new manufacturing technologies, the portfolio 

management department of automotive companies uses a stage-gate model with milestones for 

development. But it lacks a clear assessment of manufacturing technology maturity. To fill this 

gap the automotive companies are trying to adapt the Manufacturing Readiness Level (MRL) 

matrix from the US Department of Defence in portfolio management. The MRL matrix tracks 

the maturity of the manufacturing technology in terms of levels. Each level is designed in great 

detail, so the transition of manufacturing technology from one level to the next level indicates 

the maturity of the manufacturing technology. 

 

A case study was conducted with the portfolio management team and the different competence 

areas of a Swedish automotive manufacturing company. The main purpose of this thesis is to 

analyse the benefits and the challenges in the implementation of the MRL matrix. This thesis 

also explores the difficulties in the transition from the stage-gate model to the MRL matrix. 

After the investigation, an attempt was made to make the MRL matrix simple by replacing 

complicated words. As the MRL matrix was originally made for defence acquisition purposes 

and not for the automotive industry. The attempt was successful, and it lays the foundation for 

the future refinements and development of the MRL matrix as per the need of the automotive 

industry. 
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This research project was carried out at Volvo Group Trucks, Sweden. The project mainly 

analyzed the benefits and challenges of implementing the Manufacturing Readiness Level 

(MRL) matrix from the US Department of Defence. MRL is a system to support the development 

of new manufacturing technologies and assess the maturity of the manufacturing technology. 

In this document, the advancements in manufacturing such as Industry 4.0 technologies and 

their trends, Manufacturing Readiness Level (MRL) & Technology Readiness Level (TRL) 

frameworks are presented. This will give an overall view of the project and explains the 

relationship with the project. We discussed digitization, digitalization and, Industry 4.0 as these 

are the new emerging manufacturing technologies. Volvo Group Trucks Operations is trying to 

make use of these concepts in its manufacturing projects. Discussing these parts will give solid 

background to this project.   

1. Introduction 

The introduction will initially present the background to the research areas followed by 

problematisation, aim for this thesis. In this section, the main purpose of the study will be 

introduced, and the section will be followed by explaining the research questions. The section 

ends with a case company description to give a better understanding of the company. 

1.1 Background 

The manufacturing field is continuously improving in various processes involved from concept 

generation to end products and technologies (Esmaeilian et al., 2016). The advancements in 

automotive and manufacturing industries through Industry 4.0 help to build smart 

manufacturing, supply chain, increased production. Automotive companies are investing in 

new manufacturing technologies to deliver products with improved product design, additional 

features generating additional value and sales, or to reduce cost in series production. It is 

essential and necessary to assess the existing, upcoming technologies and manufacturing 

processes to detect whether a company's production will align with the competitive 

technologies existing in the market (Reinhart et al., 2010). So, this makes the measurement of 

manufacturing technology maturity in manufacturing technologies important for industrial 

decision-making (Peters, 2015). Taking new premature manufacturing technologies to 

implementation in series production creates risks and uncertainties. The new trend in 

manufacturing industries is to decrease product development time in new product development 
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projects and to produce products in a shorter time to stay top in the market (Ahlskog et al., 

2015). At the same time, the new manufacturing technologies should be implemented at the 

right time in order to stay competitive in the market (Peters, 2015). This creates a need for an 

effective framework to assess the maturity of manufacturing technologies. For the assessment 

of the maturity of manufacturing technologies, a manufacturing readiness level matrix was 

created by the US Department of Defence for its defence acquisitions. Since the stakes are high 

in terms of resources, the US Department of Defence developed a detailed matrix called 

Manufacturing Readiness Level (MRL) matrix which can guide the team in assessing the 

maturity of the manufacturing technology using levels as measurement of maturity for 

successful implementation for the manufacturing in defence.  

Manufacturing readiness level matrix is a tool for assessing the readiness of manufacturing 

technology for full rate production with minimizing risks as much as possible in terms of 

suppliers, materials, technology, process, cost (OSD Manufacturing Technology Program, 

2011). This tool makes it easy for understanding the maturity of manufacturing technology with 

a common standard language across the different stakeholders involved in the manufacturing 

technology development. As mentioned before, the manufacturing readiness level model was 

initially created by the US Department of Defense (US DoD) for assessing the manufacturing 

technology’s risks and its maturity. The MRL matrix created by the US Department of Defence 

can be seen in appendix F. Before, the manufacturing technology development status and risk 

evaluation was performed but that did not use a uniform metric to measure and communicate 

the manufacturing risk and readiness (OSD Manufacturing Technology Program, 2011). In this 

research, the manufacturing readiness level created by the US Department of defence (US DoD) 

will be assessed for its adaptability, benefits, and challenges for the implementation in the 

automotive manufacturing industries. For this analysis, Volvo´s Group Truck Operations is 

chosen as a case company to carry out the research. Factors such as requirements, technical 

features, and risks that are involved in series production in the automotive manufacturing 

industry are taken into consideration in this research.    

1.2 Problem formulation 

The Manufacturing Readiness Level (MRL) and Technology Readiness Level (TRL) system 

originate from US space and defense agencies as means to reduce the risks and delays in product 

development projects (Wu et al., 2017). Technology Readiness Level (TRL) and Manufacturing 
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Readiness Level (MRL) have huge traction in the research of new technologies. Technology 

Research and Development (R&D) program decisions based on MRL & TRL systems is to 

reduce the uncertainty in performance, schedule, and budget in a project (Mankins, 2009). 

  

At Volvo Group Trucks Operations, the portfolio management has been trying at various extent 

for a number of years to introduce MRL in the development of new manufacturing technology. 

The ambition has been to utilize MRL to become more systematic in the manufacturing 

technology development process. However, the organization is struggling with how to use it. 

The purpose of the MRL system is to secure manufacturing in product development projects. 

The goal of this research is to analyse the adaptability, benefits and challenges in the 

implementation of the US Department of Defence’s (US DoD) MRL matrix  (appendix F) in 

the field of manufacturing engineering at Volvo Group Trucks Operations. This manufacturing 

maturity assessment framework will help the portfolio management team to decide on the 

maturity, resources, and implementation of the manufacturing technology on considering the 

different risk factors involved. Since manufacturing technology should be considered based on 

feasibility, series production ability, safety, cost efficiency, time efficiency, and various other 

factors, a well-defined framework is required for assessing the level of maturity in 

manufacturing technology to implement for full-rate production. This creates a need for a 

detailed manufacturing maturity assessment framework for Volvo’s Group Trucks Operation 

to make the decision-making process effective and efficient for its portfolio management. 

1.3 Aim and research questions 

The aim of this research is to analyze the benefits and the challenges in the implementation of 

the MRL matrix in the automotive manufacturing industries. On achieving the goal of this 

thesis, the researchers address the research questions listed below. 

1. What are the benefits of using the MRL matrix by the US DoD in automotive 

manufacturing technology risk assessment to increase its maturity? 

2. What are the challenges in implementing the MRL matrix by the US DoD in automotive 

manufacturing technology risk assessment to increase its maturity?  
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1.4 Case company description 

1.4.1 Volvo company 

The Volvo Group is one of the world’s leading manufacturers of trucks, buses, construction 

equipment, and marine and industrial engines under the leading brands Volvo, Renault Trucks, 

Mack, UD Trucks, Eicher, SDLG, Terex Trucks, Prevost, Nova Bus, UD Bus, Sunwin Bus, and 

Volvo Penta. Volvo Group Trucks Operations (GTO) encompasses the production of state-of-

the-art products for the truck brands of the Volvo Group, as well as Volvo Group engines and 

transmissions, through an international world-class industrial environment. 

From the day the Volvo company was founded in 1927, due to its continuous efforts and R&D, 

it transformed from a small local industry in Sweden to a leading manufacturer of commercial 

transport and infrastructure solutions in the global market (Volvo Group(a), 2021). At present, 

the company is established with 100,000 employees worldwide and present in 190 markets 

around the world. Volvo has a whooping sale of more than 350,000 units every year. Volvo 

started its journey with its first model Volvo OV4, manufactured in Gothenburg, Sweden. 

During the World War II period, Volvo had a rapid expansion which helped it to hold a strong 

grip in its different business arms. Volvo started its overseas expansion in 1968 (Volvo 

Group(a), 2021). Through manufacturing in different countries in Europe, Volvo transformed 

itself from a Swedish company to a European company. Then Volvo moved its focus to the 

Asia market with high growth potential markets like China, India, Japan, Russia. Now, Asia is 

the group’s second-largest market after Europe. This came through successful joint ventures 

and acquisitions over time. Currently, Volvo is focusing on a new business area which is 

autonomous vehicles. Volvo’s focus in this business area is giving the best autonomous 

solutions in areas like mining, seaports, and transport between logistics centers (Volvo 

Group(a), 2021). 

1.4.2 Volvo Group’s innovation 

Volvo´s innovations over the years are the company's benchmarks to be a global leader. Volvo 

Group has been doing constant improvements and upgrades to its existing technologies, 

products, services, methods, and processes. Most companies try to minimize their risks in every 

way possible to get better profits. Huang et al., (2019, p. 1) stated that “Incremental innovation 

is a strategy with low risk and low earnings”. Incremental innovation mainly focuses on 
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developing existing features such as increasing a product´s efficiency and productivity (Sheng 

et al., 2016). This research results will help in the shift of Volvo Group Trucks’ portfolio 

management from stage-gate model to MRL matrix for effective manufacturing technology 

maturity assessments and resource allocation. So, this can be seen as an incremental innovation. 

This research focuses on the manufacturing technology maturity assessment, not on the 

resource allocation part. Incremental innovation gives a competitive advantage to the 

companies to regularly improve already existing features or processes.    

Volvo’s way of innovation is value-led (Volvo Group(b), 2021). Volvo focuses on giving safe 

and high-quality vehicles to its customers. In 1959, Volvo introduced the three-point safety belt 

which became an inevitable feature in vehicles internationally. This is one of the most 

innovative inventions in improving the safety of the passenger in the vehicle (Volvo Group(b), 

2021). Due to Volvo’s continuous focus and innovation in improving safety, Volvo was 

awarded the L.E.A.D.E.R (stands for Leaders in European Automotive Development, 

Excellence and Research) award in 2014. It was chosen for its leadership in-car safety systems 

(Bolduc, 2014). Some of the innovations from Volvo are Automatic Power Shift (APS), Volvo 

I-Shift, Infomax – Vehicle management system for measuring and analyzing fuel consumption, 

CO2 neutral trucks, I-See autopilot system, Dynamic Steering, Dual Clutch, autonomous 

construction machine, electric bus (Volvo Group(b), 2021). Volvo has a strong R&D 

department for its groundbreaking innovations with 10,000 employees in 15 countries. 

1.4.3 Volvo Group Trucks Operations 

Even though the Volvo Group Trucks Operations is the division used in this case study, the 

understanding of the different divisions of Volvo Group Trucks Operations will help in 

understanding the context of the areas where the MRL matrix will be used in future. The 

following section explains the Volvo Group, Volvo Group Trucks Operations and its different 

divisions. 

Volvo Group has eleven business areas which are Volvo Group Trucks, UD Trucks, Renault 

Trucks, Mack trucks, Volvo Construction Equipment, Volvo Buses, Volvo Penta, Arquus, 

Volvo Financial Services, Volvo Autonomous Solutions, and Volvo Energy. Volvo’s Trucks 

have its strong presence in Europe and growing its presence in Asia, South America, and Africa. 

In short, Volvo has a global network of 2300 truck dealers and around 94,000 Trucks which 
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includes Volvo Group Trucks, Renault Trucks, and Mack Trucks delivered so far worldwide in 

2020. Volvo Group Trucks division within Volvo Group has three areas which are listed below. 

1.  Group Trucks Technology (GTT) 

2.  Group Trucks Operations (GTO) 

3.  Group Trucks Purchasing (GTP) 

 

                                                   Figure 1: Volvo Group Trucks Division 

All three divisions mentioned above are the global entities that serve the entire truck businesses 

of Volvo Group and also integrate with other businesses of Volvo to a certain extent. 

1. Group Trucks Technology (GTT) 

Based on the Volvo Group’s internal definition, GTT maximizes the output for the Volvo Group 

R&D investment by balancing common and brand unique solutions and by mastering both well-

known and new technologies. GTT provides the research, engineering, product planning, and 

project execution to final delivery of complete products and also supports the products in the 

aftermarket. GTT consists of employees from multi-brand, multicultural, and work in global 

teams on projects across the globe in Sweden, France, India, Brazil, China, and Japan. 

2. Group Trucks Operations (GTO) 

Based on Volvo Group’s internal definition, GTO is the truck industrial entity within the Volvo 

Group responsible for Truck manufacturing, including Cab (Body in White) & Vehicle 

Assembly, Powertrain Production, Logistics Services, Parts Distribution, and 

Remanufacturing. The thesis which we are doing will come under the Group Trucks Operations 

(GTO) division. GTO is serving 40 plants and 75 logistics sites. GTO includes approximately 

30,000 employees in 32 countries. GTO offers an international world-class industrial 

environment with continuous improvement and productivity improvement through Volvo 

Production System (VPS). 
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3. Group Trucks Purchasing (GTP) 

Based on the Volvo Group’s internal definition, GTP provides a competitive advantage to the 

Volvo Group by selecting high-performing suppliers to deliver the best possible products and 

services that add business value. GTP consists of 1,465 employees located in 25 countries and 

50 sites. Every year GTP delivers 3.3 billion parts to the truck plants from 2,600 suppliers in 

serial production. 

All these three divisions help in the smooth and efficient operations and also in helping the 

international standard manufacturing environment across the different trucks manufacturing 

and assembly plants in Volvo Group.  

1.4.4 Group Trucks Operation’s (GTO) competence areas 

Since this research comes under the GTO division of Volvo Group, it is helpful to know the 

different competence areas within GTO where these research findings will create maximum 

impact. The different competence areas are listed below.  

 

Figure 2: Volvo Group Trucks Operations Competence areas 

1. Powertrain - In this competence area, the team focuses on engine and engine-related 

components manufacturing (Volvo Group(c), 2021). It focused on the improvement 

opportunities in this area across the Volvo Group’s trucks factories across the globe. 

2. Research and Technology Development – In this competence area, various new 

technologies which will increase the efficiency of the manufacturing plants are 
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researched and delivered to different plants across the world (Volvo Group(c), 2021). It 

delivers the solutions based on the needs of the different Volvo Group’s truck plants. 

3. Software and Electrical Engineering – In this competence area, the software and the 

electrical engineering processes are carried out based on the needs and also continuously 

make the process efficient (Volvo Group(c), 2021). Here, the development of software 

will not happen often, but this category focuses more on the process. 

4. Chassis and Final Assembly – In this competence area, the team focuses on the 

improvement in the chassis and final assembly (Volvo Group(c), 2021). It helps to make 

the manual assembly, automated assembly runs smoothly and efficiently. It also works 

on improvement. 

5. Cab – In this competence area, the team focuses on the cab and the painted shell of cabs 

(Volvo Group(c), 2021). This team focuses on the technologies and processes which 

can make cab manufacturing smooth and also focuses on the various technological and 

process improvements in this area. 

6. Production Logistics – In this competence area, the team focuses on the internal 

logistics and material handling for the smooth manufacturing operations. This team will 

not consider the logistics between suppliers and partners (Volvo Group(c), 2021). Since, 

this is a global team they work on making the entire logistics operations efficient to 

meet the production needs of all Volvo Group Trucks plants.  

All these different competence areas work at the global level, all these competence areas 

collaborate together in certain projects and also have individual projects which help all the 

Volvo´s Group Trucks Operations manufacturing plants across the globe. Here in these 

competence areas, the research and testing of the new technologies happen and then they deliver 

the technology to the manufacturing plants in various countries in the world. From the newly 

developing manufacturing technology perspective, the different competence areas in the Volvo 

Group Truck Operations have the difficulty in assessing the maturity of the manufacturing 

technology before delivering it to different manufacturing plants. So this creates a demand for 

the introduction of the US Department of Defense’s (US DoD) Manufacturing Readiness Level 

(MRL) matrix to assess the maturity of the technologies. The GTO organization tried to 

implement the MRL matrix for the projects in its product portfolio but due to the complex 

formation of the matrix, it was nearly impossible to implement. 
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2.  Literature Review 

This section explores the literature in the related fields of the study. The section incorporates 

critical analysis of published sources, or literature, on the topics related to the field of 

manufacturing, industry 4.0, MRL, TRL, and maturity assessment. The assessment of this 

literature provides a summary, classification, comparison and evaluation of previous research 

and studies in the relevant field. 

