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Introduction
Industry 4.0 is revolutionizing manufacturing. Enabled by

Digital Twins: Definition, History, Types,
and Enabling Technologies

advances in computing power and decreased costs of data
storage, the technologies associated with Industry 4.0 help
integrate digital and physical production processes. The
potential benefits of one of these core technologies - digital
twins - have been widely lauded by those familiar with Industry 4.0, and even by those looking forward to Industry 5.0.
Despite these lauded benefits, small- and medium-sized
manufacturers in Canada and abroad have been hesitant to
integrate digital twins into their production processes. This
caution is often related to high initial investment costs, a perception that digital twins are relevant primarily to the largest
manufacturers, their presumed complexity, a lack of skilled
personnel, and an uncertain return on investment. Moreover, this reluctance is not unique to digital twins but exists
with other Industry 4.0 technologies.
In some cases, SMEs may simply not know where to start.
In this report, we address these and other questions. To do
so, we draw upon existing literature and research, interviews
with several digital twin service and technology providers,
and case studies of three Canadian manufacturing SMEs
that have implemented digital twins in their production and
development processes.
The remainder of the report is organized as follows.
•

Section 1 defines digital twins.

•

Section 2 identifies the applications and benefits of digital twins in manufacturing.

•

Section 3 outlines factors that drive, enable, and create
barriers to the adoption of digital twins in manufacturing.

•

Section 4 presents three case studies of Canadian manufacturing SMEs that have adopted digital twins: Avcorp, CenterLine, and Laval International.

•

Section 5 provides insight from service and technology
providers, including Arvizio, EXO Insights, Hive Virtual
Plant, Siemens Canada, and the Invest WindsorEssex VR
CAVE

The report concludes with a discussion of our findings and
recommendations for stakeholders seeking to facilitate the
wider adoption of digital twins by manufacturers.

A digital twin is a realistic virtual replica of a physical ob-

al Intelligence (AI), and other simulation tools to learn more

ject. That physical object may be a fully assembled pro-

about the capabilities and limitations of the associated

duct (e.g. a car), a part or component of that product (e.g.

physical object.

a wheel), a network or system (e.g. a factory), a person, or a
process. The digital twin contains physical, functional, and

The rapid increase in the interest in digital twins occur-

operational information about the object that it represents.

red alongside advances in other associated technologies.

This information is used to mirror the current state or simu-

These include cloud computing, advanced data analytics,

late the possible future states of that object.

internet-of-things (IoT) technologies, and advances in sensor technology, all of which enable practical applications

Then-University of Michigan professor Michael Grieves first

of digital twins. The development and promotion of such

conceived of digital twins in 2002 as part of a presentation

technologies by well-known manufacturing and technolo-

to the industry (Grieves is now the Executive Vice-President

gy companies such as General Electric, IBM, Siemens, Air-

of Operations at the Florida Institute of Technology) . In

bus, Bosch, and Rolls-Royce further accelerated the growth

2012, the National Aeronautics and Space Administration

of digital twins .

(NASA) published a definition of digital twins within a technology roadmap to improve aviation performance . In this

Today, digital twins vary in complexity and in the type of

roadmap, they characterized digital twins as a tool that

physical entity they represent. Some categorize digital

could support their goals of improving performance gene-

twins as virtual replicas of an individual component, an

rally, and that could more specifically replicate conditions

asset (two or more components), a system (two or more

in space to help conduct tests for future missions . In 2014,

assets), or a process (two or more systems). Others focus

Grieves published the first white paper focused on digital

more on two broad categories: product and process. But

twins. His paper highlights the evolution of digital twins

what fundamentally matters is that the digital twin can re-

from a concept to their applications within and beyond ae-

plicate a physical object or process - whether it is a com-

rospace . Interest in and applications of digital twins and

plex product with hundreds of different parts or a process

associated technologies have increased rapidly since .

with multiple dynamic elements - and produces valuable
insight and information based on that replication.

