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Abstract
The non-ferrous metal industry is one of the most important part in China’s process industry, and has an
extremely important strategic position in national economy. However, in the smelting process of non-
ferrous metal, there still exists many problems: 1) the production process of non-ferrous is long, the
utilization rate of resource and energy is low; 2) the large amount of waste discharge in the production
process has caused prominent environmental protection issue; 3) product homogeneity is serious and the
added value is low. To solve these problems, we constructed a novel intelligent manufacturing mode with
human-cyber-physical (HCP) collaboration and fusion from three aspects: 1) intelligent manufacturing
system with HCP collaboration and fusion, 2) product service system based on ecosystem platform, and
3) sustainable business model, to realize the safe, e�cient and green production for the non-ferrous
metal smelting process. In the case study on the largest copper smelting enterprise in the world, the
digital twin based manufacturing system collaborative platform architecture, product &service system
framework, and sustainable business model canvas are built by the proposed intelligent manufacturing
mode with HCP collaboration and fusion.

1. Introduction
Non-ferrous metals are basic raw materials for developing the national economy and strategic materials
for the national defense and military industries. China's non-ferrous metal production and consumption
ranked �rst in the world for 18 consecutive years. It is a non-ferrous metal power worthy of the name
and continues to grow. As one of the most important part in China's process industry, the non-ferrous
metal industry has strong development momentum and is important for powerful
manufacturing countries with considerable strategic positions. Currently, the main process and
equipment for non-ferrous metal smelting in China are at the advanced level globally, and a relatively
complete modern non-ferrous metal industrial system has been formed(Yuan et al., 2018).

However, as a whole, china is not a strong country in the non-ferrous metal industry, primarily due to the
following problems: 1) the smelting process of non-ferrous metal is long and there is correlation coupling
between different processes, in which manufacturing data &information among the different product,
manufacturing and management domains is separated; 2) the demand of re�ned management and
control with cost, e�ciency, quality and safety as the core is prominent, but production, supply and
marketing are disjointed which directly affects the production e�ciency, energy consumption, material
consumption and pollutant emission of non-ferrous metal smelting; 3) the non-ferrous metals products
are stable in variety, and the demand for personalized customization is important for the downstream
production enterprises, when the products themselves cannot be upgraded through networking or
embedded arti�cial intelligence technology, an intelligent product service platform should be further built
to provide the personalized services for the partners. These problems are related not only to the
manufacturing system, but also to the production system and business model. In order to solve these
problems systematically and comprehensively, we proposed a novel intelligent manufacturing mode with
human-cyber-physical (HCP) collaboration and fusion from three aspects: 1) intelligent manufacturing
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system with HCP collaboration and fusion, 2) product service system based on ecosystem platform, and
3) sustainable business model, to realize the safe, e�cient and green production for the non-ferrous
metal smelting process.

With the development of industrial Internet, big data, arti�cial intelligence and other new generation
information technologies (NGIT), an intelligent manufacturing mode with HCP collaboration and fusion
become possible. In the current digital economy era, the deep integration and fusion between the non-
ferrous metal industry and the NGIT, such as the new generation arti�cial intelligence(Ahmad et al., 2021)
(Haenlein and Kaplan, 2019)(Wu et al., 2020), internet of things (IOT) (Mosenia and Jha, 2017)(Sisinni et
al., 2018), cloud computing(Varghese and Buyya, 2018)(Ren et al., 2019), big data(Iqbal et al., 2020)(Cui
et al., 2020), industrial internet, digital  twin (Tao et al., 2018) and so on, provides a great opportunity for
the non-ferrous metal industry to breed a new intelligent manufacturing mode with HCP collaboration and
fusion, which can solve the above problems and bring new development opportunities to non-ferrous
metals enterprises. 

Combined with the development of information technology and the demand change of manufacturing
mode, this paper discusses a novel intelligent manufacturing mode with HCP collaboration and fusion for
the non-ferrous metal industry in detail. Section 2 discussed the proposed intelligent manufacturing
mode with HCP collaboration and fusion in the non-ferrous metal industry; The manufacturing system,
product and service system and business model in non-ferrous metal industry, which accommodated the
proposed manufacturing mode, are discussed in section 3, 4 and 5 respectively; Next, a case study is
depicted from the largest copper smelting enterprise in the world in section 6, the intelligent
manufacturing mode with HCP collaboration and fusion, manufacturing system architecture, product and
service platform architecture and business model innovation (BMI) process are given to build a
collaborative intelligent manufacturing platform system.

2. An Intelligent Manufacturing Mode With Hcp Collaboration And
Fusion In The Non-ferrous Metal Industry
2.1 Manufacturing mode model

Paul G. Goebel and Yoram Koren mentioned in "global manufacturing revolution" (Koren, 2010)that
"manufacturing mode is a revolutionary integrated production mode in response to changes in social and
market demand.” It is the form or operation mode of manufacturing enterprises in production and
operation, management systems, organizational structures, and technical systems.

Manufacturing enterprises must respond quickly to consumers and markets anywhere in the world to
maintain their global competitiveness. This response comes from three aspects (internal driving forces)
as shown in Fig.1: the product system, manufacturing system, and business model. The integration of
different manufacturing system, business model, and product system produces a different
manufacturing mode to respond the market changes and the social needs. The external driving force of
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each new manufacturing mode is from market demand, social needs, and new enabling technologies, the
new enabling technologies enable the manufacturing mode.