2.1 Manufacturing and Its Trends 

Conventionally, the concept of manufacturing can be related to industrial production where raw 

materials are converted to products and sold in the market (Esmaeilian et al., 2016). Dynamic 

evolution had an impact on the manufacturing industry due to the fact that manufacturing 

systems and technologies are being developed over the years. Despite the technological 

advancements in manufacturing processes, some of the manufacturing processes scopes are a 

bit complex and sometimes they are defined minimally. To stay competitive in the market it is 

important that companies need to adopt new business models and integrate new manufacturing 

technologies. Profitability and the competitiveness of a firm depend on the level of 

competencies it has (Cozza et al., 2012). The higher competencies of a firm allow it to face the 

challenges of the market. Most of the companies are trying to be innovative and introducing 

new manufacturing technologies to stay top in the market. Disruption is one of the most 

common terms in the manufacturing industry (Christensen et al., 2001). Customer preferences, 

technological advancements, and changes, evolution can be viewed as some of the disruptions 

in the manufacturing industry. Christensen et al., (2001) has stated that disruptive technologies 

create major new growth in the industries and due to these disruptive technologies, there is 

always a chance to innovate something new. The world trend in today's manufacturing is more 

towards digitalization and industry 4.0. According to Björkdahl (2020), digitalization usually 

involves the extensive use of digital technologies and it involves the integration of these 

technologies into a firm's products and processes. Digitalization in manufacturing is evolving 

and it is changing the manufacturing processes, product design, operations, and many more.  

 

The digitalization of modern manufacturing is called in different ways such as Industry 4.0, 

Industrial Internet of Things (IIoT), Smart manufacturing, Information and communications 
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technology (ICT) (Ezell, 2018). Digitalization can be seen as the fourth industrial revolution 

after water and steam power, mass production, automation, and robotics (Petrillo et al., 

2018).  Over the past decade, there has been an increase in digitalization in series production. 

Despite the current challenges in the global automotive industry, there is competition in 

adopting new technologies to their body and powertrain in order to cope up with the product 

variety and new regulations (Peters et al., 2016). Due to the competitiveness and changing 

scenarios, automotive companies are integrating digitalization throughout their processes such 

as design, procurement, production, and supply chain.  

2.1.1 Trends in Automotive Manufacturing 

The boom in vehicle production has created new opportunities to innovate and it opened up 

new markets where market opportunities and production is increasing rapidly (Sturgeon et al., 

2009). The current global competition has pressured many firms to solve the age-old problems. 

Emerging economies are quickly becoming major production locations, in line with broader 

trends in other sectors. Gupta (2019, p. 3) has stated that “The proliferating economic growth 

and the new way of energy consumption intensification are leading to the ever-growing demand 

for automotive”. Leading vehicle manufacturers are extending their market and increasing their 

production and sales every year. Market differences make vehicle manufacturers alter their 

production systems and technologies according to the country's regulations. This opens up a 

new window to innovate according to the market needs and helps the firm to stay competitive. 

These needs show the importance of innovation and product development in a technologically 

driven environment (Johnson & Kirchain, 2011).  

 

Product development gives a competitive advantage for many automotive manufacturing 

companies (Eisenhardt et al., 1995). It involves more than the development of the new products, 

such as sometimes firms try to adapt to the new technologies and even re-invest in their 

technology to cope up with the new trends in the market. To stay competitive automotive firms 

are striving for better product quality by constantly innovating their processes (Giampieri et al., 

2020). The evolution of product development decreased the time to market and the 

digitalization in product development is growing rapidly. Digitalization is gaining an increasing 

amount of focus in both research and practice (Seyedghorban et al., 2020). Digitalization in 

product development has evolved in different ways such as rapid tooling applications, layered-

manufacturing machines, CAD, information and distribution systems, tele-engineering for 

manufacturing (Bernard et al., 2002). It will have a direct effect on productivity through various 
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aspects such as product design, costs, flexibility, and production. The automotive industry is 

moving from a traditional approach to a more software-driven, artificially intelligent, battery-

driven and many more. This digitalization in the automotive industry makes product 

development more efficient and effective. Digitalization is transforming rapidly and in many 

ways such as usage of digital sources, autonomous driving, improved manufacturing, supply 

chain, data security, and predictive maintenance. These advancements also change the value 

proposition in the automotive industry by re-shaping using interactivity, information 

availability, and mobility. Digitalization is reshaping the entire manufacturing industry through 

its approach to short product development time, flexibility, artificial intelligence, new 

manufacturing processes, and technologies.   

2.1.2 Advantages of Digitization and Digitalization in Manufacturing 

This section gives an overview of the concepts which drive the industry 4.0. This section will 

help to understand the complexity in the future manufacturing technologies. This section also 

gives an understanding of industry 4.0 and the recent advancements in the manufacturing 

industry and explains more about the understanding of the difference between digitization and 

digitalization. 

 

Over the past decade, Digitalization is one of the evolving topics in industry and academics. 

This brings a change to the firms due to their adoption of digital technologies, processes, and 

changes in their operations (Parviainen et al., 2017). Many industries are transforming digitally 

through the way they work, business, and processes. Recent advancements in manufacturing 

have brought some new changes to the digital elements (Schumacher et al., 2016). Digitization 

is one of the concepts which is much more related to the manufacturing industry. Many scholars 

or firms did not give a proper explanation of the differentiation between digitization and 

digitalization. Ritter et al., (2020, p. 181) state that “Digitalization and digitization are two very 

different organizational phenomena, where digitalization concerns digital value propositions in 

the marketplace and the digitization relates to the transition from analog data to digital data”. 

Digitization is a process that converts analog data to digital data or digital form. While 

digitalization can be defined as the adoption of digital technology by firms or any other entity. 

Digitization is a substructure for digitalization which can be seen as a way for the utilization of 

digital opportunities (Rachinger et al., 2019). Digitization mainly describes the conversion of 

analog information to clear bits. It also increases the efficiency and effectiveness of the overall 
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operations in a firm. It allows collecting data that is not possible such as performance data of a 

technology or a machine, creating purchase orders (Gobble, 2018).  

 

Digitalization drives new business models and helps to increase value propositions. 

Digitalization can be related to the concept of servitization, a business model where firms add 

service to their offerings (Kowalkowski et al., 2017). Firms are trying to add service to their 

products because of their competitive advantage and its value creation. Servitization also 

explains how firms are changing from offering products or services to products and services 

(Raddats et al., 2019). One example of servitization is Rolls-Royce´s “power-by-the-hour”, 

which is an Engine-as-a-service (Eaas) where customers pay hourly to the 

manufacturer.   Servitization is a diverse and complex area that is contributing new insights 

across the area of research (Baines et al., 2013). With the concept of servitization, firms can 

investigate more about the drawbacks, investment plans, and detect potential failures in an early 

phase. If a firm is adapting to digitalization or a digital change, it starts with an innovation 

initiative. The digital transformation of any firm or industry takes place when there is an 

innovative approach. The process of globalization spotlights the relation between innovation 

and the fourth industrial revolution, Industry 4.0.   

 

Industry 4.0 represents a new phase in any type of firm or industry as it represents the 

organization and the control it has on its value chain (Sung, 2018). Industries are under constant 

pressure from their external players to improve their product quality, to be competitive, 

sustainable, and at last to be profitable. It is essential for an industry to adapt to the newly 

emerging industrial revolution. The fourth industrial revolution will be full automation, usage 

of digital technologies and processes in manufacturing (Roblek et al., 2016). To stay 

competitive in the market, manufacturing plants and companies need to integrate the Internet 

of things (IoT) and the concept of digitalization and digitization to become more efficient, 

effective, and agile. Industrial automation and digital processes increase the output of any 

manufacturing industry and also increase performance and productivity. This will also have a 

direct impact on the digitization of products, automation, and data exchange. Industry 4.0 

enables manufacturing to be more flexible by adapting it in smart factories, where the 

production lines can be adapted to short lead times.         
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2.1.3 Industry 4.0 in Manufacturing  

In this section, the industry 4.0 is explained with the support of an explanation about 

digitization and digitalization from the previous section. 

 

Manufacturing industries are adapting to Industry 4.0 by using big data, analytics, cloud 

computing, advanced robotics, 3-D printing, and augmented reality (Roblek et al., 2016). The 

shift to Industry 4.0 in manufacturing mainly depends on the successful integration of these 

technologies. Jian Qin et al., (2016) defines that Industry 4.0 in manufacturing covers the four 

aspects and they can be considered as the future approaches. The four aspects are distinguished 

as factory, business, products, and customers.  

1. Factory: Smart factory is the most common term used in Industry 4.0. A smart factory 

can be described as a shop floor that is connected to various systems and devices, which 

collects and shares data (Jian Qin et al., 2016). It involves various technologies such as 

industrial IoT, sensors, cloud computing, big data, and robotics. It focuses on overall 

optimization and cost reduction (Jian Qin et al., 2016). 

2. Business: Industry 4.0 usually refers to machines and products fully connected and for 

exchanging data, will digitize the business operations. It also builds a communication 

platform between companies, factories, and entities involved in manufacturing (Jian Qin 

et al., 2016). It involves technologies such as Real-time data, communication networks. 

Industry 4.0 in businesses creates a complete communication network between 

businesses.  

3. Products: Industry 4.0 refers to smart products, in which sensors are built-in these 

products, which carry information about the product usage and give feedback to the 

manufacturing plant. It involves technologies such as Sensors, big data, Embedded 

systems. Smart products measure information from different products and give 

feedback and valuable data back to the manufacturer (Jian Qin et al., 2016).. 

4. Customers: New purchasing methods are being implemented in Industry 4.0, where 

customers can make an order and make changes to it whenever they want in the 

production stage. It also creates loyalty to the customers by knowing their specific 

needs. It involves real-time data and communications (Jian Qin et al., 2016).  Industry 

4.0 regarding customer perspective mainly focuses on customer experience from 

production to delivery and even while purchasing. 
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The four aspects provide a proper explanation about the individual techniques and the focus 

areas. One of the key concepts in Industry 4.0 related to manufacturing is smart manufacturing.  

Internet of Things (IoT), big data, additive manufacturing, robotics, cyber systems, Sensors, 

and machine learning are some of the examples of smart manufacturing (Ahuett-Garza & 

Kurfess, 2018). As explained by Frank et al., (2019) technologies in smart manufacturing can 

be categorized into six categories based on their usage. These advancements in manufacturing 

make the importance of assessing new technologies compulsory in industries. A proper and 

accurate assessment of new technology can determine the life cycle, effectiveness, efficiency, 

and outcome of a particular technology. 

 

In this section, the development of industry 4.0 was discussed, this gave the understanding of 

the complexity involved in the development of future manufacturing technologies. So the 

portfolio management in the manufacturing technology development should be efficient to 

handle the development of manufacturing technologies with reducing the risks as much as 

possible from supplier to workforce management.  

 

2.2 Risk management 

Risk management is one of the most crucial areas in the business world. Shareholders are 

repeatedly suffering from uncertain business performance, creating a strategic direction for a 

business includes careful consideration of what supports the business objectives and what 

destroys the business objectives (Chapman, 2011). In simple words, the risk is nothing but the 

possibility of something going wrong and based on the definition from the US Department of 

Defence, “Risk is a measure of the potential inability to achieve overall program objectives 

within the defined cost, schedule, and technical constraints” (Flinn, p. 4, 2019). Irrespective of 

the industry, the activities involved in the risk assessment approach are listed below 

• Identification of potential hazards or risks 

• Estimation of the likelihood of each identified risk 

• Estimation of the severity f the consequences of potential failures 

Based on the estimation of severity, the identified risks will be addressed to minimize them by 

providing alternative options (Flinn, 2019). In the following table, the general levels of 

probability of occurrence and the severity of consequences are listed (Flinn, 2019). 
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         Table 1: Probability of occurrence and severity of consequences (Flinn, 2019) 

Level Probability of Occurrence Severity of Consequences 

1 Extremely unlikely None 

2 Remote Minor 

3 Occasional Marginal 

4 Reasonably probable Critical 

5 Frequent Catastrophic 

Along with the above table, there are many methodologies and frameworks for the 

identification, prioritizing, and managing of risks. Failure Mode Effects Analysis (FMEA) is 

one of the popular frameworks for risk identification and management (Chapman, 2011). But 

FMEA is less effective for complex failures, in those cases, Fault Tree Analysis (FTA) is used 

(Flinn, 2019). All these frameworks are less effective for the identification and reduction of 

risks while developing a technology (Dewi et al., 2020). Even though there are various 

frameworks and methodologies for the identification and managing risks, a framework for the 

identification of risks and effective risk mitigation planning is needed to increase the maturity 

of the technology along with the different stages of the technology development process. 

Especially in automotive manufacturing industries, the framework to assess the maturity is 

important to successfully deliver the products without any delays and failures. 

A detailed framework is required in automotive industry to identify all the relevant risks in 

detail along the different manufacturing technology development stages which include supply 

chain, workforce, process capability, technology base, industrial base, and other relevant areas. 

This detailed capturing of information at every possible point will help the manufacturing 

technology development team to effectively identify risk and create a detailed risk mitigation 

plan. This will in turn will give a high success rate in achieving the technical objectives and 

business objectives in the manufacturing technology development. The Manufacturing 

Readiness Level matrix satisfies the above-mentioned features in risk management. In the 
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following sections, a framework from the US Department of Defence that fits the above-

mentioned areas is discussed in brief. 

In the above section, the risk management, the overall context to reduce potential risks and 

increasing the manufacturing technology maturity is discussed. In the following section, the 

portfolio management is discussed which is also important in understanding the context.  

2.3 Portfolio management 

In this section, the portfolio management is explained to get an understanding of the area where 

the implementation of MRL matrix should be in the Volvo Group Trucks Operations, because 

Volvo GTO is attempting a switch from stage gate model to MRL framework in its portfolio 

management. 

Every company which is trying to stay competitive in the market will have to continuously 

invest in the research and development of new innovative technologies. A fundamental key for 

the successful implementation of projects and resource allocation is portfolio management 

(Cooper et al., 2000). This will help the company to retain its competitive position in the market. 

The management of the resources allocated in a project is called portfolio management (Cooper 

et al., 2000). The main intention of portfolio management is to give a stream of successful 

products through new technologies, and it helps to form the business strategy of the company 

(Robert, 2000). 

There are several methods in selecting the investment for the projects. In general, the selection 

approaches can be classified into three, (1) economic approach, (2) strategic approach, (3) 

analytic approach (Small, 2006). In the economic approach, the selection decision will be taken 

based on the economic value of the project. It has various methods like Return on investment 

(ROI), discounted cash flow (DCF) method which includes the Net present value (NPV) and 

Internal rate of return (IRR) method, Cost-benefit analysis, and payback method. In a strategic 

approach, the selection decision will be based on the analysis of competitive advantage, 

technical importance and research and development objectives, Comparison with competitors, 

projected future developments. In the analytic approach, which is a hybrid system of economic 

and strategic approaches, the selection decision will be based on value analysis, portfolio 

analysis, and risk analysis. Here, a weighted scoring method also can be used to make the 

decision (Small, 2006). 
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2.3.1 Stage-Gate Model in Manufacturing Technology Development 

Even though this research does not focus on the stage-gate model, to get a better understanding 

of the usage of the MRL matrix in portfolio management, the stage-gate model will be discussed 

in short. 

 

In portfolio management, a larger number of manufacturing companies use the stage-gate 

model for an effective and efficient transformation and implementation of new manufacturing 

ideas into the factory floor (Grönlund et al., 2010). Cooper (2008, p. 2) stated that the “Stage-

gate model has become a popular system for driving new products into the market, and the 

benefits of using such a model require lots of documentation”. The Stage-gate model is a value-

creating process with analyzing the risks involved in the ideas for developing the ideas into a 

new product (Cooper, 2008). The stage-gate model with its decision gates is primarily used in 

the product development process (Wuest et al., 2014). Usually, a complex development process 

takes several years with many challenges in coordination, quality, and risks of the project. A 

stage-gate model guides the development process with clearly defined decision gates which 

will not allow further development without passing the decision criteria (Wuest et al., 2014). 

Based on the benchmarks from different companies Johannesson (2016) has mentioned the 

following factors to be considered in a development process.  

• Customer-driven process: The needs of the customer should be checked in throughout 

the development process. 

• Upfront activities: Detailed analysis of the solutions and the risk involved in it. 

• Go/Kill decision points: Fact-based decisions are made based on the decision criteria 

and the resource needs. 

• Cross-functional team: the successful development of complex solutions needs 

collaboration from different parts of the organization. 

• Top-management involvement: strong support and visible support should be 

demonstrated from top management for an innovative solution. 

The above-mentioned drivers are important for the successful development of the solution and 

also helps in the right allocation of resources through portfolio management. Even though the 

stage-gate model helps in guiding the solution development process through minimizing the 

potential risks, the level of details captured in the stage-gate model in terms of risks is well 
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defined which might cause difficulty in decision making and the successful implementation of 

the solution in the manufacturing environment (Johannesson, 2016). 

 

Interestingly, most of the success drivers and features from the stage-gate model are matching 

with a manufacturing maturity assessment matrix from the US Department of defence. It is 

found that the matrix from US DoD captures maximum details at each decision point which is 

called Manufacturing Readiness Levels (MRL). The automotive manufacturing company 

Volvo Group Trucks is analyzing the benefits and the challenges in the implementation of the 

MRL matrix from the US DoD. The detailed explanation and analysis of the MRL matrix are 

given in the following sections. Currently, Volvo Group Trucks Operations have stage-gate 

models as a practice for its portfolio management. The company is looking for other approaches 

to efficiently handle and assess the maturity of manufacturing technologies. Here, the 

manufacturing readiness level matrix comes into play because it has shown efficient tracking 

of maturity in manufacturing technologies in the defence acquisition process of the US 

department of defence (US DoD). So, this research will help in implementing the MRL matrix 

from the US department of defence to Volvo´s Group Truck Operations portfolio management. 