Digital twins are distinct from and more advanced than
computer-aided design (CAD) and computer-aided engi-

Academics have advanced the conceptual understanding

neering (CAE) models. What primarily differentiates digi-

of digital twins by characterizing them according to the

tal twins from CAD and CAE technologies is their ability to

number of dimensions involved. Three-dimensional mo-

continuously or periodically communicate with their physi-

dels include a physical object, a virtual entity, and the con-

cal counterparts.

nection between the two. Five-dimensional models include two additional elements: data and services .

A digital twin may be developed before or after the physical object is created. In both cases, the digital and physical

The first element in both three- and five-dimensional cha-

objects must be connected in a manner that allows for the

racterizations is the physical object. The second element

seamless exchange of data. That exchange of data may oc-

is the virtual entity, which requires 1) real-world measure-

cur

continuously or periodically. This connection allows

ments (e.g. size, shape, surface characteristics, material

the digital twin to collect data from the physical object and

properties) and 2) geometric, physical, behavioral, and ru-

evolve dynamically alongside it. The digital twin can then

le-based properties that replicate the physical entity and

process new information using advanced analytics, Artifici-

its attributes (i.e. its moving parts). To obtain the data ne-
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cessary for the first aspect of the second element a digital

cies of manufacturers that will be provided by third parties,

twin relies on sensors and other cognitive technologies.

such as cybersecurity.

The third element in both frameworks is the connection

Digital twins are a relatively new technology that is current-

between the physical object and the virtual entity. This re-

ly deployed by manufacturers without uniform standards.

fers to the networking and communications technologies

This lack of uniformity is perceived to be a limitation for

and protocols that facilitate a connection between the phy-

more widespread use by manufacturers. To address this

sical and the virtual. Included here are technologies rela-

limitation, the International Standards Organization (ISO)

ted to cybersecurity, which are vital to enabling all of the

is developing a new certification (ISO 23247) to guide the

technologies related to Industry 4.0.

deployment of digital twins in manufacturing settings. This
certification is currently in the approval stage and repre-

The fourth and fifth elements (in five-dimensional models)

sents an important step towards the widespread adoption

focus on data management tools and third-party services.

of a technology that is perceived by many to be a catalyst

Digital twins require tools to support data collection, trans-

for the further development of Industry 4.0, broadly con-

mission, storage, processing, aggregation, and visualizati-

ceived.

on. They also require services beyond the core competen-

Applications and Benefits for
Manufacturing
Digital twins have several manufacturing applications. The-

or processes. With the help of advanced analytics and al-

se include product design, development, testing, monito-

gorithms, digital twins can detect anomalies before faults

ring, fault detection, predictive maintenance, system per-

occur to help address them proactively. This helps reduce

formance, production scheduling, plant layout, training,

the costs associated with downtime and breakdowns.

customer experience, energy usage, and supply chain management. Digital twins are inherently reliant on collecting

For example, STEP Tools, a New York-based company,

high-quality information, which can be used to increase

connects machine tools to simulation servers that enable

efficiency and productivity, optimize processes and supply

real-time analysis and corrections of machining results.

chains, and facilitate data-driven decision-making.

According to the company, this increases the efficiency of
machining processes by 15 percent through reduced tool

Product Design, Development, and Testing

wear and increased productivity , . The Cambridge-based
Racer Machinery deploys Siemens’ Sinumerik One plat-

Product design and development can be costly. The costs

form similarly .

associated with developing physical prototypes can be
particularly high. The ability to develop digital prototypes

Predictive Maintenance

can lead to substantial cost-saving. The environmental and
monetary costs associated with materials are also negligi-

Digital twins use algorithms and other predictive tools to

ble when digital twins are used for developing prototypes.

model maintenance schedules and the overall health of ma-

Furthermore, digital twins permit more experimentation

chinery and equipment integrated into a production line, a

with design parameters, which helps manufacturers iden-

factory, or an entire network of factories. This approach

tify optimal product configurations more cost-effectively,

is often found to be more cost-effective than that routine

and can be used to simulate performance under extreme

or time-based preventive maintenance, as related tasks are

conditions that would be difficult or impossible to replicate

performed only when necessary. Moreover, certain main-

in a laboratory setting. Finally, digital twins require input

tenance activities may be performed remotely with the

from both design and production teams in the early stages

help of the digital twin. Gartner estimates that predictive

of product development, which helps erode departmental

maintenance using digital twins could save businesses over

silos that cause operational efficiencies. In short, digital

$1 trillion annually .

twins can reduce the time and costs associated with product design, development, and testing.