2.2 The development of the manufacturing mode

The digital, networked, and intelligent development of the manufacturing industry is an irreversible trend.
As shown in Fig.2, the manufacturing paradigm has successively gone through mechanization,
electri�cation, digital manufacturing, smart manufacturing, and intelligent manufacturing 2.0(Zhou et al.,
2018).The enabling technologies of mechanization and electri�cation caused the �rst and the second
industrial revolution, respectively. From the digital manufacturing and smart manufacturing to intelligent
manufacturing 2.0, the enabling technologies are mainly from information technology. The development
of information technologies has experienced a data processing era, PC era, internet era, mobile internet
era, the current digital and intelligent economy era. The manufacturing mode is an instance of the
different manufacturing paradigm. In general, the paradigm is abstract, and the mode is more speci�c or
concrete. Each manufacturing paradigm has many kinds of different manufacturing mode, which is
always related to the product development level, market demand and the enabling technologies at that
time.

1. Mechanization manufacturing paradigm

The mechanized manufacturing paradigm mainly refers to the manual manufacturing mode. The
characteristic of manual manufacturing is that individuals complete the design, processing, assembly,
and inspection of products. Thus it is di�cult to complete the large-size production of products.

2. Electri�cation manufacturing paradigm

The electrical manufacturing paradigm mainly refers to a large-scale manufacturing mode, also known
as Ford mass production. Most workplaces are �xed, and a certain process for a part is processed
according to a certain production rhythm for a long period. The production of high-quality standardized
interchangeable parts is the main enabling technology for large-scale manufacturing success.

3. Digital manufacturing paradigm

The digital manufacturing paradigm includes some different manufacturing modes, such as lean
manufacturing, �exible manufacturing, computer integrated manufacturing, agile manufacturing and
contemporary integrated manufacturing accommodated to the enabling technologies, market demand
and social needs at that time.

Lean manufacturing

Lean manufacturing, also known as lean production in Japan, aims to produce high-quality products at a
low cost. This means producing the required products according to the required quantity when needed to
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reduce manufacturing costs and improve product quality. Some management experts also call lean
production “just in time”.

Flexible manufacturing and computer integrated manufacturing

The goal of �exible manufacturing in German and computer integrated manufacturing in USA is to
produce a variety of small-batch parts and products at low cost through computer numerical control
machine tools or robots.

Agile manufacturing and contemporary integrated manufacturing

The goal of agile manufacturing and contemporary integrated manufacturing is to provide users with the
required capabilities and services (personalized products and services) through product lifecycle data
management.

The global manufacturing revolution began in the last decade of the 20th century. Globalization allows
enterprises from different countries worldwide who produce similar products to join the ranks of
competition, greatly intensifying worldwide competition. In this case, the personalized demand of
consumers stimulates personalized production in the manufacturing market. At the end of the 20th
century, global personalized production began to mature. Consumers can actively participate in the
design process of purchasing products and accurately choose goods and services that meet their
requirements by the agile manufacturing mode and contemporary integrated manufacturing mode.

4. Smart manufacturing paradigm

The smart manufacturing paradigm includes some different manufacturing modes, such as the
American industrial Internet, Germany’s Industry 4.0, and China’s Internet plus.

With the proposal of national manufacturing strategies such as the industrial Internet of the United States
in 2012(Aazam et al., 2018)(Boyes et al., 2018), German Industry 4.0(Beier et al., 2020)(Ghobakhloo,
2020) in 2013, and China's intelligent manufacturing 2025 in 2015, society has entered the smart
manufacturing paradigm. Smart manufacturing is a digitally networked manufacturing paradigm. In
essence, it is "Internet plus" manufacturing. It is based on digital manufacturing and
networking, using the industrial internet and industrial cloud technology to realize universal
communication and integration, and has certain intelligence.

The main features of internet plus manufacturing are as follows. First, in terms of products, digital
technology and network technology are widely applied. Second, manufacturing realizes the connection
and optimization of the supply chain and value chain between enterprises. This is obtained through the
data �ow and information �ow of the whole manufacturing system. Third, in terms of service, enterprises
and users realize connection and interaction through the network platform, enterprises grasp the
personalized needs of users, and users can participate in the entire life cycle activity of a product,
extending the industrial chain to provide services such as product health assurance for users. Mass
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customization has gradually become a common mode of development in the consumer goods
manufacturing industry. The remote operation and maintenance service mode has been widely used in
the construction machinery industry. Enterprise production began to transform from product-centered to
user-centered, and enterprise forms also gradually transformed from production-oriented enterprises to
production service-oriented enterprises.

With Cyber-Physical System as its core, German Industry 4.0 digitizes and integrates products,
manufacturing, and services to realize integration and interconnection between enterprises. The United
States' industrial Internet proposes integrating global industrial systems with advanced computing,
analysis, sensing technology, and the internet to reconstruct global industry and stimulate productivity.
Industry 4.0 of Germany and the industrial Internet of America have expounded and advanced the
paradigm and technical route of digitally networked manufacturing.