The MRL framework will be integrated with portfolio management to assess the maturity and 

development activities of the manufacturing technology. The MRL framework will help the 

portfolio management in deciding the resources allocation based on the different levels of 

maturity of the technology which is being developed 

2.4 An Overview of Maturity Assessment 

In this section, the need of maturity assessment is discussed which will give the understanding 

of why maturity assessment of manufacturing technology is important for successful 

manufacturing. 

The manufacturing industries are introducing a large number of innovative solutions but all the 

technologies which are being innovated cannot be implemented on the factory floor. Mankins 

(2009, p. 1208) stated that “Systems that depend upon the application of new technologies 

inevitably face three major challenges during development: performance, schedule, and 

budget”. This is because new manufacturing technologies or innovations should achieve the 

maximum maturity to be implemented in series production. Mankins (2009) explained the 

importance of challenges that will be faced by the system during the implementation of new 
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technologies on the factory floor. This raises the importance of maturity assessments in new 

manufacturing technologies.  

In this research, the researchers mainly focus on the automotive manufacturing industry. In the 

context of the automotive manufacturing industry, the implementation of immature 

manufacturing technology will lead to unexpected downtimes and unwanted losses (Proenca, 

2016). For example, 3D printing technology has the most attention in recent years because of 

the flexibility in manufacturing, but this technology is not mature enough to implement on the 

factory floor and also 3D printing technology is not mature enough to match the cycle time of 

existing manufacturing technologies (Shahrubudin et al., 2019). So, 3D printing technology 

needs development in terms of material strength and reducing the cycle time for series 

production. In metal 3D printing, the usage of laser and metal powder for making the 

component hasn’t matched the strength and stability of components made with existing 

manufacturing technology (Shahrubudin et al., 2019). So, only a matured manufacturing 

technology can be implemented in series production with minimum risks and maximum profit 

(Kosieradzka, 2017). Immature manufacturing technology implementation will not be 

financially sustainable in the manufacturing industry. Kosieradzka (2017) states that to 

implement a particular matured manufacturing technology in series production the current 

status, desired outcome, and techniques should be identified. All these create a need for the 

assessment of the maturity of manufacturing technology. The maturity assessment should not 

be limited to the technology, it should also cover the suppliers, material, process capability, 

cost, and other relevant factors (Mankins 2009). The automotive manufacturing industries are 

looking for methodologies and frameworks to measure maturity by considering the maximum 

details available. The purpose of the assessment of maturity in manufacturing technology is to 

identify potential risks and make plans to reduce those risks. 

 

 2.5 Maturity Assessment in Manufacturing Technology 

The term maturity refers to perfect, ready, and implies that the system is progressing in terms 

of development (Schumacher, 2016). A maturing system increases its performance and 

capabilities over time in achieving a desired complete or ready state. A maturity model or 

assessment is a tool to conceptualize and measure the maturity of the technology or process 

quantitatively or qualitatively against a target state (Schumacher, 2016). The maturity of a 
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process or technology is represented by the cumulative stages where the higher complex stages 

are attained by building the technology or process with the lower stages as the base. Each stage 

involves a set of practices and criteria that indicate whether the processor technology 

implementation will be effective or not (Bento, 2018). Maturity models or assessments enable 

organizations to measure their maturity in their process and also help in taking necessary steps 

to improve them and to make them mature (Rampasso, 2019). Manufacturing strategy involves 

a series of decisions that create a competitive advantage for the company in terms of 

manufacturing systems. The assessment of manufacturing system maturity is an important 

baseline for the creation of a manufacturing strategy. In other words, a manufacturing maturity 

model describes a sequence of stages for assessment of various situations to guide on 

improvement needed areas. The maturity of the manufacturing technology evolves over 

different stages in the maturity model (Vivares, 2018). In this study, we use the Manufacturing 

Readiness Level (MRL) framework in assessing the maturity of the manufacturing technology. 

MRLs are the standardized way to be used for communicating and improving manufacturing 

risks and readiness. The intention of the creation of MRLs is to create a measurement scale that 

would serve the same purpose as the Technology readiness level (TRL) for technologies. MRLs 

were designed in synergy with comparable levels with TRLs for ease of understanding and use 

(Fernandez, 2010). A detailed description of TRL and MRL is discussed in the later sections.  

 2.5.1 Technology Readiness Level (TRL) 

In this section, Technology Readiness Level (TRL) is discussed. Even though, the research focus 

on MRL, an understanding of TRL is needed for getting the complete picture around the 

maturity assessment.  

 

Technology Readiness Level (TRL) is a tool that was developed by National Aeronautical and 

Space Administration (NASA), since the new technologies are risky to implement in terms of 

performance, integration, and reliability (Kim et al., 2004). TRL was created to assess the 

readiness of advanced technologies used by NASA (Kim et al., 2004). The integration of 

technologies that are under development will increase the product cost and also will lead to 

resource loss. Initially, NASA created the TRL with a seven-point scale to measure technology 

readiness, but over time because of continuous refinement, the TRL has been transformed to a 

nine-point scale and also used by other disciplines (Olechowski, 2020). Since technologies are 

subjected to continuous experimentation, refinement, testing, evaluation, and approval for 
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deployment, an technology readiness assessment framework is needed. In the TRL matrix, each 

level can be obtained once the full description of the level has been achieved (Carmack, 2017). 

As per NASA’s version of Technology Readiness Level (TRL), the different levels in the scale 

are listed in Appendix A. 

 

The different levels in the Technology Readiness Level (TRL) became a common standard 

language that can be used across disciplines and organizations in order to effectively 

communicate and assess the risk involved.  The Technology Readiness Levels (TRL) can be 

grouped into key stages in technology maturity as per the U.S Department of Defense 

(Olechowski, 2020).  

 

 2.5.2 Manufacturing Readiness Level (MRL) 

This section explains the Manufacturing Readiness Level (MRL) in detail with the explanation 

of each level. 

 

The manufacturing readiness level (MRL) model was initially created by the US Department 

of Defense (US DoD) for assessing the manufacturing technology risk and readiness (Ferreira 

et al., 2019). Before the MRL matrix, a maturity evaluation was performed which did not use a 

uniform metric to measure and communicate manufacturing risk and readiness. OSD 

Manufacturing Technology Program (2017), states that this created a need for creating a model 

with a quantitative assessment to determine whether these criteria have been met or not. MRLs 

are the standardized way used for communication and improving manufacturing risks and 

readiness. The creation of MRLs is to serve the purpose of a measurement scale for 

manufacturing technologies that would have the same purpose as the Technology readiness 

level (TRL) for technologies (Ferreira et al., 2019). So, MRLs were designed in synergy with 

comparable levels to TRLs for ease of understanding and use (Fernandez, 2010). For moving 

from one level to the next level in manufacturing maturity, the stages range from ‘Feasibility 

Assessment” to “Full-Rate Production Demonstrated”. In simple terms, it describes that the 

stages in the matrix start with the assessment of whether a technology is feasible or not and it 

goes till the full production of a product (Wheeler, 2010).  
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                   Table 2: Manufacturing Readiness Level (U.S. DOD, 2020) 

 

MRL 1 Manufacturing feasibility assessed 

MRL 2 Manufacturing concepts defined 

MRL 3 Manufacturing concepts developed 

MRL 4 Laboratory manufacturing process demonstration 

MRL 5 Manufacturing process development 

MRL 6 Critical Manufacturing process prototyped 

MRL 7 Prototype manufacturing system 

MRL 8 Manufacturing process maturity demonstrated 

MRL 9 Manufacturing processes proven 

MRL 10 Full rate production demonstrated and lean production practices in place 

  

 

As per the Manufacturing Readiness Level (MRL) deskbook from the U.S. Department Of 

Defense, the MRL is carried out for three reasons, they are, (1) for defining the current level of 

manufacturing maturity, (2) to identify maturity shortfalls and associated costs and risks, (3) to 

provide the basis for manufacturing maturation and risk management (planning, identification, 

analysis, mitigation, implementation, and tracking) (OSD Manufacturing Technology Program, 

2017).  A key function of MRL is the assessment of the industry’s capability to manufacture its 

product using the manufacturing technology in two rates of production, they are (1) low-rate 

production which is usually carried out as pilot production, and (2) Full-rate production which 

is carried to satisfy the matured market need. The successful implementation of the 

manufacturing technology in both production rates makes the technology mature. In general, 

Manufacturing Readiness levels (MRL) cannot be more advanced than Technology Readiness 

Levels (TRL) because the manufacturing readiness can be established after the elimination of 

design changes. In order to attain fixed design, the technology should be developed completely 

(Wheeler, 2010). So, this makes the manufacturing readiness depend on technology readiness 

at a certain level. As mentioned in the Technology Readiness Level (TRL), the Manufacturing 

Readiness Level (MRL) also can be grouped into different key stages as listed in Table 2 

(Fernandez, 2010).          
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                                                 Table 3: MRL milestones (Fernandez, 2010) 

 

MRL 1–3 Pre-Concept Development (Invention stage) 

MRL 4 Concept Development 

MRL 5–6 Technology Development 

MRL 7–8 Engineering and Manufacturing Development 

MRL 9–10 Production and Deployment 

 

 

As per the Manufacturing Technology Readiness (MRL) desk-book from the U.S. Department 

of Defence, the different levels in the Manufacturing Readiness Level (MRL) (OSD 

Manufacturing Technology Program, 2017) are explained below. 

 

• Manufacturing Readiness Level 1: manufacturing feasibility assessment 

This level assesses and identifies the potential risks and opportunities in the manufacturing 

system to be implemented for the program objectives (Fernandez, 2010). This level involves 

basic research about the manufacturing system. Overall, the manufacturing feasibility is 

assessed for the program. 

• Manufacturing Readiness Level 2: Manufacturing concepts identified 

This level identifies the possibilities of implementation of new manufacturing concepts to 

achieve the desired outcome. It involves an extensive study of research papers, material, and 

process analysis. This level will check the feasibility and show the risk involved in the 

implementation of new manufacturing concepts (OSD Manufacturing Technology Program, 

2017). 

• Manufacturing Readiness Level 3: Manufacturing concept developed. 

This level creates a proof of concept of new manufacturing concepts through validation using 

analytical and laboratory experiments (OSD Manufacturing Technology Program, 2017). This 

level analyses the materials and processes involved in the manufacturing and also tests with 

prototypes in a laboratory environment (Fernandez, 2010). This exit from this level achieves 

the pre-concept development milestone. 

• Manufacturing Readiness Level 4: Laboratory manufacturing process 

demonstrated 

This level indicates that the technologies are ready for the technology maturation and risk 

reduction phase. Various parameters are considered to reduce the risks involved and also to 

make the manufacturing technology matured (Fernandez, 2010). Some of the parameters 
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involved are manufacturing cost drivers, manufacturability, producibility, quality, skills 

required, special tooling, facilities, etc. By the end of this level, the concept development 

milestone will be reached. The exit criteria for this level is the delivery of Material Solution 

Analysis (MSA). 

• Manufacturing Readiness Level 5: Manufacturing process development  

At this level, the industrial base will be assessed to identify potential manufacturing sources. A 

manufacturing strategy will be created for creating a manufacturing competitive advantage and 

also it will be integrated with the risk management plan (OSD Manufacturing Technology 

Program, 2017). All the laboratory environment demonstrated parameters will be demonstrated 

in the production relevant environment. All the potential improvement areas are identified and 

the development efforts are initiated and will be going on at this level. The projected 

manufacturing cost is created based on a cost model at this level. 

• Manufacturing Readiness Level 6: Critical manufacturing process prototyped 

At the end of this level, the technology development milestone will be reached. The capability 

to produce systems, subsystems to the component in a production environment is analyzed. 

Here, an initial manufacturing approach will be developed. Most of the manufacturing process 

will be defined and fixed with the final decision but still few engineering or design changes are 

ongoing. The preliminary design, production assessment is complete at this point. All the 

components, tooling, materials, personnel skills are demonstrated in the production relevant 

environment with systems and subsystems (OSD Manufacturing Technology Program, 2017). 

The data collected from the demonstration will be compared against the target objectives. On 

completing all these assessments, the Industrial Capability Assessment (ICA) will be 

completed. Key supply chain elements are also identified at this level. 

• Manufacturing Readiness Level 7: Prototype manufacturing system 

At this level, the detailed manufacturing system design will be at the end of completion. The 

material specification is approved and made available for the pilot line (OSD Manufacturing 

Technology Program, 2017). The risk assessment will be ongoing to find potential risk points. 

Manufacturing plan and quality targets are developed. Production tooling and test equipment 

design and development are ongoing, and the validation of special test equipment and 

inspection equipment (STE/SIE) will be compared based on the quality targets.  

• Manufacturing Readiness Level 8: Manufacturing process maturity demonstrated 

At this level, the pilot line capability will be demonstrated which gives a signal for low-rate 

production to be carried out. At the end of this level achieve the engineering and manufacturing 

development milestone. The successful completion of low-rate production will give the 
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manufacturing system to qualify for the full rate production (Fernandez, 2010). The pilot line 

will be tested with a new manufacturing system and ready for low-rate production. The pilot 

line is validated with the special test and inspection equipment according to the validation plans. 

This level will show that the supply chain is established to support low-rate production. 

• Manufacturing Readiness Level 9: Manufacturing process proven 

At this level, there are very minimal changes in the system design and almost everything is 

fixed with the design. As mentioned before the success in the low-rate production makes the 

system ready dot full-rate production. The quality of the low-rate production should meet the 

key tolerances and STE/SIE validations are carried out and refined if necessary. The risk 

assessment associated with the production is ongoing. The cost model for the full rate 

production is developed based on the target achieved in the low-rate production. 

• Manufacturing Readiness Level 10: Full-rate production demonstrated and lean 

production practices in place 

This is the last level in manufacturing readiness and demonstrates full-rate production 

(Fernandez, 2010). This level indicates the manufacturing system and the technology associated 

with it are production ready. At his level, the engineering and design change will be rare, and 

the changes and refinement will continue on the cost and quality side. The full-rate production 

meets the target goals in terms of cost, quality, material, performance, production rate, and 

reliability. The lean and continuous improvement practices will continue to refine the process 

and reduce waste.       

 

In this section, the different levels of the Manufacturing Readiness Level (MRL) are discussed 

with a short explanation of each level.  In the following section, the relationship between MRL 

and TRL is discussed.  

 

2.5.3 TRL and MRL in Practice 

Usually, the manufacturing maturity assessment, and technology assessment are carried out in 

parallel (Ferreira et al., 2019). The manufacturing readiness levels have a certain level of 

dependencies on the technology readiness level. The manufacturing risks can be reduced 

significantly only if the particular technology attains its maturity (Ward, 2011). So, in general, 

the manufacturing process will not be able to mature if the product technology is unstable (OSD 

Manufacturing Technology Program, 2017). The technology and the manufacturing processes 
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are developed separately but due to the industrial needs which have long product timelines and 

the risks involved in the frequent implementation of new technology and manufacturing, it is 

necessary to develop technologies that support the product manufacturing programs. In 

practice, the MRL’s 10-point scale is described as the industrial practice and this approach 

assumes the MRL assessment will begin after the completion of two TRL levels (Ward, 2011). 

The tenth level in the manufacturing readiness which is a continuous improvement can be seen 

as a bit problematic in practice, but this is very specific to industries. As the initial MRL and 

TRL were developed with a focus on aerospace industries, the continuous improvement 

activities in the aerospace sector are separated organizationally from the new technologies. 

These continuous improvements are confusing while combining the established tools for 

continuous improvement in manufacturing with the technology in practice. On modifying the 

basic MRL and TRL, Rolls Royce created Manufacturing Capability Readiness Levels (MCRL) 

using a nine-point scale (Ward, 2011). The most important criteria in the development of 

manufacturing technology are the stability of the technology. The stability can also be termed 

using the quality control term “process capability” which is addressed by both the existing MRL 

and the new MCRL developed by Rolls Royce (Peters, 2015). According to Peters (2015), Rolls 

Royce is using MCRL to support all its implementations of manufacturing technologies. All 

the nine levels in MCRL are directly derived from TRL and MRL (Ward, 2011). All the 

different levels in the Manufacturing Capability Readiness Level are listed in Appendix C. 