System Performance

ElectraMeccanica , GSK , and Gastops all provide exam-

Digital twins can help assess, predict, and optimize the ma-

ples of how digital twins can be used in product design and

nufacturing process and system performance. Advanced

development.

analytics that draws upon data from digital twins can help
manufacturers detect bottlenecks and simulate alternative

Real-Time Monitoring and Fault Detection

solutions to improve efficiency.

A digital twin continuously collects information about its

Dynamic and Flexible Production Scheduling

physical counterpart with the help of sensors and other
cognition technologies. These data are then used to mo-

Digital twins can draw upon historical data to help sche-

nitor the real-time performance of products, equipment,

dule production in dynamic environments where flexibility

08

is important. This can be especially useful when new cons-
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Energy Usage

traints have been identified or when new products and processes are introduced. The impact of these changes can be

In addition to helping achieve production efficiencies and

tested virtually alongside production equipment. When

minimize health and safety risks, digital twins can be used

combined with artificial intelligence technologies, digital

to simulate and test processes and plant layouts that are

twins can provide complete operational visibility to help

more energy efficient. For example, Braskem, one of the

factories and companies ‘self-organize’. They also help to

world’s leading producers of biopolymers, reduced energy

predict future resource requirements more accurately.

consumption by 2.1 percent with the help of digital twins .

Plant Layout

Supply Chains

Digital twins can virtually replicate the layout of a plant

Digital twins can be used to map out an entire supply

with varying levels of detail. This can allow manufacturers

chain. This allows manufacturers and logistics companies

to test alternative layouts without having to move existing

to monitor and simulate events that may affect the supply

equipment or install new equipment. In addition to helping

chain (e.g. natural disasters, trade disputes) to help identify

achieve production efficiencies, this can also help minimize

solutions proactively. Kruger Products , one of Canada’s

health and safety risks.

largest integrated forest products manufacturers, recently
created a digital twin of its supply chain to boost operatio-

Employee Training
Digital twins can be deployed to build immersive and interactive training experiences for employees to support upskilling or familiarization with new production equipment
and technologies. In addition to training associated with
regular and routine tasks, this may allow companies to provide more cost-effective training for rare but dangerous
and costly emergency scenarios. Such training can be personalized for individual employees and can be conducted
on-site or remotely. This type of training may be well-aligned with the learning tendencies of younger generations
and persons more familiar with virtual and augmented reality technologies.
Customer Experience
Digital twins can enhance customer experience. In the
automotive industry, digital twins can improve part and
process tracing, leading to more efficient and effective
recalls. Parts and components can be assigned a digital
identity, which when combined with digital twin and blockchain technologies, allows customers to access historical
information regarding damage, replacement of parts, or
warranties (this may be especially useful for automotive
and major appliance resale markets). In other industries,
digital twins may be used to allow customers to test customized product configurations, thus providing richer and
more personalized experiences.

nal efficiency and flexibility.

Drivers, Enablers, and Barriers
This section reviews the work by Neto et al. (2020) [see

development and to improve health and safety outcomes.

endnote (iii)] to better understand the factors that drive,

This is increasingly important during labour shortages.

enable, and create barriers to the adoption and implemen-

Fourth, manufacturers may desire to increase the transpa-

tation of digital twins in manufacturing. This study was se-

rency of processes and operations.

lected because of its specific focus on manufacturing and
its information from manufacturers, solution providers,

The value of digital twins may vary between companies and

and consultants, as well as literature from the field. These

sectors. Companies that are in the best position to benefit

findings are also used later to supplement the information

from digital twins are:

gathered from our interviews.

