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Frame of Reference 
Blue Whale Group is a high-tech, global manufacturing industry with over 100,000 employees 

located in multiple locations around the world. The company works with clients globally; 

however, seventy percent of the clients are based in North America. The company currently 

serves clients from the automotive industry, healthcare, and aerospace industry. Due to growing 

concerns in the design of complex systems amid a rapidly changing world with many 

uncertainties that may give rise to unexpected or emergent behavior resulting in more challenges 

in the design of complex systems. As a big player in the industry, the upper management is 

concerned regarding the level of preparedness for the future. Also, the company would like to 

position itself to become a leader in the design and manufacturing industry in the next eighteen 

years. 

Erica, a consultant working for the company, has been asked to prepare a report identifying 

potential challenges the company may face in the future. This includes identifying how they can 

continue to meet internal goals and succeed both domestically and globally in design and 

manufacturing in the year 2040. As such, Erica will need to understand what changes will come 

about in the next 18 years, and how those changes will influence business practices, individual 

behaviors, and environmental challenges. Additionally, characteristics of a successful design and 

manufacturing company will need to be identified. The founding members want to understand 

which aspects of their current business practices need to be reinforced, and where 

improvements or changes need to be made. Moreover, Erica will need to define the key research 

challenges that the company will face in 2040 and detail partnerships and technologies that will 

help address those challenges. 

 



 

The World of 2040 
Advances in manufacturing technology offer the potential for an increase in competitiveness and 

economic growth for a company, though the current manufacturing industry has transformed 

the manufacturing industry by integrating several technologies such as artificial intelligence (AI), 

cloud computing, robotics, Internet of things (IoT), cyber-physical systems, big data analytics and 

cyber security to achieve a smart manufacturing industry. By interconnecting machines, devices 

that can control one another all through the life cycle [1], thereby reducing the intervention of 

humans in the manufacturing process while increasing mass productivity and performance but 

failed to manage the growing demand for customization. 

Customer engagement has dominated the business dynamics in the world today [2]. Diversity in 

customer needs has significantly increased with the technological advancements and social 

media revolution on the internet. These are now a driving force for customized products. For 

Blue Whale Group to be the front-runner in the manufacturing industry in the year 2040, mass 

customization should be the focus, in which customers can acquire personalized and customized 

products according to their tastes and needs. Therefore, it is important to leverage the unique 

creativity of human experts to collaborate with powerful, smart, and accurate machines; by 

bringing back the human touch to the manufacturing industry [3]. This will significantly increase 

manufacturing efficiency and create flexibility between humans and machines which aim to 

increase production at a rapid pace. It is imperative for Blue Whale Group to merge the high-

speed and accurate machines with the critical and cognitive thinking of humans to succeed both 

domestically and globally in the year 2040. 

Characteristics of Successful Company in 2040 
With the anticipated and unprecedented level of complexities of engineered systems, and the 

demand for more personalized and customized products. a successful design and manufacturing 

company will need the following characteristics to attain economic growth and be globally 

competitive in the year 2040. 

• Ability to provide more specific products, services, and content to every customer.  

• Ability to meet the demand and deliver products at a faster pace.  

• Human-robot collaborative manufacturing which facilitates the robots and skilled labor 

to work together to produce customized products and services  

• Predictive maintenance ability to reveal and evaluate the uncertainties to estimate the 

manufacturing capacity and availability.  

• Prevention and management strategies that respond to sudden, catastrophic incidents 

that damage life or property. 



• Partnerships with academia and research institutions to translate newly discovered 

scientific principles into cutting edge technology 

• Ability to provide pollution-free manufacturing processes that ensure sustainability by 

reducing waste generation. 

Challenges and Partnership 

Challenges 

Blue Whale Group in 2040 can deliver the most customized services to the customers through 

the human-robot collaborative manufacturing process, but some of the potential challenges 

discussed in this section must be addressed.  