    

Steven Peters (2015) states that the manufacturing technology readiness model is developed 

with the reference of MRL from the U.S Department of Defence and the Rolls Royce developed 

Manufacturing Capability Readiness Level (MCRL) model. Steven Peters (2015) developed 

the model which assesses the new or under development manufacturing technology’s readiness 

to perform in series production. This readiness model also includes the MCRLs key features 

which are quality and flexibility. This new readiness model from Steven Peters (2015) which 

is Manufacturing Technology Readiness Level (MTRL), consists of ten levels that combine the 

levels from both MRL and MCRL with including new parameters on the assessment of 

manufacturing technology which are flexibility, an economic assessment which includes 

capacity planning and validating potential Earnings before Interest and Taxes (EBIT). So on 

combining these new parameters, the Manufacturing technology readiness level (MTRL) is 

developed and also tested with two emerging manufacturing technologies which are the 

production of high-performance composites and additive manufacturing (Peters, 2015).  
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The different levels in the Manufacturing Technology Readiness Level (MTRL) assessment are 

mentioned clearly in Appendix C. The different criteria which enable the transition from one 

level to the next level should be determined with a detailed study of the manufacturing 

technology and also the impact of the readiness level on the production system’s performance 

should be studied (Peters, 2015). 

 

In this research, the Manufacturing Technology Readiness Level (MTRL) is taken as a 

reference but for reducing the complexity and confusion, the research question is explained 

with the focus of US Department of Defence’s Manufacturing Readiness Level (MRL) matrix. 

2.6 Risk Factors in Manufacturing  

In this section, the different risks involved with the manufacturing are listed and discussed in 

detail. This will give an understanding of the different factors to be considered in the risk 

reduction in the development of manufacturing technology. 

 

“Risk can be defined as an uncertain event or condition that, if it occurs, can have either a 

positive or negative effect on the project objectives” (Dewi et al., p.3, 2020). In risk 

management, the known risk can be identified and minimized by taking necessary action, but 

the unknown risk can be managed through maintained reserve resources to handle unknown 

risk situations (Dewi et al., 2020). ISO 9001:2015 requires an organization to categorize its 

process output in acceptable and unacceptable output and to determine the risks and take action 

to address risks and opportunities to maximize the output and minimize the risk involved. Based 

on the MRL deskbook and OSD Manufacturing Technology Program (2017), different risks 

associated with manufacturing are listed below  

 

The risks mentioned below are the key risk elements in manufacturing. But over time after the 

refinement of MRL by Rolls Royce included the process capability in MCRL which is a by-

product of quality management was given more importance in addition to the existing nine risk 

factors from MRL. After that with the development of MTRL, it considered three more risks 

which are capability planning, validation of EBIT, and flexibility in the manufacturing 

technology. Even though the MTRL and MCRL identified few more risk factors, this thesis 

analyses the nine different risk factors from the MRL matrix from US DoD for avoiding 

confusion and reducing complexity in the future development for the case company Volvo 
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Group Truck Operations. The risk factors mentioned below in manufacturing are explained 

with considering OSD Manufacturing Technology Program (2017) and Peters (2015).  

  

1. Technology and industrial base 

The analyses the capability of the technologies and industrial support available in the location 

of manufacturing to support the design, development, operation, maintenance, and also 

environmental support (Peters, 2015). This identifies the industrial base issues which affect 

manufacturing technology development. 

 

2. Design 

The stability in the system design minimizes the risk factor. The matured design will have 

minimal changes and also reduce the risk significantly (Peters, 2015). The design risk also 

considers the producibility and maturity of the technology involved. 

 

3. Cost and funding 

This involves the analysis of sufficient funding for developing the manufacturing technology 

and to achieve the desired outcome from the implementation of the matured manufacturing 

technology (OSD Manufacturing Technology Program, 2017). This also includes the cost 

targets, cost modeling, cost analysis, and investment budget. 

 

4. Materials 

This requires the analysis of different materials involved in the implementation of the new 

manufacturing technology for achieving the program objective. This includes the availability 

of basic raw materials, components, semi-finished parts, and subassemblies (OSD 

Manufacturing Technology Program, 2017). Material maturity, supply chain management, and 

material handling are also considered (Peters, 2015). 

5. Process capability and control 

This analyses the repeatability and the affordability in the manufacturing technology in order 

to maintain the design intent throughout the process and products. This also considers the 

modeling and simulation of product and process to minimize the risk, manufacturing process 

maturity, process yield, and production rate. 
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6. Quality management 

This involves the analysis of management effort to control the quality and to make continuous 

improvement in practice. This also includes the supplier quality. 

 

7. Manufacturing personnel 

This analyses the skill required for the working personnel in the engineering and manufacturing 

side to implement the manufacturing technology. This also includes an analysis of the 

availability of skilled labor to support manufacturing. 

 

8. Facilities 

This requires the analysis of the availability of sub-contractors, suppliers, vendors, facilities for 

maintenance and repair (OSD Manufacturing Technology Program, 2017). All these analyses 

will help to reduce the risk significantly on the facilities side. 

 

9. Manufacturing management 

This involves the coordination of all the elements in order to successfully run the production. 

This should translate the design into an integrated system that meets the program goals. This 

includes manufacturing planning and scheduling, material planning, tooling equipment, and 

inspection equipment. 

 

 

In the above literature review section, a complete understanding regarding manufacturing in 

the automotive industry, the advancements in technologies, the complexity in the development 

of manufacturing technologies, the frameworks in portfolio management, and the different gaps 

in the frameworks are clearly described. This section gave a concrete base in understanding 

the benefits and challenges of implementing the Manufacturing Readiness Level matrix from a 

stage-gate model in the portfolio management in the automotive manufacturing industry. In the 

above section, the common risk factors included in MRL, MTRL, and MCRL were discussed. 

Even though this research focuses on the original MRL matrix by US DoD.  The MTRL and 

MCRL are taken as a reference because both of these versions have already adapted to 

automotive industries and new upcoming manufacturing technologies, but the research 

question is analyzed with the base of MRL from the US DoD.  
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3. Methodology 

In this section, methodologies that have been used in this case study are presented. The section 

starts with explaining the research strategy and research approach. The section also explains 

the methodologies adopted for data collection and analysis. Later in this section, validation, 

replication and ethics related to this research are discussed. 

3.1 Research strategy and approach 

Qualitative research has a broad perspective to the study of social phenomena, the topics 

covered in this research will be naturalistic and broad. It is an approach that allows the 

researcher to look into different people's experiences through a set of guided research methods 

(Hennink et al., 2020). Quantitative research involves collecting and analyzing structured data 

which can be represented numerically (Goertzen, 2017). It mainly helps a researcher to know 

about the measurements such as frequencies, percentages, and proportions. Bryman et al., 

(2019) state that qualitative research mainly deals with words while quantitative research 

involves numerical data. 

 

Qualitative research involves collecting, transcribing, and analyzing non-numerical data which 

is collected by the researchers. Different types of data collection methods such as observations, 

interviews, focus groups, surveys can be carried out to collect and analyze data (Bryman et al., 

2019). This research also focuses on getting an understanding of the current usage of MRL 

matrix in manufacturing technology projects at Volvo Group Trucks. So, this involves 

collecting data from individuals who have experience in dealing with MRL matrix. So, a 

qualitative approach is carried out in this research to understand the shortcomings of the MRL 

matrix. This will give a better opportunity to understand the automotive industry´s needs and 

the current issues with the MRL matrix.  

3.2 Research Design 

To answer the two research questions a case study design is used in a manufacturing 

environment. A case study is a detailed and exhaustive analysis of a single case (Bryman et al., 

2019). This design is used to draw conclusions regarding the different criteria which are 
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important for a series production company. This project is mainly focused on the different 

competence areas in an automotive manufacturing unit. The first research question which is 

about analyzing the benefits of the MRL matrix for the effective and efficient management of 

portfolio management is answered by analyzing existing documents from the US Department 

of Defense (US DoD), existing MRL matrix in the company, and the interviews. While 

comparing the data, criteria such as cost, design, design maturity which can be used in a 

manufacturing project are identified. The second research question about whether the MRL 

matrix can be implemented in the automotive manufacturing industry is answered by collecting 

data from documents, interviews and research from existing literature. This simplification of 

the MRL matrix should be mainly done to better suit manufacturing projects. As mentioned by 

Bryman et al., (2019), data collection should be focused more on any research project in order 

to come up with a proper conclusion. Different data collection methods are used for two 

research questions.   

 

                                    Table 4: Data Collection for Research questions 

 

Research Question 

(RQ) 

Internal 

documents 

Interviews Detailed Literature 

study 

MRL matrix by US 

DoD 

RQ 1 
    

RQ 2 
    

 

A data collection method or an approach should be followed in research to answer the research 

questions. Table 3 explains the different data collection approaches for the two research 

questions used in this research.                                

 

The initial stage in this research is to identify the different criteria that will influence the 

manufacturing projects. In order to identify these criteria, different competence areas in the 

automotive industry should be analyzed. The primary data collection method included 

interviews. This gave the researchers a clear idea of different competence areas and criteria to 

be included in the MRL matrix for the automotive manufacturing industries.  
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                                             Figure 3: Data collection method 
 

The literature review included extensive studies about MRL matrix. It also included examining 

the internal documents such as the MRL matrix to analyze the usage of this system in current 

projects. The primary data mainly included semi-structured interviews. According to Bryman 

et al., (2019), a semi-structured interview involves an interview schedule. This schedule usually 

involves an interview guide where the researcher forms a set of questions to be asked by an 

interviewee. In this study, semi-structured interviews are included mainly to better understand 

the MRL matrix, manufacturing environment, and its changes.                                  

3.3 Data Collection and analysis 

In this sub-section, methodologies that have been used for data collection and interviewee 

selection are presented. The section starts with explaining the data collection methods and 

interview guide. The section also gives a detailed description of the interviewees.  

3.3.1 Data collection 

A semi-structured interview offers unique flexibility to address specific dimensions of the 

research question (Galletta, 2013). It creates a space for opening up new studies and new 

approaches. A semi-structured interview offers a great potential to attend to the complexity of 

research (Galletta, 2013). According to Kallio et al., (2016) semi-structured interview format is 

the most used approach in qualitative research because of the flexibility and versatility it offers. 

Questions in semi-structured interviews are prepared before the interview in the form of an 
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interview guide. It allows the researcher to focus on the follow-up questions based on the 

participant´s answers. A Semi-structured interview is carried out using an interview guide in 

this research. The employees from six different competence areas were interviewed to collect 

the relevant criteria required in different projects. These criteria can be parameters that will 

have a major impact on a project such as cost, design, quality, manufacturing management, 

materials, flexibility.  

 

Generally, semi-structured interviews are taped as it mainly consists of open-ended questions; 

it will be hard for an interviewer to follow important data. Semi-structured interviews consist 

of more open-ended questions and are not restricted to a list of questions. In this research semi-

structured interviews are carried out to understand more about the interviewee and collect 

relevant data which can be aligned with the goals of the research. It helped the researchers to 

have two-way communication rather than just a one-way approach. As this research is mainly 

about analyzing the benefits and challenges MRL matrix, it mainly involves collecting data and 

analyzing existing documents. The existing MRL matrix at Volvo Group Trucks has some flaws 

which need further examination to implement and to run the assessment tool smoothly. This 

needs an intensive study of the existing matrix within the company as well as studying the 

different MRL matrices in the automotive industry. This might lead to developing or generating 

a new approach to the existing MRL matrix for the automotive industry. So, developing an 

interview guide to carry out semi-structured interviews would be a better option.  

3.3.2 Interview Guide 

An interview is a guide to lead the interviewers throughout the interview. The process of 

creating an interview guide allows the researchers to better organize and focus on the 

questioning. Generally, an interview plan defines the strategy of the researchers. Interview 

plans come in many shapes, sizes and vary between different interviewees in the same 

organizations. Creating an interview guide helps researchers to open up to different findings 

within the MRL matrix. Initially, an interview guide is prepared by the researchers to have an 

overall picture of the topics that need to be covered in the interview sessions. The interview 

guide involved the background of the participants, details about the current MRL matrix, 

expectations for the future MRL system. This interview guide has led the researchers to form 

more questions during the interviews such as creating questions based on the interviewee´s 

response. The main goal of the interview guide is to lead the researchers to understand the 

different perspectives between participants on a topic. The interview guide consisted of 20 
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questions which can be seen in Appendix D. These 20 questions cover the details of 

interviewees such as designation and their competence area, usage of current MRL matrix 

within their competence area, future expectation of the MRL matrix. Data collection process 

was done with the help of semi-structured interviews and interview guide. Later, the data 

collected through interviews is transcribed in a document and analyzed to find patterns, 

keywords, categories.  

3.3.3 Interviewee Selection  

The interviewees should be selected based on the objectives of the goals of the research so that 

the entire study focuses on answering the research questions (Bryman et al., 2019). The 

participants in this research will mainly be selected based on the purpose of the study. In a 

study, the researcher will be the deciding factor to know what needs to be studied and find out 

the relevant people to get data (Etikan, 2016). Six personnel were interviewed in the research 

in order to get an overall context of the MRL matrix. This is done knowing the research goals 

and it is done purposively and subjectively. Apart from these six formal interviews, nearly ten 

informal meetings were done with the personnel who are working with the existing MRL matrix 

in the case company. This gave the researchers extra contextual information and also relevant 

readings from the US DoD sources such as websites and documents that supported the final 

findings along with the six formal interviews.   

                                             Table 5: Interviewees detailed description 

 

Interviewee Competence areas Role 

A  Powertrain components  Manufacturing Technology Manager 

B  Production Logistics Global logistic development Manager 

C Software and Electrical Engineering  Manufacturing strategy Manager 

D  CAB  Manufacturing Technology Manager 

E  Research and Engineering Technology Transformation Manager  

F  Chassis and Final Assembly  Manufacturing Technology Manager  

 

The interviewee’s roles and their competence areas are listed in table 4. In order to protect 

privacy, the names of the participants are not revealed. Instead, they were named as A, B, C, 

D, E, F. The interviewees were selected from six different competence areas CAB, powertrain 
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components, Production Logistics, Software, and Electrical Engineering, Research and 

Engineering, and Powertrain Assembly. The interview participants were mainly chosen with 

the criteria of having at least 5 years of experience and manager-level positions within the 

company in the relevant competence areas. This led the researchers to interview six employees 

from six different competence areas in the company which led to forming categories based on 

the responses received.  

3.4 Data Analysis  

According to Bryman et al., (2019) thematic Analysis is one of the most common data analyses 

in qualitative research. Thematic analysis is a method for analyzing, organizing, reporting, and 

describing themes in the collected data (Nowell et al., 2017). A thorough thematic analysis can 

provide insightful and trustworthy insights from a data set. Guest et al., (2018, p. 10) stated that 

“Thematic analysis goes beyond just analyzing words or phrases, it mainly focuses on 

describing and identifying both implicit and explicit ideas with the data which are themes”. In 

thematic analysis, the researcher closely examines the data to form themes. In order to develop 

these themes, the researchers focus on analyzing the codes from the collected data. Thematic 

analysis is useful when the research is trying to find people's views, opinions, knowledge on a 

particular topic.  

 

Thematic analysis is used in this research in order to get an overall perspective of the MRL 

matrix from experienced personnel within the automotive manufacturing industry. The 

inductive approach intends to clarify the collected data, where it reduces the describing and 

analyzing process by creating meaning in the complex data (Thomas, 2006). The deductive 

approach mainly focuses on developing and testing existing theories while the inductive 

approach involves developing new theories (Spens & Kovacs, 2005). An inductive approach is 

followed in this research to process the raw data more easily. It reduces the process through the 

development of themes or categories from the collected raw data.  Kiger and Vaprio (2020) 

have suggested six steps to engage with thematic analysis which are familiarising with data, 

generating initial codes, searching for themes, reviewing themes, defining and naming themes, 

and producing the final analysis.  
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3.5 Reliability and Validity 

 

Bryman et al., (2019) stated that reliability and validity are the most important factors in 

establishing and assessing the quality of the research. If the results in a research are consistent 

and the research has accurate representation of the data then it is referred to as reliability and if 

the results of a particular research can be reproduced under a similar methodology, then the 

research is reliable (Golafshani, 2015). While validity represents the true measurement of the 

anticipated outcome (Golafshani, 2015). In qualitative research, the trustworthiness of the data 

depends on some set of factors such as credibility, transferability, dependability and 

confirmability (Morse et al., 2002). This research being qualitative and mainly interviews were 

used to collect data, the interviewees who participated in the research have different 

perspectives. The consistency should be maintained between the collected data and in some 

cases, the interviewees are not sure about a question, and they answered, “not sure”, “cannot 

decide at this stage”, “it depends on the project”. So, in some cases it will be a bit difficult to 

maintain the consistency between the collected interview data. In that case, literature review 

helped the researchers to fill in the gaps and maintain consistency.   

 

Validity in qualitative research refers to the accuracy and truthfulness of a study. According to 

Bryman et al., (2019), there are two parts of validity, which are internal validity and external 

validity. Internal validity refers to the degree of confidence between two or more variables or 

factors that are related to each other. External validity deals with the generalization of the 

research and the extent to which the results can be applied to other situations. Since, this 

research is a case study the results will be mainly focused on automotive industries. Therefore, 

external validity in this research is infirm. But this research could be replicated to other 

industries to some extent as most of the industries are trying to reduce their time to market.      