•

and test their products in extreme conditions that are

Drivers
Three major external drivers motivate manufacturers to implement digital twins. The first is related to the production

not possible in laboratory settings.
•

Those focusing on mass production where quality issues may cause significant losses.

flexibility to satisfy market demand. Flexibility may refer to
the ability to reschedule production dynamically to increa-

Those who invest extensively in physical prototypes

•

Those that have incurred losses due to hazardous work

se production capacity and optimize capital and resource

environments and/or have assets spread across mul-

utilization. It may also refer to the ability to develop a port-

tiple locations and spend more on operations than on

folio of products with different variants to support mass

capital, lacking transparency, and incurring high un-

customization.

planned maintenance costs.

The second external driver is related to competitive forces

Enablers

and the need to improve cost-efficiency, quality, and productivity. This is achieved by implementing digital twins

While internal and external drivers may convince manufac-

for defect identification and prevention, predictive main-

turers to invest in digital twins, several other factors increa-

tenance, improvements to design and testing, and optimi-

se the likelihood of a sufficient return on investment. These

zing processes generally.

factors include existing technologies and processes, workforce competence, and organizational culture and strategy.

The third driver is related to the rate of adoption of digital
twins. The more ubiquitous digital twins become, the more

First, the capacity of a manufacturer to leverage capabili-

manufacturers will be required to invest in such technolo-

ties related to simulation, IoT, and advanced analytics tools

gies to keep pace.

and software is critical to the success of any investment in
digital twins. Robust cybersecurity and data storage infras-

Internal factors also drive the adoption of digital twins.

tructure are also important to success. Second, a manufac-

First, digital twins are often implemented as part of a

turer’s ability to create a well-defined implementation plan

company- or plant-wide initiative to optimize processes,

and processes to accurately correct and manage data are

reduce costs, increase productivity, and improve product

important enabling factors. Third, employees’ familiarity

quality. Second, digital twins of products (as opposed to

with and competence related to digital technologies help

processes) can be deployed as part of a strategy to reduce

successful adoption and implementation. Fourth, mana-

time-to-market, enhance customer experience, or predict

gers who are committed to longer-term projects and en-

(and minimize) warranty claims. Third, management may

suring that there are adequate resources to support invest-

see digital twins as a tool to support employee training and

ments in digital twins are critical to success.
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Barriers
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The difficulties associated with integrating processes
across multiple departments or divisions, the presence of

Several factors serve as barriers to successful implementa-

non-standardized processes, and the absence of a clear

tion. The lack of maturity of certain techniques and tools

implementation plan or roadmap can make adoption more

associated with digital twins can prevent companies from

difficult. This point may be particularly germane for mul-

realizing the full benefits of their investments. This is espe-

ti-divisional manufacturers that treat plants as individual

cially true for more complex and advanced tools that are

‘profit centers’ with managers who are afforded a high de-

necessary to create predictive and autonomous responses.

gree of autonomy.

In the case of small and medium-sized manufacturers, a
lack of familiarity with the key technologies and tools asso-

Resistance to change and skill deficiencies among staff

ciated with digital twins poses a significant barrier to adop-

also create barriers. The same is true for organizations with

tion. The lack of a robust and well-administered IT infras-

‘siloed’ operations, with an aversion to risk, and with the

tructure can also create barriers to success.

inability to quantify the benefits or potential return on investment associated with digital twins.

Case Studies of Canadian
Manufacturers
This section presents case studies of three Canadian manu-

uses structural adhesives to bond several layers of alumi-

facturers that have successfully implemented digital twins.

num. This bonding process eliminates the use of fasteners,

The case studies are based on interviews with company

reducing weight. As a high-rate process, minor improve-

personnel conducted in 2021 and supplemental public-

ments in efficiency lower production costs substantially.

ly-available material provided by the companies.