Security: As we move towards a more digitized world, the security vulnerability must be double-

checked in data handling and utilizing cloud services for diverse user and industrial data 

management. Security such as integrity, and authentication [4]. Integrity is a primary concern in 

the perspective of data security as controlling commands and monitoring data will be transferred 

over third-party networks [5]. The authentication of a huge number of different stakeholders 

such as machines, IoT nodes, communication nodes, and collaborative partner nodes is a critical 

requirement to establish mutual trust in the system [6]. 

Ethical Issues: Ethical issues must be considered while offering customized to the customer. 

Ethical issues involved with AI adoption must be considered, thereby avoiding possible 

drawbacks and negative societal impact on its success [7]. 

Privacy: Data is exchanged over the Internet to connect machines with humans, designers with 

other collaborators, and to exchange monitoring and control information. Such data must not be 

visible to malicious users on the Internet to ensure trust in the manufacturing ecosystem both 

physically and virtually [8]. 

Skilled Workforce: The major challenge involved with skill space is inadequate trainers in 

affording proper training to the humans working with collaborative robots. By 2040, the 

requirement for a skilled workforce will be more as well new technologies will grow, leading to 

adequate training for both the trainees and the prospective trainers. 

Compliance: Bringing back man-force to the factory floor may be effective but practical issues 

and compliance in merging the human intelligence with the machine must be contained with 

effective training for both.  

Scalability: Scalability is a significant challenge when making the robots or machines, and humans 

a companion by sharing their workload [9]. Blue Whale Group must be available for offering 

service at any workload, flexible enough to extend and provide a low-latency response without 

any data processing delays.  



Partnerships 
Partnerships In order to meet the challenges, Blue Whale Group will need healthy partnerships 

with a variety of actors. Most importantly , the company will need to partner with universities 

and research institutes. This in turn, will be helpful in addressing the research and technological 

challenges. Novel technology is often derived from a new understanding of the natural world, in 

other words, new scientific principles. Thus, supporting and promoting research and the 

discovery of new scientific principles is a worthy investment. Additionally, university affiliations 

can also serve as a channel for future employees. Blue Whale Group will also need partners within 

the industry. Finally, the company will need to partner with government agencies for regulations, 

standards, laws, and guidelines to help define the path forward for human and robot 

collaboration in the manufacturing industry and to serve as a leader in design and manufacturing. 

Mode of Operation 
To become a leader in design and manufacturing in 2040, Blue Whale Group must focus on mass 

customization with human-collaborative robot manufacturing where humans and robots work 

hand in hand. Collaborative robots are programmable machines but can sense and understand 

human presence. In this context, the robots will be used for repetitive tasks and labor-intensive 

work, whereas humans will take care of customization and critical thinking. 

For Blue Whale to be globally successful in 2040, it must cultivate leaders who are not simply 

defined by their excellence and expertise in the field, but rather by their ability to inspire others 

to pursue a goal larger than themselves. As such, the organizational structure and design 

philosophy of Blue Whale Group must support not only delivering the best product to clients 

but also inspiring others to make a change for the greater good. Leaders must not only have 

professional and financial responsibilities to their clients and employees, but also an ethical and 

moral responsibility to society at large. 

The driving principle of this high-tech global design and manufacturing enterprise must be cloud 

manufacturing. It’s an innovative way to transform the traditional manufacturing model into an 

advanced manufacturing process by incorporating the latest technologies such as cloud and Edge 

Computing, IoT, and service-oriented technologies. In this manner, the designers are allowed to 

place their manufacturing plants closer to the raw material and countries where manufacturing 

cost is lower. Here, the control of the machines in the plant and the operations of the 

manufacturing life cycle, such as service composition and scheduling are handled by the cloud 

[10].  