3.6 Ethical Concerns  

Ethics play an important role in every research and in this research, it will be followed in a 

detailed and planned manner. Ethical issues can arise at any point in a research (Bryman et al., 

2019).  
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According to Wallace and Sheldon (2015), a research should follow four principles of ethical 

conduct, which are listed below: 

 

1. Research merit and integrity: The research should be developed on thorough 

study of literature and use recognized principles of conduct.  

 

2. Justice: Selection, exclusion, inclusion of the research participants should be 

fair. There should not be any unfair selection of participants. 

 

3. Beneficence: The risks involved in the research should be justified. The research 

should be beneficial to the participants in the research.  

 

4. Respect: Privacy, confidentially between people and entities should be 

maintained throughout the research.     

 

As this research is qualitative, consent was taken from the people being interviewed. 

Confidentiality is maintained while collecting data as it involves an automotive company's 

internal documents and data. Data sharing would be a potential ethical issue as the entity does 

not want to share some information with the personnel outside the organization. This would 

also affect the research to a certain level where the discussion should be written carefully which 

will include data that is not confidential.   
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4. Results and Discussion 

In this section, the results are analyzed in accordance with the collected data. This section 

brings up results relevant to each of the collected data and literature addressed in this study. 

Later, the findings from the interview data and from the literature in this research are discussed 

in a detailed manner.  

4.1 Categorization of Key Words 

 

The categorization of keywords is done by analyzing the transcribed interview data. The 

categorization table can be seen in Appendix E. Initially, keywords were identified from the 

transcribed interview data by finding common patterns between the six interviews. Later all the 

keywords were collected, and themes were formed from the collected keywords. The 

categorized themes were given overall themes based on their description. The categorized 

themes from the keywords are competence area operations, this describes the different 

competence area operations within the company; operational success factors involve the 

success factors of a project; baseline describes the specifications of the manufacturing 

technology which is already in use this will become the starting point for more efficient and 

effective manufacturing technologies; technology search describes the different approaches in 

the search of manufacturing technologies; decision prioritization describes, how different 

specifications are prioritized while searching or developing a new manufacturing technology; 

decision influencers describes the factors which influence the decisions while developing a new 

manufacturing technology; difficulties describes the problems faced in the MRL matrix; 

expectations describes the personnel future expectations in the MRL matrix.  

 

These themes were categorized into overall themes such as contextualization, it involves 

competence area operations and operational success factors; Technology look-out specification 

consists of baseline and technology search; Decision-making process involves decision 

prioritization and decision influencers; implementation hurdles involve difficulties and 

expectations. These overall themes explain about various patterns found in the interview data. 
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4.2 Discussion on Identified Themes  

In this section, the abstract view of data is presented which was collected through semi-

structured interviews. Due to the non-disclosure agreement, it will not be possible to reveal the 

interview data. So, the data which was analyzed from six interviews is listed and the outcomes 

are discussed below.  

4.2.1 Contextualization 

In this theme, the interview data is consolidated to give a general background of the 

interviewees and the department where they are working. In this theme, the data related to the 

major reasons that determine the success and failures of the project in most cases within each 

competence area is presented.  

 

Manufacturing technology manager from the powertrain competence area in the global team 

was interviewed. The interviewee handles the advanced engineering research projects and 

works in the Gothenburg team which is handling the entire global powertrain. In the beginning 

of every year, the advancements in the manufacturing technology domain will be analyzed and 

data will be collected from different sources which will help in making decisions on the further 

development of manufacturing technologies. According to manufacturing technology manager, 

people's competence is the most important factor in this competence area that determines the 

success or failure of the development of manufacturing technologies. 

 

“I think the most important thing is you have the resources to do the things. People's 

resources are the most important thing to make things happen. So, a lot of times the 

personnel resources are the most important to make it successful and then we come to 

the time and budget normally is not the biggest issue”. - Interviewee A 

 

Global logistics development manager from the production logistics competence area was 

interviewed. Production logistics competence area covers internal transportation, optimization, 

and material handling. It develops the logistics solution and then a pilot project will be run and 

tested before introducing it to all plants across the globe. According to global logistics 

development manager, commitment from the management is important for the successful 



 47 

development of technologies and also a key person from the local team will increase the success 

rate of the execution in this competence area. 

 

“We need to have a budget, but we also need to have a commitment from management. 

Because if they believe in it then they will find good resources. We may need to have a 

key person, maybe from the local team as well”. - Interviewee B 

 

Manufacturing strategy manager from the software and electrical engineering competence area 

was interviewed. In this competence area, the team will focus on electrical hardware installation 

and packaging. The team works with the technology roadmap to diagnose and verify the 

electrical and software architecture through analyzing the root cause. The interviewee has 

described that the cost to the customer in implementation and the time taken to implement are 

the two factors that decide the success of the project in most cases from this competence area. 

Manufacturing technology manager from the cab competence area was interviewed. The cab 

category teams work on efficiently manufacturing and delivering truck cabs based on the 

demand. In this competence area, people's competency is one of the major factors in the success 

of the projects. 

From the research and engineering competence area, Technology transformation manager from 

the research and engineering competence area was interviewed. The working of this 

competence area cannot be explained clearly since the test which they are doing may not be the 

task for them in the next quarter, basically as mentioned before, this competence area teams 

will bring new technologies within the company. In most cases, the success of the projects is 

based on how the stakeholders are involved and committed to the projects. 

“We will just support and coordinate the overall activities in the plant. we try to see if 

the technology is mature enough to start a pilot in production. so we might not have a 

100% set way of working for this kind of role, yet we will see. So maybe the effort we 

are doing now during the first half of the year might not be exact”. - Interviewee E 

 

Manufacturing technology manager from the chassis and final assembly competence area in the 

manual assembly was interviewed. The successor projects within this area helped the needs of 

the customer. The teams from this competence area work on harmonizing and optimizing the 

assembly line. 
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4.2.2 Technology look-out specification 

In this theme, the interview data for understanding the baseline of manufacturing technologies 

that are already existing in the company is presented because the development or search of new 

manufacturing technologies requires a strong baseline to start with. Here, the interview 

outcomes for understanding the baseline are presented below.  

 

The development of new manufacturing technology cannot be distinguished as product-driven 

and manufacturing technology-driven because it depends on the end design target. Especially 

in the research and engineering areas, manufacturing-driven will have more preference because 

the research and engineering team always look for bringing new technologies within the 

company, all other competence areas focus more on product-driven approaches. In general, the 

innovation will have a balance between manufacturing technology-driven and product-driven. 

A combination of both product and manufacturing-driven approaches will be taken.  

 

“You'll have a very close relationship between product-driven and manufacturing-

driven, and I'm very sure that, from today on we will be much more product-driven. 

Well, we have a much more manufacturing-driven approach right now. All the time we 

need to work with product-driven developments from the product view”. - Interviewee 

D 

“It depends on the design target. If you have a new product need, then you go from a 

product-driven approach. If you have a limitation process and target, then you go from 

the manufacturing first approach. you can separate by doing the first priority, but then 

in the project, they need to go hand in hand”. - Interviewee A 

 

The baseline can be taken from Volvo’s “Master Process” which is a documentation of all the 

different processes in the manufacturing plant with its technical specification and parameters. 

This “Master Process” will be helpful in defining the baseline for the external search or internal 

development of manufacturing technologies. For manufacturing technologies, academic 

collaboration is helpful in searching for new innovative approaches and technologies in 

manufacturing. In the MRL matrix the academic collaborations will happen in levels 1, 2, and 
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3. The search for new manufacturing technology depends on the experience and capability of 

the company. It depends on case to case and the experience of the people in the team. 

 

“We have two main tools, one called Master Process and another one is Technology 

Road Map. The master process is to define the current setup in the factories, and they 

update continuously for harmonization and technology roadmap for keeping track of 

the projects.” - Interviewee F 

 

The new manufacturing technologies cannot be introduced into the factory flow because of its 

technology hype in the industry. A new manufacturing technology can be introduced only if it 

reaches its minimum maturity level because if the manufacturing technology does not mature, 

then it will cause more loss. The manufacturing technology should be developed or chosen 

based on the running cost and also the customer who is going to use it.  

The technology roadmap will help in tracking the strategic goals in the introduction of 

technology development within various areas of operation. In most cases, scanning of 

challenges and problems in the factory floor will be carried out, and then with the help of master 

process for defining the baseline. The technology road map is used for the coordination of 

development of new manufacturing technologies. The development of manufacturing 

technologies starts with the target KPIs. 

4.2.3 Decision-making process 

In this theme, data relevant to understand the possibilities of introducing a quantitative 

weightage model for prioritization and decision-making from the MRL matrix is presented. 

  

In most cases, different weightages and different importance have to be given to various 

parameters. In theory, equal importance to different parameters can be discussed but in reality, 

that is not possible. If two different factors or parameters have equal importance, the outcome 

will have only one priority and other alternatives will also be considered in the outcome, but 

the decision will be mainly based on the experience of the people who handle the project. 

However, in some cases, there are key essential features that have a top priority. So, if one is 

missing, the development should be re-assessed. There is no need to go further if a feature is 
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missing in the development of a new manufacturing technology. A possible example for this 

could be, for manufacturing a car if the first feature has to be validated in the initial phase and 

if that particular feature could not be able to validate, then the whole technology should be 

changed or halted. If the company still tries to implement the technology, it will create less 

functional characteristics of product delivery, which will lead to other losses.  

 

“When you start the development of technology, of course, you always start with the 

translation of your technology in terms of features needed. The most perfect tool is to 

develop, there are features that are key and essential. They are let's say, a top priority. 

So if one is missing, we stop the technology. No need to go further, it's like a new car 

and the first feature you want to validate, but we cannot put the wheel and if we have to 

give up one feature, we will also document why in the end we can still continue to 

develop the technology, but in the end that will be delivered with less functionality”. - 

Interviewee C  

The decision-making process depends on the technology description and customer needs. These 

are the most important factors and the key to the success of most global projects. Mainly, it will 

be a joint decision between the project team and the customer, they will pinpoint the benefits 

of new technology and the trade-offs. The prioritization of parameters mainly depends on the 

Volvo production system, which is an organized production system developed by Volvo for its 

efficient production operations and lean manufacturing. There is no need to fulfill all criteria at 

the same time. It depends on the level of confidence of the project team and the decision-makers 

who have industrial experience as they can determine the negative consequences at an early 

stage. It also depends on the legal requirements on safety and risk factors.   

 

“I don't think we have a really good way to do the prioritization of the parameters. if I 

just look at the KPIs we have some kind of prioritization order. So, we have SQDCEP, 

which is safety, quality, delivery, cost, environment, people. This comes from the Volvo 

production system”. - Interviewee F  

However, creating a generalized model for prioritizing the parameters is difficult, but it can be 

done as a pilot project. Key Performance Indicators play an important role in prioritizing the 

parameters. If KPI´s are considered in this phase a prioritization model can be evolved. In 

general, the prioritization within MRL levels is much more feasible at the early stage, which is 
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at MRL 1, 2, and 3. When approaching MRL 6 which is a key level in the matrix, everything 

should be linked to a certain level of certainty and also to the experience of personnel.  

4.2.4 Implementation hurdles 

In this theme, data related to understand the expectations of the level of details in order to 

implement the MRL matrix efficiently and effectively in an automotive manufacturing industry 

is presented.   

 

The future MRL matrix should be simple, easy to use, and examples can also be provided to 

better understand each level in the matrix. The interviewee participants wanted to measure the 

MRL matrix in terms of the time required to read the description. The MRL matrix should be 

understandable to the user and also language plays an important role. In some cases, pictures 

can also be included which helps the user to understand the MRL level´s instructions better. 

There are different competence areas within Volvo´s Group Truck Operations. Therefore, every 

category has different priorities in the matrix. It is always good if the matrix takes about 15 

minutes to go through all the steps at least for MRL 4, 5, and 6 which would be effective for 

the personnel.  

 

“The matrix takes too much time to go through it. Not for me because I think I 

understand it quite correctly, but for people who have less experience are facing 

issues.  Feedback received from them is that the matrix is too complex to use. The right 

education is needed, and training material is required to make things easy”.  - 

Interviewee C 

 

It is good to have a structure that makes the matrix simple and accurate. So that new personnel 

or junior engineers can understand the matrix easily without raising new questions or doubts. 

The training material needs to be improved so that it can clear the confusions between personnel 

in the company. Appropriate training material can be developed to help the personnel. Huge 

definitions and unfamiliar complicated words in the current matrix create some issues to 

understand the matrix.  
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“Everyone in the company should use the MRL matrix without having more questions 

than they had before. The only idea I have is that one explanation for each level”.  - 

Interviewee D  

“Try to not be so difficult in the way you're describing things because now the matrix 

has a very strange language that usually is not a language that should be used in an 

assessment model”. - Interviewee E 

 

It is better to have one line explanation for each level. If the matrix is too long and complex, 

the users might lose interest in completely understanding the different levels. So, it is always 

better to highlight the key tasks or steps involved to complete the assessment soon. The matrix 

should be simple to use, consistent to use in different application areas, not only for one 

competence area. Sometimes there might be some kind of comparable results between projects. 

After developing the matrix, verification of the matrix is important. In order to verify the matrix, 

different personnel in the company can be contacted and it can be implemented in different 

projects.  

 

“The future matrix should be simple to use, consistent to use, consistent for different 

application areas, not only for powertrain because powertrain compared to cab we have 

different parameters. Sometimes, we might get some kind of comparable results. 

Instead, for today's one-sentence definition, I know the result will not be comparable 

and during the verification of your tool, you need to ask different people with different 

backgrounds because everybody will think differently”. - Interviewee A 

 

Most of the time, the senior users in the company end up in an animated discussion with the 

younger engineers from the plants, as the younger engineers want to implement new technology 

as soon as possible instead of waiting for one year. To be able to get a common understanding 

within the organization, it is better to have a common language that can be used in the MRL 

matrix. So, a right balance between a simple, detailed, and general MRL matrix will be effective 

and efficient.  
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4.3 Findings  

In this section, the findings are listed based on the data analysis from the interviews and from 

the literature study. This section brings up results relevant to research questions addressed in 

this study. In total, six findings were listed below which were related to the research question 

in the later sections.  

4.3.1 Implementation of Manufacturing Technology 

In short: A manufacturing technology should be implemented on the factory floor only when it 

is completely matured.  

As per the discussions in earlier sections, it is evident that mature manufacturing technology 

can only be implemented on the factory floor and manufacturing technologies cannot be 

implemented because of their popularity among people. Kosieradzka (2017) stated that only a 

manufacturing technology which is matured can be implemented in the production. Mature 

manufacturing technology is a manufacturing technology with minimum risk, acceptable yield, 

a controlled margin of error, least downtime, and another set of parameters (Mankins, 2009). 

The parameters in maturity assessment are different for different manufacturing technologies 

but the above-mentioned parameters are general for all manufacturing technologies. The 

implementation of immature manufacturing technology will have high risks in terms of the 

supplier, lead time, downtime, extra cost, yield, amount of scrap, and many more (Proenca, 

2016). It is better to experiment and develop the maturity of the manufacturing technology in 

laboratories and production relevant environments before implementation into the factory floor 

(Kosieradzka, 2017). Interestingly, personnel in the company are interested in experimenting 

and implementing the technologies before they get matured. So, the MRL matrix will help in 

reducing the early implementation with the help of assessing the manufacturing maturity and 

the risk associated with it. The assessment with the MRL matrix will help in identifying the 

hidden risks and drafting a risk mitigation plan for the potential risk (Fernandez, 2010). For 

example, if the company happens to depend on a single material supplier, then the dependency 

of a single material supplier may cause an interruption in the Original Equipment Manufacturers 

(OEM) production. So, this is a high risk in implementing the manufacturing technology. The 

MRL matrix will help in identifying this and helps in creating a risk reduction plan, for example, 

more suppliers can be identified or collaboration with suppliers can be carried to increase the 
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supplier capabilities. So overall, the MRL matrix will help in avoiding the early immature 

implementation of manufacturing technology into the factory floor. 

4.3.2 MRL in Portfolio Management  

In short: The portfolio management of manufacturing companies can adapt MRL instead of the 

stage-gate model because of the level of details captured for making better maturity assessment 

and project decisions. 

In practice, Volvo’s Group Trucks Operations is using stage-gate models in the development 

and assessment of manufacturing technologies, the portfolio management is designed along 

with the stage-gate models. The stage-gate model has milestones and the level of details 

captured in the development and the assessment of manufacturing technologies is less 

(Grönlund et al., 2010). This might affect the success rate of the project during the 

implementation. On the other hand, the MRL matrix is designed to capture maximum details in 

the assessment of manufacturing technology maturity (Wheeler, 2010). At every level, it is 

designed to analyze the different areas at maximum depths to make decisions. The 

manufacturing technology can be moved to the next level in the MRL matrix only if it captures 

the maximum detail and attains the level of maturity mentioned at the particulate MRL level 

(Ferreira et al., 2019). Overall, the MRL matrix is a detailed, expanded version of the stage-

gate model which helps in better portfolio management, better assessment of manufacturing 

technologies, better development of manufacturing technologies, and reduce the associated 

risks  

4.3.3 Difficulties in current MRL matrix  

In short: The MRL matrix by US DoD is not customized for the automotive manufacturing 

industry. 