There is little tolerance, however, for quality defects. Several constraints must be addressed before adjusting the pro-

Avcorp

duction process. A digital twin offers Avcorp an extremely
useful tool to better understand the process to modify it in

The Avcorp Group designs and manufactures composite,

a manner that will generate efficiencies without compromi-

metallic, and hybrid aerostructure components and as-

sing quality.

semblies. These are integrated into aircraft airframes (e.g.
wings, fuselage). Avcorp’s products are used in commer-

Avcorp has several additional motivations to adopt digital

cial and military aircraft developed by several of the world’s

twins. First, digital twins offer an opportunity to inform ma-

largest aerospace manufacturers, including BAE Systems,

nagers about shop floor processes more effectively. This

Boeing, Bombardier, Lockheed Martin, and Subaru. The

supports better decision-making by management. Second,

company employs about 550 people across three locations

creating a digital twin facilitates the digitization of other

(Burlington, Ontario, Delta, British Columbia, and Gardena,

processes, such as data recording. Third, digital twins can

California).

help the company improve its understanding of flow time
and capacity management.

Avcorp is currently building a digital twin of one of its production lines that manufactures complex components for

Before building its digital twin, Avcorp improved its ability

Boeing. The goal of this project is to develop a proof-of-

to collect data on the shop floor. This involved installing

concept to implement digital twins more widely across ae-

IoT sensors to automate data collection previously done on

rospace component manufacturing and to evaluate its suc-

paper. However, some production equipment was not IoT

cess. Ultimately, Avcorp hopes to use digital twins to detect

compatible. In response, the company introduced new data

problems faster, predict the effect of process changes more

recording and reporting processes to improve the accuracy

accurately, and manufacture lighter, stronger, more durab-

of data gathered manually. This required a significant effort

le, and more energy-efficient components. The budget for

by frontline staff and managers to ensure that the new pro-

the project, which includes several partners, is $4.8 million,

cesses were being implemented properly.

including a $2.1 million contribution from the Digital Technology Supercluster.

Once the new data collection system was in place, the company implemented new software tools to improve simula-

To carry out the project, Avcorp has partnered with Con-

tion capabilities. This stage of the project involved deve-

vergent Manufacturing Technologies, AMPD Technologies,

loping software, much of which focused on aggregating

and LlamaZOO Interactive. Each of these companies has

data collected from different nodes of production. It also

specific expertise in either spatial planning, asset tracking,

involved adjusting IoT sensors to improve data collection

or digital process simulations. University of British Colum-

and export. While these adjustments caused some delays,

bia students and researchers are also providing data analy-

they were resolved satisfactorily by Avcorp staff and other

tics and digital twin development services.

project partners.

The segment of the production line that is being replicated

Future phases of the project may include integrating data
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collection and reporting, to expedite the company’s ability

2.

to make changes to production in real-time.

Minimize departmental silos. Building a good working
relationship between IT, engineering, and production
staff were critical to the project’s success. Installing IoT

One of the overall objectives of the project is to evaluate the

sensors and other technological upgrades related to

potential benefits of digital twins in all aspects of Avcorp’s

data collection required close collaboration between

business. The immediate benefits are primarily related to

the IT department and those on the shop floor.

improvements in data collection, processing, and storage.
These are critical to the aerospace industry, which prioriti-

3.

combined knowledge of production processes and

zes product traceability. Reducing manual data collection

software is essential. In Avcorp’s case, team members

saves time and reduces costs. This provides natural incen-

with mechatronics backgrounds were instrumental due

tives for companies like Avcorp to adopt digital twins.
Another benefit is improved efficiency when changing the
rate of production. Without a digital twin, Avcorp staff
spend a considerable amount of time updating production
plans using spreadsheets whenever a change is necessary.
By running simulations through the digital twin, Avcorp’s
engineers can identify optimal operational changes before

A multidisciplinary workforce is an asset. Staff with a

to their knowledge of physical and digital systems.
4.