China vigorously promotes "Internet plus" manufacturing. A number of enterprises are gradually
transforming from internal interconnections to inter-enterprise interconnections while carrying out digital
transformation by forming typical pilot projects. Haier Group has established an interconnected factory
with an intelligent manufacturing execution system as the core, responding to the needs of global users
in real-time and synchronously and quickly delivering intelligent and personalized solutions. Xi'an Aircraft
Industry (Group) Co., Ltd. built the aircraft collaborative development and manufacturing cloud platform,
realizing the collaborative development, dynamic analysis, and elastic allocation of manufacturing
services and resources for 10 research units and more than 60 suppliers. The key to promoting smart
manufacturing in China is promoting and applying large-scale Internet plus manufacturing in the next
stage.

5. Intelligent manufacturing(2.0) paradigm

Digital manufacturing improves the e�ciency and control performance of the production process. Smart
manufacturing's industrial Internet mode adds product lines and extends the service capability of the
product. Germany's Industry 4.0 improves the level of intelligent production processes. China's Internet
plus mode will bring open, equality, interaction, and other network characteristics into the manufacturing
industry, which will reshape the business model of manufacturing enterprises.

In the era of intelligent manufacturing 2.0, manufacturing systems will develop toward an intelligent
manufacturing system with HCP collaboration and fusion. Products and services will be integrated to
form an ecosystem service platform, and the traditional business model will be transformed into a
sustainable business model.

2.3 Intelligent manufacturing mode with HCP collaboration and fusion

As shown in Fig.3, a new intelligent manufacturing mode with HCP collaboration and fusion in non-
ferrous metal industry is constructed. The new manufacturing mode includes three parts: product system
based on ecosystem service platform, sustainable business model and intelligent manufacturing system
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with HCP collaboration and fusion. Sustainable business model consists of three parts: economy,
environment and society; intelligent manufacturing system with HCP collaboration and fusion will have
the ability of intelligent perception, analysis and decision-making, intelligent self-control and self-learning;
product system will be an ecosystem service platform including product related services, process related
services and other third-party services. The intelligent manufacturing system with HCP collaboration and
fusion can improve the utilization rate of resources and energy, reduce the production cost of products
and reduce environmental pollution. Ecosystem service platform can provide value-added services
centered on customers. The sustainable business model examines the company's change towards
sustainable development from three aspects of economy, environment and society.

3. The Intelligent Manufacturing System With Hcp Collaboration And
Fusion
Although there are some differences between a traditional manufacturing system and an intelligent
manufacturing system, their technical mechanisms are the same, and their essence is a HCP system. The
traditional manufacturing system can be regarded as an HPS. The manufacturing system under digital
manufacturing, smart manufacturing, and intelligent manufacturing 2.0 can be divided into HCPS1.0,
HCPS1.5, and intelligent manufacturing system with HCP collaboration and fusion.

3.1 HPS

As shown in Fig. 4, in the traditional manufacturing system driven by HPS, the machine replaced humans
to complete the manual labor portion. At this stage, the information system has not yet appeared, and it
completely depends on the human to operate the machine to complete various tasks. Information
perception, analysis, decision-making, cognitive learning, and other manufacturing system tasks are all
completed by humans, with high requirements and high work intensity. The ability of manufacturing
systems to deal with complex tasks is limited.

3.2 HCPS1.0 and HCPS1.5

Compared with the traditional manufacturing system, HCPS1.0 and HCPS1.5 introduced an information
system. The information system can replace humans to complete part of the brain movement.
Information perception, analysis, decision-making, cognitive learning, and other tasks need to be
completed before being transferred to the information system. Computing and analysis, precision control,
and the system's perception ability have all been greatly improved. As shown in Fig. 5, HCPS1.0 is
characterized by the wide application of information technology such as computers, communication, and
digital control, also known as digital manufacturing.

As shown in Fig. 6, the internet and cloud platforms are important components of the HCPS 1.5
manufacturing system. Information exchange and collaborative integration optimization become the
main contents of this stage.
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3.3 Intelligent manufacturing system with HCP collaboration and fusion

In the prior manufacturing system, such as computer integrated manufacturing system and �exible
manufacturing system, the human-cyber collaboratively make decision as followed: 1) humans
endow knowledge to the cyber system, the cyber system works automatically under humans’ will, has no
self-learning ability and did not generate new knowledge; 2) the human-cyber system collaboratively
participate in the decision-making process in which the cyber system acts as an executor.

Emerging information technologies such as IOT, big data, and arti�cial intelligence, have enabled HCP
collaboration and fusion. The cyber system in the era of big data and arti�cial intelligence can not only
complete part of human control, analysis, decision-making and perception functions, but also has a
certain self-learning ability. Regardless of the stage of manufacturing system, humans always play the
dominant role and are the creators of cyber and physical systems. Humans must grasp the highest
decision-making and operation of the system. The role of humans does not change much when the cyber
system changes.

In the intelligent manufacturing system with HCP collaboration and fusion, the cyber system can
accumulate a large amount of data in the process of knowledge automation and can learn new
knowledge from these data. At this time, a cyber system’s role is similar to a collaborator to support
decision-making because it can generate knowledge independently. Hence intelligent manufacturing
system with HCP collaboration and fusion can be regarded as the real meaning of human-machine
collaborative decision-making and fusion.