As the Manufacturing Readiness Level (MRL) matrix created by the US Department of Defence 

(US DoD) for the defence acquisition purpose, the matrix is too heavy in terms of details, 

confidentiality, risk assessments, and decision making. On the other hand, the automotive 

manufacturing industry doesn’t have to consider all the factors with large amounts of details to 

make a decision.  Volvo Group Truck Operations have requirements that are far less than 

needed for the MRL matrix created by US DoD in the assessments of manufacturing maturity. 

Even though both the defence department and the automotive industry have common 
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considerations in the safety aspects, the amount of confidentiality is far less for the automotive 

manufacturing industry. The room for error and the room for innovation is very small in the 

assessment of manufacturing technology for the defence systems (Fernandez, 2010). The 

defence department wants technology that has the least risk associated with it and this makes 

the adaptation to new emerging technologies in defence manufacturing very slow. On the other 

hand, the automotive industry has a larger room for experimentations and greater flexibility in 

introducing new innovations in its manufacturing technology (Cozza et al., 2012). Because of 

the above-mentioned reasons, the MRL matrix by US DoD is created as per defence acquisition 

requirements. So, it is not customized for the automotive industry. The implementation of the 

MRL matrix by US DoD is time-consuming, it requires far more details than needed for the 

automotive manufacturing industry and the usage of difficult language makes it difficult to 

implement the MRL matrix in automotive manufacturing companies like Volvo Group Trucks. 

4.3.4 Understandability of MRL matrix  

In short: The MRL framework by US DoD is complicated and the language used is difficult to 

understand. 

As mentioned in the above findings, the usage of difficult language in the matrix is making 

Volvo Group Truck Operations’ team members feel hard to interpret and understand the matrix 

for achieving the maximum impact from the implementation. Because of the complexity and 

confidentiality, the MRL matrix by US DoD requires a large set of people, and the procedure 

for obtaining, analyzing, and validating the data needs a long chain of command (Fernandez, 

2010). This makes the language used in the matrix more difficult and the information in the 

MRL matrix by US DoD requires detailed reading of other associated documents like Analysis 

of Alternatives (AoA), System Engineering Plan (SEP) (Peters, 2015). So, the words mentioned 

in the MRL matrix by US DoD are difficult to understand because of the complex meaning of 

the terms. 

4.3.5 Customization of MRL matrix 

In short:  The MRL framework by US DoD is general for all the manufacturing areas and not 

customized for the different manufacturing areas of automotive manufacturing. 

As mentioned in the above findings, the MRL matrix by US DoD is designed for all 

manufacturing areas, but it includes associated documentation like Analysis of Alternatives 
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(AoA), Systems Engineering Plan (SEP) (Peters, 2015). These extra relevant documents 

explain the real meaning and help the MRL matrix by US DoD in adapting itself to all 

manufacturing areas. In Volvo’s Group Trucks Operations, as mentioned in the previous 

sections, has five unique competence areas which are working on different areas of Volvo 

Group Trucks. So, without extra documents and explanation, Volvo Group Trucks personnel 

are expecting a simple matrix which is relevant to each and every category of Volvo’s Group 

Truck Operations. A right balance between simplicity and details should be achieved to create 

a common matrix for the entire Volvo’s Group Trucks Operations for easy understanding, the 

common language between different areas within Volvo Group Trucks, and easy 

implementation. At the same time, the level of details in the description of each level in the 

matrix should be self-explanatory for each category in Volvo's Group Truck Operations. 

4.3.6 Adaption of MRL matrix 

In short:  The MRL matrix from US DoD is designed for both internal and external 

communication which includes suppliers, but at this stage Volvo Group Trucks are foremost 

interested to have a framework for internal communications. 

The MRL matrix created by the US Department of Defence (US DoD) is designed for reducing 

risks for the entire defence acquisition (OSD Manufacturing Technology Program, 2017). So, 

it considered both internal and external communication. Internal communication is the transfer 

of knowledge and communication within the organization and external communication is the 

communication with suppliers, contractors, and partners (Kowalkowski et al., 2017). In the 

automotive manufacturing industry, the adaptation to the MRL matrix in the assessment of 

manufacturing maturity is slow and most of the suppliers and partners are not aware of the 

manufacturing technology maturity assessment with the MRL matrix. This makes Volvo’s 

Group Trucks Operations focus more on its efficient internal communication with the MRL 

matrix. In general, the adaptation of frameworks and methodologies among the suppliers is easy 

if the Original Equipment Manufacturer (OEM) is in practice. So, this finding shows that in 

future the MRL matrix will be adapted for both internal and external communication 

 

In this section, the different findings derived from the collected data and the identified themes 

were discussed. The above listed six findings explain the research questions. The relationship 

between the findings and the research questions are discussed in detail in the section below. 
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4.4 Discussion on Research Questions 

In this section, the results and the findings are analyzed in accordance with the research 

questions. This section brings up results relevant to each of the research questions addressed 

in this study. 

 

As mentioned at the beginning of this research, the two research questions which were analyzed 

are listed below. From the data collected from the interviews and the literature review, the 

identified findings clearly address the two research questions. The findings which answer the 

research questions are reorganized and explained below. 

 

RQ1: What are the benefits of using the MRL matrix by US DoD in the automotive 

manufacturing technology risk assessment to increase its maturity?  

 

This research question analyzes the benefits of the MRL matrix for the effective and efficient 

management of portfolio management by analyzing the maturity of manufacturing technologies 

in the manufacturing industry. 

 

As organizations compete for a top place in the market, some factors such as retaining their 

competitive advantage and constantly trying to cut down costs, improving quality become more 

important (Tonia et al., 2005). The profitability and competitiveness of a company are more 

important to be a market leader (Cozza et al., 2012). In this process, maturity models are created 

to assist the industries to improve their internal factors (Mankins 2009). In automotive 

manufacturing industries, these maturity models mainly focus on the new technologies 

maturation to give a better performance and integration of the new technology within the 

company. In recent years, a lot of advancements are being implemented in the automotive 

manufacturing industries (Roblek et al., 2016). This leads to the mandatory implementation of 

maturity models which are more complex and should evaluate the new technology in every 

aspect. During this development phase of a new maturity assessment model that can be adapted 

to new emerging technologies, a number of issues will arise such as the adaptability, complexity 

of the assessment models. The MRL matrix created by the US Department of Defence (US 

DoD) covers all the aspects and captures all the details required to assess a manufacturing 

technology. The main difficulty with the MRL matrix created by the US DoD is its complexity 
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and the level of understandability. A simpler MRL matrix that is easy to understand and adapt 

in the automotive industries will lead to a better outcome and increase the company's 

competitive advantage.       

 

From the data collection and the analysis, it is found that the following mentioned findings 

explain the research question. Implementation of Manufacturing Technology: A manufacturing 

technology should be implemented on the factory floor only when it is completely matured. 

Manufacturing technologies cannot be implemented because of their popularity among people. 

MRL in portfolio management: The portfolio management of manufacturing companies can 

adapt MRL instead of the stage-gate model because of the level of details captured for making 

better maturity assessment and project decisions. 

 

Even though the interviews are carried out to capture the overall understanding of the decision-

making process in the maturity assessment and also in analyzing the benefits of using the MRL 

matrix in the maturity assessment. Based on the above two findings, it is evident that the 

benefits of using MRL matrix by US DoD in the automotive manufacturing technology maturity 

assessment are, it will help in making better decisions because of the in-depth details it captures 

at each level and also have a detailed explanation helps in making an informed decision in 

portfolio management which in return helps in better resource allocation and decision making. 

Overall, the automotive industry personnel does not want to implement a manufacturing 

technology soon, they want a framework that helps to stop or slow down the immature 

implementation of manufacturing technology. 

 

RQ2: What are the challenges in implementing the MRL matrix by US DoD in the automotive 

manufacturing risk assessment to increase its maturity?  

 

This research question addresses the questions on how the MRL matrix can be implemented in 

the automotive manufacturing industry and what are the different hurdles or challenges in the 

implementation of the MRL matrix developed by the US Department of defense in the 

automotive manufacturing industry.  

 

Most of the maturity models mainly focus on process improvement, measurement, and 

characterization (Rampasso, 2019). As most companies are trying to create maturity models for 

new technologies it is mandatory that a particular maturity model should capture every detail 
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and consider all the factors related to new technology. An assessment model which captures all 

the details related to technology is the MRL matrix created by the US department of defense 

(Ferreira et al., 2019). As per the findings, it is evident that the MRL matrix created by the US 

Department of Defence (US DoD) is complicated and the language used is difficult to 

implement in the automotive manufacturing industry.   

 

Based on the analysis and data collection, it is found that the following findings address this 

research question. Difficulties in MRL matrix: The MRL matrix by US DoD is not customized 

for the automotive manufacturing industry. Understandability of MRL matrix: The MRL 

framework by US DoD is complicated and the language used is difficult to understand. 

Adaption of MRL matrix: The MRL framework by US DoD is general for all the manufacturing 

areas and not customized for the different manufacturing areas of automotive manufacturing. 

 

From the above-mentioned three findings, it is evident that the primary challenge in 

implementing the MRL matrix by US DoD in the automotive manufacturing industries is the 

complexity of the MRL matrix from the US DoD. Even though the personnel within the 

automotive industry are aware of the benefits of using the MRL matrix from the US DoD in the 

automotive manufacturing industry, the difficulty in understanding the matrix, the consumption 

of time, and the complex language make it hard for implementation. Customizing the MRL 

matrix from the US DoD as per the requirements of different manufacturing areas of the 

automotive industry will ease the implementation process. 

4.5 Discussion on Sustainability and Ethical aspects 

This section brings up the ethical and sustainability aspects related to this research. This 

section discusses how MRL contributes to the sustainability goals and how MRL is aligned with 

the ethics.  

From this research, the needs, benefits, and challenges in the implementation of a maturity 

assessment matrix from the US DoD in the automotive industry are clearly understood. In the 

sustainability perspective, this research contributes to the UN sustainability goal 12. The UN 

sustainability goal 12 discusses ensuring sustainable consumption and production patterns (The 

Sustainable Development Goals, 2020). In this research, the collected data, it is clearly observed 

that the implementation of this manufacturing maturity assessment matrix, MRL in the 

manufacturing technology development process will streamline the development process and 
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also eliminate the wastage of resources at every point. This can be achieved by collecting the 

maximum amount of details at every point on the nine different threads in the MRL matrix, and 

also by analyzing the feasibility of the success of the manufacturing technology can be done at 

every level (OSD Manufacturing Technology Program, 2017). This analysis will help the 

manufacturing technology development team to decide whether to continue the project with 

more resources or kill the project to save the wastage of resources (Fernandez, 2010). From the 

data collected, it is observed that the manufacturing technology personnel do not want to 

implement new manufacturing technology fast, because it may lead to resource wastage. They 

expect a framework to slow down the implementation speed and MRL will satisfy that 

expectation. So, this MRL matrix is aligned with the UN Sustainability Goal 12 through 

responsible usage of resources in manufacturing technology development (The Sustainable 

Development Goals, 2020). So,0 this MRL matrix will help the United Nations in achieving 

sustainability goals by 2030. 

From an ethical perspective, an engineer from the manufacturing technology development team 

should consider the IEEE code of ethics (Lennerfors, 2019), and the MRL matrix is aligned 

with it. The MRL matrix will help the manufacturing technology development engineers to 

make responsible decisions, but the MRL matrix in this research doesn’t discuss much the 

ethical implication of digitization of manufacturing areas in the automotive industry like 

Industry 4.0, digital twin, and the calculation of carbon footprint. This research focuses mainly 

on analyzing the benefits, challenges, improvement, and simplification of the MRL matrix 

which in turn aligns with industrial ethics.  According to the IEEE Code of Ethics (2021) and 

Lennerfors (2019), an engineer should maintain and improve technical competence, assist 

colleagues and co-workers. This MRL matrix will make the engineers collaborate to deliver the 

maximum value in the development of manufacturing technology. 
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5.Conclusions and Further Research 

This section concludes the study by giving a brief summary regarding aim, motivation and 

results of the study. This section ends with a discussion about the limitation of this study and 

possible areas where future research could be done. 

5.1 Conclusion  

This section gives a conclusion to this study, and it gives a brief summary related to aim, and 

results of the overall research. 

 

One of the key concepts for companies to stay competitive is successful portfolio management 

(Cooper et al., 2000). Manufacturing companies can improve their competitive advantage by 

integrating the MRL matrix in their portfolio management for new technologies. This research 

highlights the benefits of implementing the MRL matrix in portfolio management and its 

challenges in integrating it into the automotive manufacturing industry. The interviews in this 

research added advantage to get an understanding of the overall context related to the portfolio 

management decision-making process and also it addressed the challenges in the assessment of 

manufacturing technology maturity in the automotive manufacturing industry. The data 

analysis in this research has led to assess the possibilities of using a quantitative model for the 

decision-making in the maturity assessment because of the different aspects and preferences in 

the successful implementation of manufacturing technology. Every project in the automotive 

manufacturing industry has its own priorities (Bryde, 2007). So, quantifying different factors 

which shape the maturity of technology is difficult. The prioritization of important factors in 

the maturity model is decided by personnel who have relevant experience in the team. 

Therefore, a quantitative model for decision-making is not feasible.  

 

After understanding the benefits and challenges in the MRL matrix for the automotive 

manufacturing industry with the help of findings, an attempt to create a simpler version of the 

MRL matrix is done without using complicated language. Abbreviations like AoA, MS A, MS 

B, SEP which were mentioned in the MRL matrix by the US DoD were removed to make the 

matrix simpler. The research team at Volvo Group Trucks Operations focuses at a global 

function for manufacturing technology development, dealing  mostly with research and 
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advanced engineering projects, this research team focuses mainly on levels 3,4,5, and 6 in the 

MRL matrix. The above-mentioned levels from the MRL matrix are assessed to get an easy 

understanding without using confusing terms and abbreviations. This has led the researchers to 

create an MRL matrix with levels 3,4,5, and 6. In the appendix G, the rewritten descriptions of 

levels 3, 4, 5, and 6 from the MRL matrix for all the nine sub-threads are given for reference. 

After creating the MRL matrix for the automotive industries, an attempt was made to test the 

new easy and understandable matrix with two project owners from Volvo Group Trucks for 

understanding the possibilities in making the matrix less complicated. Interestingly, the 

simplification of the terms in the MRL matrix by US DoD helps to get a better understanding 

and this can be a possible improvement in the future to make the MRL matrix implementable 

in the automotive industry. In general, the MRL matrix will improve the effectiveness in 

managing the portfolio of manufacturing technologies in the automotive industry; this can be 

achieved if the MRL matrix is simplified and customized for the automotive industry. 

5.2 Limitations and Further research 

This research has analyzed the benefits and challenges in the implementation of the MRL 

matrix by the US DoD in the automotive manufacturing industry. Since the manufacturing 

readiness matrix is an emerging methodology, the research papers are very limited. Because of 

the complexity in the implementation of the MRL matrix by US DoD, many companies are 

customizing and simplifying the matrix to implement in its portfolio management and in the 

manufacturing technology maturity assessments. From the literature review, it is found that 

Rolls Royce and Karlsruhe Institute of Technology, Germany created their own version of MRL 

by taking reference from the MRL matrix by the US DoD. In this thesis, the benefits and the 

challenges of the implementation are analyzed with Volvo’s Group Trucks Operations division. 

As mentioned above, this is a growing topic in the portfolio management and manufacturing 

maturity assessment area, So the research papers are limited and in this research, maximum 

resources were used to conclude the research questions. Another limitation in this research is 

testing the MRL matrix with a simplified description.  