Buy-in from internal stakeholders is vital. A supportive
management team is essential. In Avcorp’s case, this
involved the support of company executives and the
plant’s general manager.

nes and expected their suppliers to follow the course. Se-

nished robot cell would fit into customers’ shop floors and

cond, while CenterLine (Windsor) Limited’s customers took

processes and whether any safety issues would arise.

responsibility for most of the simulation work earlier, they
gradually transferred it to their suppliers.

CenterLine (Windsor) Limited

the change is introduced.

These limitations resulted in design deficiencies that were
noticed only after a system was physically built. That trans-

To adapt to these changes and remain competitive, Cen-

lated into significant adjustments to built systems and relo-

Founded in 1957, CenterLine (Windsor) Limited is a fami-

terLine (Windsor) Limited had to develop its simulation and

cating expensive and sensitive equipment around the shop

The company sees other potential benefits to expanding

ly-owned manufacturer and integrator of automated wel-

digital twin capabilities. By implementing incremental up-

floor, increasing costs and reducing customer satisfaction.

the use of digital twins. These include testing alternative

ding and assembly lines headquartered in Windsor, Ont.

grades over a decade, the company gradually integrated

With the broader adoption of simulations and digital twins

plant layouts before new product launches, which happen

The company specializes in advanced automation proces-

the use of simulation and digital twins into its processes.

since 2008, CenterLine (Windsor) Limited has overcome

at least once a year in each plant. The efficiencies achieved

ses and joining technologies for resistance welding, metal

In addition to developing its solutions, the company also

those difficulties. Today, CenterLine (Windsor) Limited si-

here allow staff to dedicate time to other revenue-genera-

forming, and cold spray applications. Its other products

invested in DELMIA digital manufacturing and simulation

mulates every robot, process, and piece of machinery be-

ting tasks, which is increasingly critical during labour shor-

include welding consumables and equipment components.

software from Dassault Systèmes to support this transfor-

fore the robot cell production and integration begin. As a

tages.

CenterLine (Windsor) Limited employs nearly 1,000 emp-

mation.

result, the company can now deliver projects that involve

loyees across nine manufacturing and four service support

up to 200 robots thanks to several important advantages

The primary challenge to further adoption is related to diffi-

facilities in Windsor, United States, Mexico, Brazil, Germany,

The main application of simulations and digital twins at

culties quantifying ROI. Aerospace manufacturing involves

Romania, India, and China. About 700 of its staff are in Ca-

CenterLine (Windsor) Limited relates to designing robotic

a substantial amount of non-standardized and low-volume

nada.

welding, manufacturing, and testing. In 2008, before adop-

The company has reduced project timelines substantially.

ting these techniques in its processes, a typical CenterLine

Large job delivery time decreased from two years to less

production. This makes estimating ROI difficult at the plant

gained with the wider use of simulations and digital twins.

level. Another challenge is related to data privacy. Avcorp

CenterLine (Windsor) Limited's primary customers include

(Windsor) Limited project incorporated 10 or fewer robots.

than 50 weeks on average. Time savings were achieved

is bound by non-disclosure agreements with its customers.

automotive original equipment manufacturers (OEMs) and

The company relied on 3D design, 2D layouts, and limited

in every step from design to production to delivery. For

These agreements restrict their ability to share data with

suppliers and companies from the mass transit, aerospace

simulation to execute its projects.

example, simulations have helped designers reach an opti-

project partners and other third parties and increase the re-

and defense industries. These customers operate under

sources that the company must devote to monitoring any

significant competitive pressures. They rely on CenterLine

There were several limitations to these approaches. First,

In collaboration with production teams, potential problems

data-related activities.

(Windsor) Limited’s automation products to reduce costs,

it was difficult to predict accurate cycle times for projects.

are addressed earlier.

maximize productivity, and accelerate time to market.

Typically, as much as 85 percent of a project’s duration in-

Avcorp identified several important lessons learned

The use of simulations and digital twins helped CenterLi-

volved processes preceding any manufacturing and integ-

In addition, if customers ask CenterLine (Windsor) Limited

through this project:

ne (Windsor) Limited meet its customers' challenging de-

ration. Delays resulting from inaccurate predictions at the

to satisfy new constraints that require design alterations,

mands.

early stages compressed the time needed to manufacture,

updates can be made quickly. In other instances, better

integrate, and test systems. Second, visualization capabili-

visualization capabilities help CenterLine (Windsor) Limi-

1.