As shown in Fig. 7, the intelligent manufacturing system with HCP collaboration and fusion consists of
three parts: 1) the human-machine interface (HMI) and equipment autonomous control system; 2) the
digital twin based Human-Cyber collaborative analysis and decision-making system; 3) the knowledge
graph based Human-Cyber-Physical data fusion system. The HMI & equipment autonomous control
system includes intelligent perception, intelligent analysis and decision-making, intelligent autonomous
control, HMI and the physical system. The digital twin based Human-Cyber collaborative analysis and
decision-making system consists of human-cyber collaborative learning promotion, accurate execution,
independent decision-making and real-time analysis based on the digital twin and the new generation of
AI. The knowledge graph based Human-Cyber-Physical data fusion system provides the fusion methods
for the sensor data, product data, manufacturing data, management data and abstract data respectively
from the physical system, cyber system and human.

1. the digital twin based Human-Cyber collaborative analysis and decision-making

Under the background of large-scale customization, �exible production, part tracking and product self-
awareness of industry 4.0 and communication between machines and other products, �eld equipment,
machines, factories and individual products will be connected to the network. As a key concept of
industry 4.0, CPS can be described as a group of physical devices, objects and facilities that interact with
virtual cyber space through communication network. Among them, each physical device takes its virtual
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cyber as the digital representation of its real device, and �nally forms "digital twin". In cyber physical
system, digital twin is like virtual representation of physical products, which is a digital image containing
all information and knowledge. Through data transmission from physical part to network part, it can
monitor and control physical entities, and physical entities can send data to update their virtual models.
The digital twin model realizes the cooperation between human and cyber in intelligent manufacturing
system. For example, the digital machine twin tool in the �eld of equipment management integrates
manufacturing data and sensing data into digital twin model to improve the reliability and cooperation
ability of CPS.

Therefore, a digital twin model in the nonferrous metal industry is constructed as shown in Fig.8. By
constructing various twin models of information space, such as simulation, mechanism, prediction,
evaluation, optimization and control, HCP coordination and iterative optimization in information space
and physical space can be realized to integrate material �ow, energy �ow and information �ow, and to
improve the intelligent degree of manufacturing system.

The resource layer represents the bottom part of the stack. Resources include physical entities such as
design and construction drawings, product process documents, raw materials, manufacturing equipment,
production workshops and factories, as well as energy sources such as electricity and gas. Human can
also be regarded as a part of resources. The resource layer represents the boundary of a large amount of
data collection and control, and also represents the software and hardware adapters connected to the
machine, which are necessary to communicate with the upper layer.

The link layer provides communication and data connection services, including cloud infrastructure,
cloud services, cloud storage and network hardware.

The data layer represents the data communication with the resource layer. All kinds of resources from
different domains, such as product, manufacturing and management, have their own virtualization state.
This virtualization is supported by a database instance. The database instance is constructed to receive
real-time stream data from resources. The driver written on this data layer can communicate with the
exclusive interface of a single machine. The knowledge map of different domains in the data layer is
used for data analysis and fusion, and the heterogeneous data of product, manufacturing, management
and other subject domains is integrated to facilitate higher-level system call.

The model layer provides different model views of all kinds of resources, and provides resource location,
status, simulation, mechanism, optimization evaluation, etc. to support collaborative optimization and
decision-making of manufacturing system.

The function and service layer provides a variety of speci�c applications.

2. the knowledge graph based Human-Cyber-Physical data fusion

In the intelligent manufacturing system of non-ferrous metal industry, the data is from the products,
production and management domains, in which the data storage structures are not the same. It is di�cult
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to realize data sharing and fusion, and to mine the relationship between different domain data, and to
support the cross layer and domain collaborative optimization of business process.

The multi domain data of manufacturing system can be divided into human-related data, cyber system
related data and physical object related data. Among them, human (human resource) has the advantage
of incomplete information based decision-making ability and the disadvantage of poor ability to acquire
deep knowledge, cyber system has the advantage of processing massive data and the disadvantage of
poor ability to process incomplete information, physics system has the advantage of strong execution
ability and the disadvantage of lack of strong data processing ability. How to effectively integrate these
three types of heterogeneous data, build enterprise data space, realize data cross domain interconnection,
and improve the utilization rate of data are some urgent problems to be solved.

Knowledge graph is often used to fuse multi-source data, which can consider the association and
characteristics between multi-source data. A knowledge graph based Human-Cyber-Physical data fusion
framework is constructed to provide technical support for cross layer and domain collaborative
optimization and decision-making, and data fusion. As shown in Fig. 9, there are three steps to build the
knowledge graph: 1) human-cyber-physical object data acquisition; 2) human-cyber-physical knowledge
extraction; 3) human-cyber-physical knowledge storage.

3. The human-machine & human-cyber interface

In nonferrous metal industry enterprises, decision-makers of remote management realize human-cyber-
machine interaction through voice user interface, graphical user interface, dialogue user interface, touch
interactive interface and three-dimensional interactive interface.

4. The Product And Ecosystem Service Platform
With the repaid development of information technologies, the product system has undergone profound
changes. Digital technologies, such as IOT, internet, data analysis and arti�cial intelligence, enrich the
functions of products, turn products into intelligent product and service system, and open up new
markets. Intelligent product and service system has acquired increasing collaboration and response
speeds and can be transformed into a product and ecosystem service platform. A product is a
commodity for sale, and a platform is an infrastructure to support the interaction between different
participants.