 

An attempt was made to test the MRL matrix by US DoD with the help of a simplified 

description with two project owners from Volvo’s Group Trucks Operations for levels 3, 4, 5, 

and 6 of all the nine threads in the MRL matrix. It is found that the simple description in MRL 

matrix makes each level understandable and it will make the implementation of the MRL matrix 



 63 

easy, but detailed testing of the implementability can only be tested if the researchers travel 

along with a live project for the refinements of the MRL matrix to be used in the automotive 

manufacturing industry. So further research can be carried out by simplifying the language used 

in the MRL matrix by US DoD and test the matrix along with a project from analyzing the 

alternative solutions to full-rate production in the automotive manufacturing industry. 
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Appendix 

 

Appendix A: Technology Readiness Level 

 

                                         Technology Readiness Level (TRL)  

 

TRL 1 Basic principles observed and reported 

TRL 2 Technology concept and/or application formulated 

TRL 3 Analytical and experimental critical function and/or characteristic proof-of-

concept 

TRL 4 Component and/or breadboard validation in laboratory environment 

TRL 5 Component and/or breadboard validation in relevant environment 

TRL 6 System/subsystem model or prototype demonstration in a relevant environment 

TRL 7 System prototype demonstration in a space environment 

TRL 8 Actual system completed and ‘flight qualified’ through test and demonstration 

TRL 9 Actual system ‘flight proven’ through successful mission operation. 
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                                                          TRL milestones 

 

TRL 1-4 Material Solution Analysis 

TRL 5-6 Technology Maturation & Risk Reduction 

TRL 7 Engineering & Manufacturing Development 

TRL 8-9 Production & Deployment 

 

Appendix B: Manufacturing Capability Readiness Level 

 

                    Manufacturing Capability Readiness Level (MCRL) by Rolls Royce 

 

Phase Levels Description 

Technology 

assessment and 

proving 

MCRL 1 Process concept proposed with a scientific foundation 

MCRL 2 Applicability and validity of concepts described and 

vetted, or demonstrated 

MCRL 3 Experimental proof of concept completed 

MCRL 4 Process validated in a laboratory using representative 

development equipment 

Pre-production scale-

up 

MCRL 5 Basic capability demonstrated using production 

equipment 

MCRL 6 Process optimized for capability and rate using 

production equipment 
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Production ramp-up MCRL 7 Capability and rate confirmed via economic run lengths 

on production parts 

MCRL 8 Fully production capable process qualified on all parts 

over significant run lengths 

MCRL 9 Fully production capable process qualified on all parts 

over an extended period (all business case metrics 

achieved) 

 

 

Appendix C: Manufacturing Technology Readiness Level 

 

               Manufacturing Technology Readiness Level (MTRL) by KIT, Germany 

 

MTRL 1 Manufacturing principle described 

MTRL 2 Concept of machinery equipment in series production described; general EBlT 

potential estimated; interaction with material analyzed 

MTRL 3 Manufacturing principle tested (in a laboratory); impact on product design 

described 

MTRL 4 Technology capability proven; a material proven 

MTRL 5 Concept of plant and production line designed (incl. capacity planning); 

suppliers identified; EBIT-potential validated 

MTRL 6 Series capability proven 

MTRL 7 Suppliers and materials certified 
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MTRL 8 Low rate production demonstrated (pilot run) 

MTRL 9 Start off (series) production 

MTRL 10 Overall equipment effectiveness (OEE) at a comprehensive level 

 

Appendix D: Interview Questions 

1. What is your role in the company? 

2. What are your day to day operations of your department? 

3. How often do you implement new/improved technology in your manufacturing 

operations? 

4. Could you please explain a few failures in the implementation and why they failed?  

5. What do you need to make the implementation successful? ( time, budget, etc) 

6. Do you have any prior knowledge in using the MRL system or any other similar matrix? 

7. Whom will you refer to if you have confusion in understanding the current MRL 

system? 

8. How do you usually come up with a baseline for searching for new technology? 

9. What are you understanding between product-driven and manufacturing-driven 

approaches? What do you prefer for being innovative/competitive? 

10. How do you select the important parameters for narrowing down from baseline for 

searching new technology? 

11. What are the most important factors/parameters for your department/category in the 

search for new technology or improved technology? 

12. How will you tackle/tradeoff in order to experiment with new technology for being 

competitive/innovative? 

13. What is your decision-making process when two different factors/parameters have equal 

importance but the new technology fulfills only one? 

14. How will you prioritize the parameters for new technology and existing technology? 

15. How will you give weightage for your priorities with your experience? 

16. Could you please explain the level of detail you expect in the description of each level? 
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17. What is your current practice in the assessment of new manufacturing technologies? 

18. What is the difficulty for you in implementing the MRL levels? 

19. What is our future expectation in the terms of MRL usage? 

20. Do you have any ideas for simplifying the level in MRL? 

 

Appendix E: Categorization of Keywords 

 

Key Words Categorized Themes Overall Themes 

Advanced engineering research projects 

Competence area 

operations 

Contextualization 

Production logistics 

Electrical hardware installation and 

packaging 

Manufacturing and delivery truck Cabs 

Harmonizing and optimizing assembly 

lines 

People competence 

Operational success 

factors 

Management commitment 

Implementation cost 

Implementation time 

Stakeholder involvement 

Key Words Categorized Themes Overall Themes 

Master Process 

Baseline 

Technology look-out 

specification 

Capability 

Experience 

Running cost 

Customer needs 

Academic collaboration 

Technology Search 

Product driven 

Manufacturing driven 

Design target 

Technology roadmap 
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Target KPI´s 

Key Words Categorized Themes Overall Themes 

Team experience 

Decision prioritization 

Decision-making process 

Individual experience 

Technology features 

Functional characteristics 

Customer needs 

Team and individual experience 

Decision influencers 

Key performance indicators 

Team confidence 

Risk factors 

Legal requirements 

Key Words Categorized themes Overall Themes 

Complex language 

Difficulties 

Implementation hurdles 

Understandability 

Time consumption 

Structure 

Irrelevant 

Outcome 

Expectations 

Description 

Easy language 

Clear instructions 

Consistent 

Simple 

Detailed 

Generalized 
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Appendix F: MRL matrix by the US Department of Defence 
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Appendix G: Customized MRL matrix for the automotive industry  

This matrix is an attempt to test the feasibility of implementing the matrix in the automotive industry. It is done by eliminating complicated terms 

and using simplified description in each level  

Thre
ad 

Sub-Thread 
MRL 3 (This level is an 

abstract of levels 1,2 and 3) 
MRL 4 MRL 5 MRL 6 

A
 -

 T
e
c
h

n
o

lo
g

y
 a

n
d

 I
n

d
u

s
tr

ia
l 

B
a
s

e
 

 
 
 

A.1 
Industrial Base 

For reaching this level 3, 
the capabilities and 
capacities of the industrial 
base are identified and 
understood for all 
alternative manufacturing 
technologies in 
consideration. The external 
dependencies and 
availability for all alternative 
manufacturing technologies 
are identified. 

For reaching this level 4, the 
key technologies, components, 
key processes, risks, external 
sources, risks, issues, 
capacities, capabilities, and 
other dependencies for the 
chosen manufacturing 
technology are deeply 
analyzed and documented. 

For reaching this level 5, the 
potential manufacturing 
sources for the chosen 
manufacturing technology are 
identified. External sources like 
sole/single/foreign vendor 
sources and the associated 
risks are identified. The risk 
reduction planning for the 
external sources and 
dependency initiated. 

For reaching this level 6, the 
external partners are identified. 
The foreign/sole/single 
vendors or partners are listed 
and justified. The risk 
reduction plan for the external 
partners is updated. More 
paternal alternative external 
sources/partners are identified 
and listed for reducing risk 

 
 
 

A.2 
Manufacturing 

Technology 
Development 

For reaching this level 3, a 
survey carried    out 
regarding manufacturing & 
quality technologies, 
capabilities that are 
relevant to the potential and 
future needs of all 
alternative manufacturing 
technologies.          
Requirement for use of 
advanced manufacturing & 
quality technology and 
processes for all alternative 
manufacturing technologies 
identified. 

For reaching this level 4, The 
chosen manufacturing 
technology tested in a lab 
environment. Manufacturing 
technology development plans 
initiated for the chosen 
manufacturing technology. 
Manufacturing technology 
development plans for the 
chosen manufacturing 
technology demonstrated in a 
lab environment. 

For reaching this level 5, the 
chosen manufacturing tested 
in a production-relevant 
environment. Manufacturing 
technology development plans 
updated/refined for the chosen 
manufacturing technology in a 
production-relevant 
environment. Manufacturing 
technology development plans 
for the chosen manufacturing 
technology demonstrated in a 
production-relevant 
environment. 

For reaching this level 6, 
systems/subsystems in the 
chosen manufacturing tested 
in a production relevant 
environment. Manufacturing 
technology development plans 
updated/refined for the 
systems/subsystems in chosen 
manufacturing technology in a 
production relevant 
environment. Demonstrated 
manufacturing technology 
development plans for the 
systems/subsystems in chosen 
manufacturing technology in a 
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production relevant 
environment. 

 
 
 
 
 
 
 
 

B.1 
Producibility 

Program 

For reaching this level 3, 
manufacturing producibility 
and feasibility for all 
alternative manufacturing 
technologies assessed to 
ensure that one or more 
manufacturing technologies 
have the potential to be 
affordable, effective, 
suitable, and can be 
developed to provide a 
timely solution. Additional 
analysis such as 
manufacturability, materials 
availability, environmental 
impact conducted for all 
alternative manufacturing 
technologies. A survey 
conducted for alternative 
design concepts. 

For reaching this level 4, 
Chosen manufacturing 
technology assessed for 
capability in a lab environment. 
producibility and 
manufacturability assessments 
of the chosen manufacturing 
technology completed in a lab 
environment. Results from the 
assessments included in the 
Technology Development 
Strategy and used for selecting 
the design concepts. 

For reaching this level 5, 
Producibility and 
manufacturability assessments 
of the chosen manufacturing 
technology completed in a 
production relevant 
environment. Manufacturing 
processes and industrial base 
capability constraints in a 
production relevant 
environment considered for 
design concepts. Chosen 
manufacturing technology 
tested and verified for its 
capability to produce the 
desired output in a production 
relevant environment. Chosen 
manufacturing technology 
assessed for Operations & 
Support in a production 
relevant environment (The 
Operations and Support Phase 
is where a manufacturing 
technology is used and 
supported by users). 

For reaching this level 6, 
Producibility assessments of 
the systems/subsystems 
completed and solutions of 
producibility preferred for the 
chosen manufacturing 
technology. Results from 
producibility assessments 
used to shape/form acquisition 
strategy, system engineering 
plan, Manufacturing & 
producibility plans, and 
Engineering and 
Manufacturing Development 
plan. Manufacturing processes 
and industrial base capability 
constraints considered for 
design choice assessments. 
Producibility improvement 
efforts (DFMA) initiated. 
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B.2 
Design 

Maturity 

For reaching this level 3, 
Technical, life cycle, and 
high-level performance 
requirements for all the 
alternative manufacturing 
technologies are defined 
and evaluated. Tradeoffs in 
the design options 
assessed based on 
experimentation and initial 
Measurements of 
Effectiveness (MOEs). 

For reaching this level 4, form, 
fit, and function constraints 
and manufacturing capabilities 
for the chosen manufacturing 
technology identified in a lab 
environment. System 
Engineering Plan (SEP), Test 
and Evaluation strategy used 
to recognize the need for the 
establishment/validation of 
manufacturing capability and 
management of manufacturing 
risk for the product life cycle. 
Initial Key Performance 
Parameters (KPP) identified 
for the chosen manufacturing 
technology. Chosen 
manufacturing technology 
characteristics and measures 
identified to support the 
required capabilities. 

For reaching this level 5, the 
chosen manufacturing 
technology tested in a 
production relevant 
environment and has sufficient 
lower-level performance 
requirements to proceed to 
preliminary design. All 
enabling/critical technologies 
and components of the chosen 
manufacturing technology in a 
production relevant 
environment identified and the 
product life cycle considered. 
Key Characteristics of the 
chosen design evaluated. 
Product data required for 
manufacturing the chosen 
manufacturing technology 
released. 

For reaching this level 6, an 
allocated baseline established 
for the chosen manufacturing 
technology. Chosen 
manufacturing technology 
features and characteristics 
are defined to support 
Preliminary Design Review 
(PDR). Product data for the 
system/subsystem of chosen 
manufacturing technology in a 
production relevant 
environment released. 
Preliminary design Key 
Characteristics of the 
system/subsystem in the 
chosen manufacturing 
technology identified 
and mitigation plans initiated. 

 
 
 
 

C.1 
Production 

Cost 
Knowledge 

(Cost 
modeling) 

For reaching this level 3, 
Manufacturing costs 
estimated for all the 
alternative manufacturing 
technologies. Initial cost 
models of high-level 
process steps & materials, 
associated risks identified. 

For reaching this level 4, Cost 
estimations refined based on 
the estimated production 
volumes with the chosen 
manufacturing technology. 
Cost model updated with 
identified cost drivers such as 
process variables, 
manufacturing, materials, 
special requirements. 
Associated uncertainties of 
cost drivers quantified. 

For reaching this level 5, 
Related simulations for cost 
modeling identified and tested. 
The cost models updated with 
materials, labor, equipment, 
tooling/STE/SIE, setup, 
yield/scrap/rework, WIP, and 
capability/capacity constraints. 
Cost model simulations 
covering the overall costs of 
the chosen manufacturing 
technology in a production 
relevant environment carried 
out 

For reaching this level 6, Cost 
model simulations carried out 
for the systems, sub-systems 
of the chosen manufacturing 
technology in a production 
relevant environment. Cost 
model updated with design 
requirements, material 
specifications, tolerances, 
integrated master schedule, 
results of system/subsystem 
simulations, production 
relevant prototype 
demonstration. 
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C.2 
Cost Analysis 

For reaching this level 3, 
early cost estimates 
developed for all alternative 
manufacturing 
technologies. Sensitivity 
analysis conducted to 
define cost drivers and 
production development 
strategy (lab to pilot to 
factory). Cost reduction 
strategies identified. 

For reaching this level 4, 
producibility cost risks 
identified for the chosen 
manufacturing technology in a 
lab environment. Initial cost 
analysis and cost reduction 
plans identified and 
documented. Cost sensitivity 
analysis carried out to refine 
manufacturing and quality cost 
drivers, risks, and 
development strategies 

For reaching this level 5, costs 
of the chosen manufacturing 
technology in a production 
relevant environment analyzed 
and developed to achieve the 
target costs. Cost models 
considered regarding the 
decisions of design choices, 
make/buy, capacity, process 
capability, sources, quality, 
KCs, yield/rate, and variability. 

For reaching this level 6, 
systems and subsystems costs 
of the chosen manufacturing 
technology in a production 
relevant environment analyzed 
and developed in order to 
achieve the target costs. Cost 
targets allocated to the 
systems and subsystems of 
the chosen manufacturing 
technology. Cost reduction 
strategies identified. Cost 
drivers for the "Should-Cost" 
model (should cost model: the 
true cost of the chosen 
manufacturing technology 
once all the unnecessary costs 
are 
eliminated) determined. 

 
 
 
 
 

C.3 
Manufacturing 

Investment 
Budget 

For reaching this level 3, 
preliminary manufacturing 
investment budgets 
estimated for all the 
alternative manufacturing 
technologies. Gap closures 
identified using 
manufacturing investment 
budget estimates and 
relevant recommendations 
developed. 

For reaching this level 4, the 
manufacturing technology 
budget developed for chosen 
manufacturing technology in a 
lab environment to reduce 
costs. Risks and issues of the 
chosen manufacturing 
technology budget in a lab 
environment identified. Risk 
reduction plans related to 
manufacturing technology 
budget initiated. 

For reaching this level 5, the 
budget estimated and updated 
for the chosen manufacturing 
technology in a production 
relevant environment. 
Risks/issues identified related 
to budget for the chosen 
manufacturing technology 
within a production relevant 
environment and risk reduction 
plans updated. 

For reaching this level 6, the 
budget estimated and updated 
for the systems/subsystems of 
chosen manufacturing 
technology in a production 
relevant environment. Budget 
risks and issues identified for 
systems/subsystems of 
chosen manufacturing 
technology within a production 
relevant environment and risk 
reduction plans updated. 
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D.1 
Maturity 

For reaching this level 3, 
material properties of all 
alternative manufacturing 
technologies assessed for 
basic manufacturability 
using laboratory 
experiments. Volatility 
assessments performed for 
all the alternative 
manufacturing 
technologies. 

For reaching this level 4, 
chosen manufacturing 
technologies´ materials and 
components finalized and 
tested in a lab environment. 
Testing done to determine 
material properties, 
characteristics, and quality of 
the materials and components 
for the chosen manufacturing 
technologies. Volatility 
assessments performed for the 
materials and components in 
the chosen manufacturing 
technology in a lab 
environment. 

For reaching level 5, the 
materials and components of 
the chosen manufacturing 
technology tested in a 
production relevant 
environment. Material 
production risks of the chosen 
manufacturing technology 
identified in a production 
relevant environment and 
addressed. Volatility 
assessments performed for the 
materials and components in 
the chosen manufacturing 
technology in a production 
relevant environment. 

For reaching this level 6, 
preliminary material and 
components specifications 
done for the 
systems/subsystems of the 
chosen manufacturing 
technology. Material and 
components properties 
characterized in a production 
relevant environment. Material 
and components maturity 
verified through demonstration 
in a production relevant 
environment. 
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D.2 
Availability 

For reaching this level 3, 
the availability of essential 
raw materials, special 
alloys, composite materials, 
and components identified 
for all the alternative 
manufacturing 
technologies. Material 
requirements, external 
dependencies, and 
availability assessed for all 
the alternative 
manufacturing 
technologies. Material 
scale-up issue identified for 
all alternative 
manufacturing 
technologies. 

For reaching this level 4, 
Quantities and lead time for 
difficult-to-obtain and process, 
or hazardous materials 
identified for the chosen 
manufacturing technology. 
Material availability risks and 
issues for chosen 
manufacturing technology 
identified in a lab environment. 
Initial mitigation plans in a lab 
environment developed for 
material availability of the 
chosen manufacturing 
technology. 

For reaching level 5, Risks and 
issues related to material 
availability for the chosen 
manufacturing technology in a 
production relevant 
environment addressed and 
solved. Material scale-up 
issues for the chosen 
manufacturing technology 
identified and addressed. 