The monitoring and scheduling facility will serve as regional and global headquarters for Blue 

Whale Group since they will be situated in a few locations around the world. The distinguishing 

features of cloud manufacturing include reliability, high quality, cost-effectiveness, and on-

demand capabilities. In addition, it has a positive impact on the environment as cloud 

manufacturing can eliminate the long-haul delivery requirements of raw materials for the 

manufacturing process. Fig. 1 illustrates the multinational collaborative nature of a typical cloud 



manufacturing environment. Cloud manufacturing allows the designers to protect their 

intellectual components such as design files of manufacturing items by storing them in the cloud 

with robust access control and utilizing the manufacturing resources spread across different 

geographical regions. 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                                            Fig 1: The Cloud Manufacturing environment 

Facilitating Technologies  
Several facilitating technologies such as Edge Computing (EC), Digital Twins (DT), Internet of 

Things (IoT), big data analytics, collaborative robots, 6G, and blockchain are integrated with 

cognitive skills and innovation that can help Blue Whale Group increase production and deliver 

customized products more quickly.  

Edge Computing: The growth of the IoT and the provision of several cloud services have 

introduced a new concept, EC, which enables data processing at the network edge. EC can meet 

the expectations of Blue Whale Group related to latency costs, response time requirements, data 

protection, and privacy [11].  

Source: https://innovationatwork.ieee.org/shipping-
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Digital Twins: A digital replication of a physical system is called a DT. Through IoT devices, the 

data from the physical system are fed to their digital counterpart for simulation. This mapping of 

real-time systems digitally through DT makes it possible to analyze, monitor the digital version, 

and prevent the difficulties before they occur in the real world [12].  

Collaborative Robots: Collaborative robots are robots designed to work collaboratively with 

humans, and this collaboration helps to make human capabilities more efficient, and extremely 

easy to automate for individuals and manufacturing industries than ever before. Collaborative 

robots are usually embedded with sensors and are highly responsive to the detection of 

unpredictable impact, which gives them the ability to stop spontaneously when human workers 

detect any misplaced objects in their path. This tends to make them extremely reliable when it 

comes to safety at work compared to standard industrial robots [13].  

Internet of Things: IoT is a connected link between people, processes, information, and things. 

IoT can provide significant value for the establishment of new opportunities for future 

manufacturing applications [14]. The use of IoT in the manufacturing industries provides an 

opportunity to minimize operating costs by eliminating bottlenecks on communication channels 

and reducing latency.  

Big Data Analytics: Big data analytics represents a large and diverse set of data collected from all 

types of sources. Big Data Analytics tends to play an important role in the manufacturing 

industries to better understand consumer behavior to optimize product prices, focus on 

improving production efficiency and help reduce overhead costs [15].  

Blockchain: Blockchain technology can offer significant value additions in the future Industry by 

enhancing security and privacy of data shared between organizations, individuals, and 

information systems. Centralized management of many diverse connected devices in the future 

Industry is a critical challenge. Blockchain can be used to design decentralized and distributed 

management platforms by enabling distributed trust [16].  

6G and Beyond: With the vigorous growth of smart infrastructure and potential applications with 

current networks, it will not be possible to meet rapidly increasing bandwidth requirements. The 

use of 6G and beyond in the manufacturing industries makes it possible to deliver better latency, 

support high-quality services, as well as extensive IoT infrastructure and integrated AI capabilities 

[17] 

In addition to integrating several latest technologies like IoT, edge computing, collaborative 

robots, 6G and beyond, digital twins, big data analytics, etc. with the machines, the intelligence 

of the humans is needed in Blue Whale Group when making decisions. The human-robot co-

working ability of future industry utilizes the intelligence and decision making of humans, 

supported by key-enabling technologies, helps in achieving mass personalization like never 

before across several sectors 



Path to 2040: Research Issues worthy of Investigation.  
• Research and development on relationship building and organizational behavior 

between humans and collaborative robots. 

• Research and development on ethical issues associated with collaborative robots.  

• Social science research on humans adopting a new way of working  

• Development and implementation of collaborative technology to keep a global 

workforce connected and engaged. 

• Developing a smart, safe, and user-friendly information processing system.  

Research in these areas will need to be conducted in partnership with academic institutions, 

which will support the furtherance of scientific inquiry in terms of human-machine 

collaboration.  
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