The transformation from simple passive products to intelligent product and ecosystem
service platforms means that the equipment and software manufacturing industry has undergone
structural changes. Successful service platforms will produce a network effect, and the value of the
platform will be added with increases in the number of users and usage. With the participation of users,
the "economies of scale of the supplier," which originally depended on expanding the scale of
manufacturing, supply chain, procurement, and distribution, will be transformed into "economies of scale
of the demander," which depends on the number and usage of users.
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Product manufacturers need new technologies and services to deliver the �nal services and maximize the
value. To cooperate with multiple ecosystem partners, few companies can independently provide all the
components, software, and services that match the hardware products. For example, the situation of
Nikon (independent development) vs. ASML (Advanced Semiconductor Material Lithography) in the �eld
of lithography, where the latter has achieved great success in the industry. Enterprises must integrate into
each other's ecosystem or original products, integrate products into platform, ecosystem, or service
solutions, and sell them in the form of a service.

4.1 Change product structure from mechanical parts to digital accessories

The change of the source of value creation requires manufacturers to transform their products
fundamentally. Decades ago, the value source began to change, and the proportion of software in terms
of product value was rising. It is expected that the speed of this transfer will move increasingly faster in
the digital process. As shown in Fig. 10, at present, the distribution of product value sources is as follows:
40% software, 30% electronic devices, 20% mechanical parts, and 10% digital accessories. Digital
accessories generally have the following arti�cial intelligence functions: machine learning, intelligent
voice assistant user interfaces, natural language processing and collecting, processing, and analyzing
large amounts of data. It is estimated that the future value sources are 20% software, 5% electronic
devices, 5% mechanical parts, and 70% digital accessories, which are needed to carry on the fundamental
transformation of the product.

As shown in Fig. 11, in the past, products were functional, and their structures included mechanical,
electronic, and software parts. In the future, products will be experiential. In addition, there are data,
services, user interfaces, and other parts that can allow the products to craft user-centered intelligent
services.

4.2 Integrating products and services into an ecosystem service platform

Many products have a certain degree of intelligence, which greatly improves the user experience. When a
product improves its intelligence, connectivity, and experience, user perceptions will also change. With the
emergence of increasingly intelligent products, the economy dominated by product performance will
gradually change to an economy dominated by experience. Experience is tailor-made for everyone and is
based on the sum of all interactions between consumers or enterprise users and companies providing
products, services, or brands, with a high degree of personalization. Therefore, the experience is more
di�cult to design than the product itself, which often requires the full participation of users.

As shown in Fig. 12, the vertical axis describes the product change process from focusing on the function
to the service and experience. In the beginning, the company relied on value-added services to expand the
production of products. These services can be basic services such as quality assurance and product
support or more complex services such as data services based on internet products. In the process of
changing to the "product as a service" model, which focuses on services rather than outputs, there has
been a substantial change, that is, enterprise has changed from selling transactional products and
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services to marketing transactional products and services to design, sell and support an end-to-end user
experience. Some companies will experience more signi�cant change as they develop their products into
a platform to connect with many ecosystem partners. Among them, customer experience and customer
service should not be confused. Customer service is expected to help customers solve problems, submit
complaints, provide feedback, or request certain content. The customer experience is more proactive and
continuous. If the enterprise has reliable products and services, especially if it has a strong customer
experience, it may not need too many customer service activities.

The horizontal axis re�ects the development of product technology, from traditional product, internet
product to autonomous product. Traditional products are connected to the network by adding sensors
that generate and transmit data to form internet products or embedded in arti�cial intelligence to form
smart or autonomous products. In this process, the product architecture and development process will
undergo fundamental changes.

Traditional products and basic internet products: the vast majority of products need to be improved in
their connectivity and user experience to enter the new value space.

Internet product as a service: it transforms from a transactional hardware sale model to an "as a service"
business model. that is, the service mode can immediately improve the product experience.

Intelligent products: arti�cial intelligence technology is widely used into intelligent products either as an
embedded function or is applied by the edge and cloud network.

Intelligent service: intelligent service combines intelligent product and service as a business model. With
the advent of arti�cial intelligence, large-scale customized and personalized services will become a
reality, which will improve the value for individual users or customers.

Ecosystem platform: an ecosystem platform will completely change the business model. Whether it is to
build a platform or use a third-party platform to provide intelligent products or services, it can bring value
creation.

5. The Sustainable Business Model Innovation
The new generation information technology promotes enterprises to change their production system and
manufacturing system. These changes can reduce costs and increase e�ciency for an enterprise which
maintains its competitive advantage and seizes new opportunities. However, these changes cannot
ignore the evolution of value creation. To better realize the transformation on the enterprise strategic level,
we need to analyze this process from the perspective of business model innovation (BMI).

5.1 Business model concept

1 The de�nition of a business model
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For many years, the business model has been regarded as an indispensable tool in business activities,
outlining the process of enterprise value creation. Although much research(Keiningham et al., 2020)
(Laukkanen and Tura, 2020)(Savolainen and Collan, 2020) has been done on business models, the
research in this �eld is still in its infancy. Thus far, there is no consistent de�nition for a business model.
These studies use different terms to describe the elements of a business model, including market
segmentation, value proposition, value chain structure, value acquisition mechanism, and the relationship
between the elements(Saebi et al., 2017). Most business model de�nitions are consistent with Teece's:
business model is "the design or architecture of the value creation, transmission, and acquisition
mechanism it adopts"(Teece, 2010).