For reaching this level 6, 
material availability risks and 
issues in a production relevant 
environment addressed to 
meet the Engineering and 
Development plan. Long-lead 
time identified for 
systems/subsystems of the 
chosen manufacturing 
technology in a production 
relevant environment. 
Materials and components of 
the chosen manufacturing 
technology assessed for risks 
and future risks related to 
manufacturing sources and 
material shortages. The 
identified risks addressed. 
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D.3 
Supply Chain 
Management 

For reaching this level 3, an 
initial assessment of the 
supply chain for all the 
alternative manufacturing 
technologies conducted to 
understand where the 
potential sources of supply 
are, and if there is any 
competition, or other supply 
chain risks. 

For reaching this level 4, 
Survey carried out for potential 
supply chain sources/suppliers 
regarding chosen 
manufacturing technology. 
Supply chain assessment 
carried out for the chosen 
manufacturing technology to 
understand where the potential 
sources of supply are, and if 
there is any competition, or 
other supply chain risks. 

For reaching this level 5, 
Supply chain sources identified 
and evaluated for the chosen 
manufacturing technology. The 
identification and evaluation of 
the supply chain sources 
should be related to a 
production relevant 
environment (production-
related supply chain sources). 

For reaching this level 6, 
lifecycle supply chain (Supplier 
to final customer) requirements 
identified for the chosen 
manufacturing technology. 
potential suppliers list and 
supply chain plans of the 
chosen manufacturing 
technology in a production 
relevant environment updated 
and documented. 

 
 

D.4Special 
Handling (i.e. 

GFP, shelf life, 
security, 

hazardous 
materials, 
storage 

environment, 
ESH, etc.) 

For reaching this level 3, 
Potential regulatory 
requirements, handling 
concerns, 
transportation,etc. for all 
the alternative 
manufacturing technologies 
identified. Special handling 
procedures and concerns 
addressed and 
documented. 

For reaching this level 4, 
Hazardous materials within the 
chosen manufacturing 
technology identified. 
Alternatives for hazardous 
materials in the chosen 
manufacturing technology 
identified and assessed in a 
lab environment. Special 
handling and disposal 
procedures for hazardous 
materials in the chosen 
manufacturing technology 
identified and applied in a lab 
environment. 

For reaching this level 5, 
Special handling procedures 
for the chosen manufacturing 
technology applied in a 
production relevant 
environment. Special handling 
procedure gaps identified and 
updated for the chosen 
manufacturing technology in a 
production relevant 
environment. 

For reaching this level 6, 
special handling procedures 
for the systems/subsystems of 
the chosen manufacturing 
technology tested in a 
production relevant 
environment. Plans/strategies 
to address special handling 
requirement gaps, risks, and 
issues completed for the 
chosen manufacturing 
technology in a production 
relevant environment. Chosen 
manufacturing technology 
assessed for material storage 
and waste handling risks. 
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E.1 
Modeling & 
Simulation 
(Product & 
Process) 

For reaching this level 3, 
the manufacturing 
technology capability gaps 
and the quality gaps for all 
the alternative 
manufacturing system 
concepts in consideration 
are identified using solid 
modeling, finite element 
analysis, simulation 
software analysis tools, and 
other relevant modeling 
and simulation tools. 

For reaching this level 4, The 
manufacturing technology is 
chosen from the alternatives. 
The result from the simulation 
and modeling tools are used in 
choosing the manufacturing 
technology 
which gave the optimum result 
with minimal risk. The 
manufacturing requirements 
and the quality standard 
defined based on the 
simulation data extracted from 
the simulation and modeling 
tools used. 

For reaching level 5, detailed 
modeling and simulation have 
been carried out with the 
chosen simulation tools for 
component, product, and each 
process level. All the practical 
implementation constraints are 
identified to minimize risk at 
the granular level as much as 
possible. 

For reaching this level 6, 
detailed simulation is 
completed in the sub-system 
and system level of the chosen 
manufacturing technology 
alternative to identify the 
constraints in the 
implementation 
and other risks on the system 
and subsystem level. 
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E.2 
Manufacturing 

Process 
Maturity 

For reaching level 3, 
Critical process control 
variables are identified 
using the results from the 
cause-effect relationship 
carried out in the previous 
level. The observed results 
are validated using 
laboratory experiments. 
The validation of the cause-
effect relationship between 
different process control 
variables, process stability, 
and process repeatability is 
done with laboratory 
experiments. 

For reaching this level 4, the 
critical process variable 
identified for the chosen 
manufacturing technology in 
the previous level is assessed 
in detail for its maturity. The 
detailed process capability 
requirement and the 
improvement plans for the 
chosen manufacturing 
technology are created and 
documented. 

For reaching this level 5, 
Similar existing processes 
related to the chosen 
manufacturing technology are 
identified. The process 
maturity of the identified similar 
processes are assessed for 
the pilot line and the 
requirements for the process 
maturity to fill the process 
capability gaps are identified 
for pilot line, LRIP, and FRP. 

For reaching this level 6, The 
similar processes identified at 
the previous level for the 
chosen manufacturing 
technology are tested in 
production relevant 
environment. The data from 
the test is collected and the 
requirements to fulfill the 
capability gap in the process 
are identified and 
theimprovement plan is 
created and initiated for the 
fulfillment of the process 
capability gaps. 
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E.3 
Process Yields 

and Rates 

For reaching level 3, an 
Initial estimation of the 
different manufacturing 
technology alternative’s 
potential material process 
yields and rates has been 
done. Choose the best 
alternative based on the 
process yields and rates. 
Developed estimates of 
yields and rates for the 
chosen manufacturing 
technology. 

For reaching this level 4, the 
current process yield and rate 
assessments are completed 
for the chosen manufacturing 
technology. From the identified 
yield and rate gap from the 
previous level for the chosen 
alternative manufacturing 
technology, the yield, and rate 
gap bridging strategies are 
created and documented. 

For reaching this level 5, from 
the calculated current yield 
and rate for the chosen 
alternative manufacturing 
technology, the target yield 
and rate is fixed for the pilot 
line, LRIP, and FRP. Any 
possible constraints and 
issues for the target yield and 
rate is identified for the pilot 
line, LRIP, and FRP. The yield 
and rate gaps closure plans 
are refined and initiated. 

For reaching this level 6, the 
yield and rates for the chosen 
manufacturing technology are 
tested in the production-
relevant environment. The 
already defined yield and rate 
gap closure plan are tested 
against the target yields and 
rates. The data collected from 
the testing is used to the yield 
and rate gap closure plan to 
refine it to teach the target 
values. 

 
 
 
 
 
 

F.1 
Quality 

Management 

For reaching this level 3, 
the different quality 
management standards 
and requirements to the 
system concepts of the 
alternative manufacturing 
technologies are identified. 
It includes the different 
quality management 
requirements to be met by 
the contractors and 
suppliers as well. Each 
alternative manufacturing 
technology is assessed 
with Volvo’s quality 
management system. This 
will help in choosing the 
right alternative 
manufacturing technology 
with considering the quality. 

For reaching this level 4, the 
quality management 
requirement for the chosen 
alternative manufacturing 
technology is identified, 
defined, and documented. A 
quality strategy for the chosen 
manufacturing technology is 
defined. It includes the 
different quality management 
requirements to be met by the 
contractors and suppliers as 
well as the chosen 
manufacturing technology 

For reaching this level 5, the 
quality strategy created for the 
chosen manufacturing 
technologic at the previous 
level is updated with the 
identified key characteristics of 
the chosen manufacturing 
technology. 

For reaching this level 6, 
Complete the detailed quality 
strategy and plans along with 
the quality management 
system in detail. The quality 
metrics and their measurement 
frequency are updated and 
clearly defined. Any quality risk 
possibilities are identified and 
the quality improvement plan is 
initiated. 
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F.2 
Product 
Quality 

For reaching this level 3, 
the product quality 
requirements, metrics, and 
the frequency of 
measurement of the 
alternative manufacturing 
technologies are defined 
using experiments, 
simulations, and modeling. 
Identify potential solutions 
to reach the product quality 
needs for each alternative 
manufacturing technology. 
Initial risk and other issues 
related to the product 
quality is identified. 

For reaching this level 4, the 
product quality requirements, 
metrics, evaluation system, 
and the acceptable values in 
the product quality for the 
chosen manufacturing 
technology is defined. 
Potential product quality risks 
and the risk reduction plan is 
drafted and documented. 

For reaching this level 5, the 
roles and responsibilities for 
the product quality inspection 
with WIP and final products 
are clearly defined. The 
acceptance test procedures for 
the product quality 
requirements al clearly defined 
and assigned to the 
responsible person. It includes 
a clear description of the 
statistical process control 
consider for the product quality 
for the prototype units. 

For reaching this level 6, 
based on the product quality 
requirements and the key 
characteristics of the chosen 
manufacturing technology, the 
key characteristics 
management system is clearly 
defined. It includes the 
identification of the initial 
product quality requirements, 
acceptance test procedures, 
and work-in-progress and final 
inspection procedures and 
requirements for the 
engineering and manufacturing 
development units. 

 
 
 

F.3 
Supplier 
Quality/ 

Management 

For reaching this level 3, 
the quality management 
system requirements for 
the suppliers are identified 
for all the alternative 
manufacturing 
technologies. This will help 
in choosing the right 
manufacturing technology 
without compromising the 
quality from the supplier 
side. 

To reach this level 4, the 
supplier quality capabilities, 
risks, and issues are identified 
with a list of potential suppliers 
of the chosen manufacturing 
technology. This assessment 
should also include the 
potential sub-tier suppliers. 
The supplier quality 
management system 
requirements is clearly 
understood and documented. 

For reaching this level 5, 
based on the supplier quality 
management system and 
capabilities, the supply base 
quality capabilities and the risk 
involved in it are identified. 
This is carried out for both 
suppliers and the sub-tier 
suppliers 

For reaching this level 6, the 
supplier quality improvement 
plan is defined in detail by 
considering the different risks 
involved. The supply base 
quality improvement plan is 
initiated. The supply base 
quality improvement plan 
should identify and reduce the 
pitfalls in the supplier quality 
management system. It also 
includes sub-tier supplier 
quality management. 
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G.1 
Manufacturing 

Workforce 
(Engineering & 

Production) 

For reaching this level 3, 
Potential workforce skills, 
training, and availability 
requirements for all the 
alternative manufacturing 
technologies identified. 
Workforce skillset capability 
gaps 
identified for all the 
alternative manufacturing 
technologies. 

For reaching this level 4, 
Workforce skill set (technical, 
operational) and production 
workforce for the chosen 
manufacturing technology 
identified in a lab environment 
and documented. Gaps in the 
initial skill set requirement 
identified and relevant 
workforce training material 
developed. 

For reaching this level 5, 
workforce skill sets list updated 
for the chosen manufacturing 
technology in a production 
relevant environment. Training 
material for the chosen 
manufacturing technology in a 
production-relevant 
environment updated. Special 
skills and training requirements 
for the chosen manufacturing 
technology have been 
identified, assessed, 
documented 

For reaching this level 6, 
workforce skill sets list updated 
for the systems/subsystems of 
chosen manufacturing 
technology in a production 
relevant environment. Initial 
skillset plans/strategies 
developed to achieve sufficient 
requirements for pilot line and 
production. 
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H.1 
Tooling/STE/SI

E 

For reaching this level 3, 
the special tooling (ST), 
special test equipment 
(STE), and the special 
inspection equipment (SIE) 
are identified for all the 
alternative manufacturing 
technologies in 
consideration. Alternative 
design for the ST/STE/SIE 
is evaluated to full fill the 
gaps in the facilities. 
Identify the issues and risks 
involved with each 
ST/STE/SIE in terms of 
transportation, handling, 
etc. The capital required for 
the ST, STE, and SIE for 
each alternative 
manufacturing technology 
is evaluated. 

For reaching this level 4, the 
detailed analysis of the special 
tooling (ST), special test 
equipment (STE), and the 
special inspection equipment 
(SIE) are identified for the 
chosen alternative 
manufacturing technology. 
Detailed alternative design for 
the ST/STE/SIE is evaluated to 
full fill the gaps in the facilities. 
Identify the issues and risks 
involved with each 
ST/STE/SIE in terms of 
transportation, handling, etc. 
The capital required for the ST, 
STE, and SIE for the chosen 
alternative manufacturing 
technology is defined. 

For reaching this level 5, 
Based on the ST/SIE/STE 
analysis of the chosen 
manufacturing technology in 
the previous level, the detailed 
action plan adapted to the 
schedule is created to full fill 
the requirements of the 
facilities in terms of 
ST/SIE/STE. 

For reaching this level 6, The 
prototype of the ST/STE and 
SIE is demonstrated in the 
production relevant 
environment. Any equipment 
requirements for ST/SIE/STE 
that needs to be developed are 
identified. The requirements 
description for ST/STE/SIE is 
completed in detail and ready 
to start the development. 
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H.2  
Facilities 

For reaching this level 3, All 
the facilities required to 
implement all the 
alternative manufacturing 
technology are listed, 
analyzed for each of its 
capital requirements. All the 
qualitative and qualitative 
demands like availability, 
design, rate, capacity 
capabilities, types of the 
process required, impacts 
on facilities transportation, 
handling, storage facilities, 
storage equipment is 
analyzed for all the 
alternative manufacturing 
technology. 

For reaching this level 4, All 
the facilities required to 
implement the chosen 
manufacturing technology are 
listed, analyzed for each of its 
capital requirements. All the 
qualitative and 
qualitative demands like 
availability, design, rate, 
capacity capabilities, types of 
the process required, impacts 
on facilities transportation, 
handling, storage facilities, 
storage equipment are 
analyzed for the chosen 
manufacturing technology. 

For reaching this level 5, The 
manufacturing facilities are 
identified of the chosen 
manufacturing technology and 
the detailed development plan 
for the prototype is created. In 
addition to this, the 
planning should include the 
assessment of human factors, 
ergonomics, and safety 
requirements in the 
manufacturing facility for 
manufacturing which is 
personnel, process, and 
equipment. 

For reaching this level 6, the 
manufacturing facilities are 
identified for the product line, 
and a detailed plan is created 
for the development of the pilot 
line. The development plan for 
the pilot build should consider 
the human factor, ergonomics, 
and safety requirements ( 
personnel, process, 
equipment). Complete the pilot 
line build and the testing is 
complete in the production 
relevant environment. 

 
 
 
 
 
 
 

I.1 
Manufacturing 

Planning & 
Scheduling 

For reaching this level 3, 
the manufacturing 
management system 
required for all the 
alternative manufacturing 
technologies is identified. 
The capability gaps in the 
manufacturing 
management system for all 
the alternative 
manufacturing technologies 
in consideration are 
assessed and identified. 
The potential ways to fulfill 
the capability gaps in the 
manufacturing 
management system are 
identified. The 
manufacturing 
management metrics are 
defined. (If needed, 

For reaching this level 4, the 
detailed manufacturing 
strategy with the help of the 
manufacturing management 
system is developed and 
documented for the chosen 
alternative manufacturing 
technology. The risk reduction 
plan in terms of the 
manufacturing strategy is 
developed and scheduled. 

For reaching this level 5, The 
manufacturing strategy for the 
chosen manufacturing 
technology is refined based on 
any new information available 
from the manufacturing 
management system. The risk 
reduction plan for the 
manufacturing strategy is 
initiated based on the 
schedule. 

For reaching this level 6, The 
initial version of the 
manufacturing approach in the 
pilot line, LRIP and FRP are 
developed. The detailed 
documentation of all the 
manufacturing events for the 
successful implementation of 
the chosen manufacturing 
technology is created, which 
includes the integrated master 
plan/schedule, manufacturing 
risk and issue mitigation plan 
for the pilot line, and testing in 
the production relevant 
environment. 
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I.2 
Materials 
Planning 

For reaching this level 3, 
The initial manufacturing 
planning is drafted 
including make or but plan, 
resource requirements, 
facilities, processes, lead 
time. Storage, handling, 
availability, etc. The overall 
manufacturing feasibility is 
assessed for all the 
alternative manufacturing 
technology in 
consideration. It should 
also include the funding 
constraints and other 
constraints in the transition 
to the new alternative 
manufacturing technology. 

For reaching this level 4, The 
requirements of materials and 
other components list are 
created for the chosen 
manufacturing technology. The 
estimates are used for the 
understanding of the 
availability of material, lead 
times, handling, storage 
requirements. Document 
everything in detail. 

For reaching this level 5, The 
make or buy decisions for the 
material and components for 
the chosen manufacturing 
technology is made. The lead 
time due to make or buy 
decision should is considered 
and other material risks are 
evaluated for the chosen 
manufacturing technology. 
Prepare for the production 
consideration plan of pilot line, 
LRIP, and FRP with the make 
and buy decisions 

For reaching this level 6, The 
make or buy decision of most 
materials and companies is 
completed. The materials risks 
and issues are identified, and 
a detailed risk mitigation plan 
is developed. Based on the 
make/or buy decision and the 
other risk considerations, a Bill 
of materials is developed for 
the chosen manufacturing 
technology. 
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