Define success criteria before implementing a digital

mal system configuration much faster in the design phase.

twin. The best projects have robust and measurable

In the past decade, two significant trends caused CenterLi-

ties were limited and less sophisticated, restricting custo-

ted work with its customers to validate that the designs will

criteria to determine success. These may include quan-

ne (Windsor) Limited to develop its simulation and digital

mers from understanding how the system would work once

meet their needs. Finally, CenterLine (Windsor) Limited can

titative and qualitative criteria. It is important to identi-

twins capabilities further. First, CenterLine (Windsor) Limi-

it was built. This prevented CenterLine (Windsor) Limited

simulate and analyze the safety implications of its systems

fy these before implementation.

ted’s customers had to adapt to shortening project timeli-

and its customers from accurately analyzing whether the fi-

before delivery. That was not possible without the use of
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new technologies, which helped CenterLine (Windsor) Li-

compressing project timelines, increasing the quality of its

Implementation has not been without its challenges. In

such investments are essential to remaining competitive.

mited avoid customer rejects based on safety concerns or

final products, and better meeting the needs of customers.

the early years, specific software purchased by CenterLine

As Parks notes, “customers expect it, and if you do not get

costly system modifications in the late stages of projects.

They have helped quadruple sales by transforming Center-

(Windsor) Limited had limited compatibility and was used

ahead of competitors, you will start struggling to catch up.”

In the production phase, the ability to estimate cycle times

Line (Windsor) Limited’s capabilities since 2008.

with existing equipment and software.

accurately (up to 90-95% accurate) allowed CenterLine

This experience

forced the company to look for solutions compatible with

CenterLine (Windsor) Limited learned several vital lessons:

(Windsor) Limited to derive efficiencies in scheduling, pro-

While it has been highly beneficial to the company, adop-

a wider range of its existing tools - it finally decided to use

duction planning, and project management. This has im-

ting simulations and digital twins took a long time to im-

DELMIA.

proved project budget performances and the rate of on-ti-

plement. CenterLine (Windsor) Limited’s efforts spanned

ne (Windsor) Limited needs are just not available off-the-

Industry 4.0 technologies is better facilitated by having

me deliveries. Substantial time savings were achieved by

more than a decade. According to Allan Parks, director of

shelf. Therefore, the company had to hire specialists and

a long-term strategy and following a step-by-step ap-

eliminating the need to rework a system once it is physically

engineering, “implementation is a long journey, and Cen-

develop certain ancillary software internally. For example,

proach. Implementing multiple projects at once is not

assembled. Robot teaching times have fallen by 75 percent

terLine (Windsor) Limited is slowly moving the chess pieces

CenterLine (Windsor) Limited engineers had to create the

practical. Managers need time to train themselves and

with the use of offline programming. Moreover, because

of Industry 4.0 forward.” He noted the company started with

tools to export CAD outputs to the company’s PLM system

staff for each new upgrade. In CenterLine (Windsor)

the company can now simulate entire processes before

2D designs, moved on to 3D designs, and then made 3D

in the desired format. Initially, the company considered out-

Limited’s case, the necessity to justify each upgrade

production and integration, it has moved away from being

models available to assembly personnel on the shop floor.

sourcing some of this work, but the lack of a large pool of

also helped the company review its objectives, set at-

qualified people required it to build in-house capabilities.

tainable goals, and learn from each step in the process.

tooling-centric to process-centric.