2 Business model canvas

The business model canvas is the most commonly used form proposed by Alexander Osterwalder and
Yves Pigneur(Osterwalder et al., 2010) to draw an enterprise business model. It is a common language
used to describe, visualize, evaluate, and change a business model. As shown in Fig. 13, the business
model canvas consists of nine basic building blocks, covering four aspects: customer, provision
(product/service), infrastructure, and �nancial viability. It can easily describe and use the business model
to build new strategic alternatives. The economic business model canvas aims to analyze the business
model from an economic point of view.

As shown in Fig. 14 and Fig. 15, Joyce et al. (Joyce and Paquin, 2016)extended the business model
canvas proposed by Osterwalder et al. by adding the social layer and the environmental layer, the social
business model canvas is used to represent the relationship between stakeholders and enterprises, and
the environmental business model canvas is used to represent the environmental bene�ts of enterprises
and the impact of products on the environment in the whole life cycle. These three kinds of business
model canvas are the tools for enterprises to change their business model for sustainable development.

5.2 BMI 

BMI is often referred to as a process designed to reduce costs(Wirtz et al., 2016), optimize processes,
enter new markets or improve �nancial performance(Foss and Saebi, 2017). Compared with product and
process innovation, BMI is a systematic change that affects the value proposition of enterprises and how
value is generated. Some studies(Li, 2020)show that BMI is more successful than product or process
innovation. Generally, enterprises with the best BM dominate the market rather than leading technology
solutions(Chesbrough, 2010). The development of the BMI process is usually related to changes in
the competitive environment or the emergence of new enabling technologies. New enabling technologies
will have a subversive impact on their industry, resulting in new models, new ecology, and new
development opportunities, bringing new pressure and challenges to enterprises. Generally, enterprises
that seize the opportunity for transformation will achieve great success, while enterprises that ignore the
change are easily surpassed and eliminated.



Page 14/37

At present, most of the research on the impact of new enabling technologies on business model change
is about Industry 4.0, which was �rst proposed by Germany. It aims to use an IOT information system to
digitize intelligent supply, manufacturing, and sales information in production and �nally realize a fast
and effective personalized product supply (Frank et al., 2019). Industry 4.0 can improve the production
e�ciency of enterprises. Optimizing the manufacturing system which can achieve the minimum resource
and energy inputs while maximizing output and reducing costs in production, logistics, and quality
management(Rojko, 2017). Industry 4.0 can also change the form of products, turning products into
smart products(Ślusarczyk et al., 2019). It can connect with users and obtain users' data, providing
personalized or customized services for users. In addition, users can actively participate in the product
design process. Some studies summarize the types of BMI in manufacturing Industry 4.0. Dorleta(Ibarra
et al., 2018) divides the BMI of enterprises through Industry 4.0 into incremental innovation and
fundamental innovation. Incremental innovation includes internal and external process optimization and
customer interface improvement, while fundamental innovation includes new ecosystem and
value networks and intelligent products and services(Beverungen et al., 2019). From the perspective of
value creation, these innovations can be summarized into two types. The �rst is that enterprises can
optimize the production e�ciency of the manufacturing system through new enabling technologies,
provide the highest level of output with the lowest amount of resources, continuously optimize resource
and energy consumption, reduce costs and increase e�ciency, and obtain new values. The other is to
provide customers with new services or products based on customer needs to create new value for
customers.

Although BMI under Industry 4.0 has brought many bene�ts to enterprises, most of the enterprises
studied belong to discrete industries. In contrast, non-ferrous metals enterprises belong to the process
industry, which is very different from discrete industry. The demand for personalized customization
of non-ferrous metals products is small, and the products cannot be upgraded to "intelligent products",
which lacks high value-added services. Additionally, the production process of non-ferrous metals is long,
and the utilization rate of resources and energy needs to be further improved. The waste in the production
process has great damage to the environment, and the environmental protection issue is prominent. In
order to make the non-ferrous metal industry develop e�ciently and green and improve the
competitiveness of the enterprises, it is necessary to study the sustainable business model of the non-
ferrous metals enterprises. HCP collaboration and fusion, as a new enabling technology, non-ferrous
metals enterprises need to use it to seize the opportunity to achieve BMI.

5.3 Sustainable business model in intelligent manufacturing mode

The intelligent manufacturing mode with HCP collaboration and fusion will transform the manufacturing
system and product system, improve the production e�ciency of manufacturing system, reduce pollution
emissions, and improve the added value of products. These sustainable development practices make
enterprises develop towards green and e�cient direction. From a strategic point of view, the connotation
of green sustainable development needs to be re�ected in the business model. As shown in Fig. 16, a BMI
framework is built.
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The benchmark is the traditional business model of non-ferrous metals enterprises, which does not
consider sustainability in value proposition. The manufacturing system of HCP collaboration and fusion
and ecosystem service platform will bring sustainable development practice. The reformed sustainable
business model represents the value proposition of green, e�cient and sustainable development of
enterprises.

Proposition 1 (P1). The traditional business model represents the value proposition of the enterprise in
the past, without considering the green, e�cient and sustainable.

Proposition 2 (P2). BMI is a process of internalizing the external changes of enterprise competitive
environment from a strategic point of view, which changes the value proposition of enterprises.

Proposition 3 (P3). HCP collaboration and fusion enabling technology is an important external change
factor in the competitive environment of enterprises, which can improve the production e�ciency of
enterprises and bring sustainable development practice.

Proposition 4 (P4). HCP collaboration and fusion driven practice in line with the theme of sustainable
development, such as some measures to reduce pollution and improve production e�ciency.

Proposition 5 (P5). The sustainable business model represents the new value proposition of the
enterprise, integrates the connotation of sustainable development, and enables the enterprise to develop
towards sustainable direction.

6. Case Study In The Non-ferrous Metal Industry
The case study is based on the Jiangxi Copper Group, founded in July 1979. Jiangxi Copper Group is a
large-scale joint enterprise in China's non-ferrous metal industry that integrates copper mining,
bene�ciation, metallurgy, and processing. It is the largest production base of copper products and an
important source of sulfur chemical raw materials, gold, silver, and rare metals. The company is
headquartered in Nanchang, Jiangxi Province, China. Jiangxi Copper Group owns the �rst copper
smelting enterprise with a �ash furnace in China as well as the largest single copper processing plant in
the world, and it is the largest copper and gold producer in China. Jiangxi Copper Group includes these
�rms: Guixi Smelter; Jiangxi copper (Qingyuan) Co., Ltd; Zhejiang Jiangtong Fuye Heding Copper Co.,
Ltd. These companies combine for an annual output of 1.4-1.5 million tons of copper, 30 tons of gold,
and 400 tons of silver.

To realize the safe, e�cient and green production for the coper metal smelting process, we constructed
the intelligent manufacturing mode with HCP collaboration and fusion from three aspects: 1) intelligent
manufacturing system with HCP collaboration and fusion, 2) product & ecosystem service platform, and
3) sustainable business model.

6.1 Intelligent Manufacturing system with HCP collaboration and fusion
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As shown in Fig. 17, the intelligent manufacturing system with HCP collaboration and fusion in the non-
ferrous metal enterprise covers multiple production bases, multiple production lines, and multiple
processes. 

It encompasses the functions of supply chain management, production scheduling, quality control,
logistics, and decision-making. The system comprises an HMI &equipment autonomous control system,
the digital twin based remote management analysis and collaborative decision system and the
knowledge graph based HCP data fusion system. The equipment autonomous control system has the
functions of intelligent perception, intelligent analysis and decision-making, and autonomous control.
The digital twin based remote management analysis and collaborative decision system supports the
cross layer-domain optimal control of key process, joint optimization of predictive maintenance and
production scheduling, integration plan of production, supply and market. The knowledge graph based
HCP data fusion system provides data and information fusion components to support HCP integration in
the cross layer-domain optimal control, predictive operation and integrated plan. Fig.18 describes a
domain knowledge graph for �ash furnace production process, which depicts all entities and their
relationships.

Compared with the traditional manufacturing system, the intelligent manufacturing system with HCP
collaboration and fusion can optimize the whole process of copper smelting. When market demands or
raw materials change, the whole process control of raw material procurement, business decision-making,
planning and scheduling, process parameter selection, and production can achieve collaborative
optimization to optimize the overall operation of the enterprise, reduce costs, and improve e�ciency with
the goal of high e�ciency, controllable safety, and environmental protection.

The mechanism model is a kind of digital twin and become the key to the HCP collaboration. Taking the
�ash furnace as an example, the real-time prediction of matte temperature, matte grade and iron silicon
ratio in slag can be realized by establishing the mechanism and data model. On this basis, the process
parameters of the control �ash furnace process can be optimized, �gure 19 shows the �ash furnace
melting model.

6.2 Product & ecosystem service platform

As shown in Fig. 20, the participants of product & ecosystem service platform for Jiangxi Copper group
include enterprises, customers and partners. Partners are the main body that can provide services for
customers outside the enterprises. The platform business includes four parts, namely non-ferrous metals
products, product-related services, process-related services, and other services. Non-ferrous metals
products are the traditional business of enterprises, including main products and subsidiary products.
Other businesses of the platform are service-related, and these services can bring value to customers.

Product-related service is a supplement to product sales. The copper itself is traded as a good, so it is a
common demand for customers to forecast its price. Enterprises can also provide product-related
consulting services based on product experience.
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Process-related services are built on the basis of the internal processes of enterprises, and enterprises
provide external consulting services, such as intelligent production and digital transformation.

Other services include some customized services or subscription services, which are provided based on
the needs of customers.

6.3 Sustainable business model

1 Traditional business model

The economic business model canvas of Jiangxi copper group before the reform is shown in Fig. 21. The
company's main partners are energy and resource suppliers, including raw material suppliers, power
suppliers and equipment and machinery suppliers. In addition to these suppliers supporting production,
other partners also provide IT solutions, logistics services and �nancial services. The company's main
activities include procurement, marketing related business activities and production process related
process planning, smelting processing and equipment operation and maintenance. There are some
problems, such as the disconnection of production, supply and marketing, the low degree of intelligent
production process, heavy pollution and high failure rate of production equipment. Mining, smelting
technology and �nancial assets are the main resources of the company. The company's value
proposition is to provide cost-effective non-ferrous metals products. The company's customers are
mainly distributed in deep processing industries such as wire materials and pipes, and application
industries such as electric power and household appliances. The company's income mainly depends on
product sales and product processing. Non-ferrous metals products have serious homogenization and
low added value. The company relies on large-scale production to maintain low-cost competitive
advantage.

2 Sustainable business model

Economic business model canvas

The economic business model canvas of Jiangxi copper group after the reform is shown in Fig. 22. The
company's main partners have added third-party service providers. The company's ecosystem service
platform can attract third-party service providers to settle in. The company and the third party jointly
provide customer-centric services, and the service demand side can cover the company's upstream and
downstream. In terms of main activities, due to the introduction of HCP collaboration and fusion enabling
technology, production, supply and marketing activities can be integrated optimization and decision-
making. The main process can be optimized across layers and equipment can be predictive maintenance
and management, which can reduce production costs and improve production e�ciency. In terms of
main resources, an ecosystem service platform has been added. The value proposition part adds
customer-centric services. The third party service provider of the platform is a partnership with the
company. The company's revenue will not be limited to the sales and processing fees of non-ferrous
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metals products, and the ecosystem service platform will bring service fees and commission income to
the company.

2 Sustainable business model

Economic business model canvas

The economic business model canvas of Jiangxi copper group after the reform is shown in Fig. 22. The
company's main partners have added third-party service providers. The company's ecosystem service
platform can attract third-party service providers to settle in. The company and the third party jointly
provide customer-centric services, and the service demand side can cover the company's upstream and
downstream. In terms of main activities, due to the introduction of HCP collaboration and fusion enabling
technology, production, supply and marketing activities can be integrated optimization and decision-
making. The main process can be optimized across layers and equipment can be predictive maintenance
and management, which can reduce production costs and improve production e�ciency. In terms of
main resources, an ecosystem service platform has been added. The value proposition part adds
customer-centric services. The third party service provider of the platform is a partnership with the
company. The company's revenue will not be limited to the sales and processing fees of non-ferrous
metals products, and the ecosystem service platform will bring service fees and commission income to
the company.

Acid production from �ue gas: the largest acid production plant from smelting �ue gas in China has been
built, with total sulfur utilization rate of more than 97%, reaching the top level in the world.

Copper extraction from wastewater: more than 1000 tons of copper are recovered from wastewater every
year, and more than 20000 tons of wastewater are puri�ed and treated every day.

Copper separation from slag: make full use of resources in smelting slag and recover valuable elements.
More than 9000 tons of copper metals are recovered from smelting slag every year, which is equivalent to
the annual metals output of a medium-sized copper mine in China.

Social business model canvas

The canvas of social business model after the reform of Jiangxi Copper Group is shown in Fig. 24. The
purpose of this canvas model is to investigate the interaction between the company's stakeholders and
the company, and to capture the social impact of these key relationships.

The social value generated by the company includes providing high-quality products for customers,
continuously excavating the value of resources and pursuing the harmonious coexistence of human and
nature. The manufacturing system of HCP collaboration and fusion can bring high-quality, environmental
protection and cost-effective products, and the ecosystem service platform can create more employment
opportunities and increase local �scal revenue.
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7. Conclusion And Future Work
Given the existing problems of the non-ferrous metal industry and the development of information
enabling technology, this paper discusses the demand for transforming the non-ferrous metal industry's
manufacturing mode. A new manufacturing mode of non-ferrous metal industry in the era of intelligent
manufacturing 2.0 is put forward, which is the intelligent manufacturing mode with HCP collaboration
and confusion. It includes intelligent manufacturing system based on HCP collaboration and confusion,
product system based on ecosystem service platform, and sustainable business model. The intelligent
manufacturing system with HCP collaboration and confusion can improve production e�ciency and
reduce environmental pollution. Product service system can provide customer-centered service, and
sustainable business model can qualitatively and quantitatively describe the sustainable change process
of manufacturing system and product system. The new manufacturing mode can make non-ferrous
metals enterprises develop towards green, e�cient and sustainable direction. Finally, combined with the
largest copper smelting enterprise in the world (Jiangxi copper), the corresponding manufacturing
system, product system and business model under the new manufacturing mode are given respectively.

The research of this paper is based on the case of non-ferrous metals enterprises. Next, we are going to
use the new manufacturing mode proposed in this paper to study other manufacturing enterprises.
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Figure 1

Manufacturing mode model

Figure 2

Development of manufacturing mode
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Figure 3

Intelligent manufacturing mode with HCP collaboration and fusion in non-ferrous metal industry
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Figure 4

HPS driven manufacturing system

Figure 5
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Manufacturing system driven by HCPS1.0

Figure 6

Manufacturing system driven by HCPS 1.5

Figure 7
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Architecture of the intelligent manufacturing system with HCP collaboration and fusion

Figure 8

Digital twin model for nonferrous metal industry
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Figure 9

Three steps to build the human-cyber-physical knowledge graph
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Figure 10

Evolution of product value

Figure 11

Changes in product structure
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Figure 12

Corresponding structure of products and services
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Figure 13

Economic business model canvas

Figure 14

Social business model canvas

Figure 15

Environmental business model canvas
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Figure 16

The framework of BMI



Page 33/37

Figure 17

Architecture of the intelligent manufacturing system with HCP collaboration and fusion in a non-ferrous
metal enterprise
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Figure 18

A domain knowledge graph for �ash furnace production process
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Figure 19

The mechanism and data based �ash furnace melting twin model

Figure 20

Framework of the ecosystem service platform for the Jiangxi Copper Group
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Figure 21

Economic business model canvas of Jiangxi Copper Group (before BMI)

Figure 22

Economic business model canvas of Jiangxi Copper Group (after BMI)
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Figure 23

Environmental business model canvas of Jiangxi Copper Group (after BMI)

Figure 24

Social business model canvas of Jiangxi Copper Group (after business model reform)