Tools are developed

Still, some of the functionalities the CenterLi-

with the entire customer process in mind, eliminating the

Only after these steps was CenterLine (Windsor) Limited

Today, the company employs 12 full-time staff and several

need to modify the system post-production. The company

able to start using simulations effectively to understand

contract staff across its facilities in Windsor and Romania to

has achieved zero robot moves post-installation or tooling

what the end product looks like. He notes that while the

undertake simulation and digital twin projects.

changes since the wider adoption of simulations and digital

company is getting closer to building a full digital twin,

twins.

there are still some limitations. For example, certain minor

Like some of its peers, CenterLine (Windsor) Limited also

parts of the robot cells are currently not digitally replicated.

finds it difficult to calculate the ROI for these projects. Be-

The company plans to add these elements soon.

nefits are realized in many different areas, making them

The functionality has gone beyond the design, engineering, and production stages. CenterLine (Windsor) Limited

Forward-thinking management was a key asset. Understan-

grade, investments were justified internally. Projects were

quotes to its potential customers. Moreover, the company

ding the potential benefits of these technologies early on,

approved because the management saw significant bene-

is more confident in its capabilities and knows what it can

they gradually built up capabilities and invested incremen-

fits from its prior total investments. While benefits are dif-

achieve before signing a contract. This helped CenterLine

tally. Educating staff about how to put these technologies

ficult to aggregate, investment-related expenses are more

(Windsor) Limited strengthen its customer relationships.

in place across the entire enterprise was critical. Over time,

crystallized. Staff costs make up only a part of CenterLine

CenterLine (Windsor) Limited’s workforce gained an appre-

(Windsor) Limited’s investment.

ciation for these technologies.

software licensing, servers, installing and maintaining new

(Windsor) Limited generate significant business value by

2.

Other costs related to

hardware, and training employees. The company estimates
that it has invested in the range of millions of dollars in total over a decade to build up its simulation and digital twin
capabilities.

Pay attention to the limitations of off-the-shelf soluincompatible with existing systems. CenterLine (Windsor) Limited needed to invest in talent to build internally-developed software to fill the gaps in marketplace
offerings. Its efforts were only successful thanks to the
company’s software engineers and developers. However, the lack of skilled personnel was one of the biggest
bottlenecks in this process.

3.

A multi-disciplinary workforce and data analytics capabilities matter. The personnel implementing these
technologies must include people who understand
hardware, software, application development, network
administration (ERP, PLM), and data management. Individuals with expertise in different software languages
are often needed for in-house software development
due to differences in systems (e.g. some needed Java,
others C++).

Looking forward, CenterLine (Windsor) Limited will keep
making incremental upgrades to its simulation and digital
twin capabilities. These efforts will continue simultaneously
with the company’s other digital transformation and Industry 4.0 adoption projects. The company plans to incorporate additional parts and components in its virtual replicas
for digital twins in the near term. Moreover, the company
considers using digital twins for monitoring and optimizing
its production equipment (e.g. CNC machining centers). To
facilitate that shift, the company makes sure the new machines it invests in are compatible with its existing hardware
and software.

Start small and make incremental upgrades. Adopting

tions. Off-the-shelf solutions can be limited and/or

difficult to aggregate. However, for each incremental up-

uses simulations and digital twins to provide more accurate

Simulations and digital twins have helped CenterLine

1.

CenterLine (Windsor) Limited recognizes

Laval International
Founded in 1975 and located in Oldcastle, Ont., (near Windsor), Laval International manufactures production-ready
molds, tooling, and composite parts for a range of industries including automotive, agriculture, and heavy truck,
recreational vehicle, and life sciences. Laval also offers engineering and prototyping services. The company employs
60 people, the majority of whom are tradespersons. Approximately 90 percent of Laval’s production is exported,
primarily to the United States.
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Jonathan Azzopardi became Laval’s president and chief

Laval is taking a step-by-step approach to digital twins. In

executive officer in 2009. Under his leadership, Laval has

the next six to twelve months the company hopes to deve-

diversified its markets while engaging in extensive R&D to

lop a digital twin of one robot cell and to develop algorithms

maintain its position as an industry leader. The company

to proactively detect potential quality problems. Following

invests between 10 and 15 percent of its revenue in R&D

this, the company plans to build digital twins of multiple ro-

projects.

bot cells and connect them, creating a full-fledged flexible
manufacturing cell. This will allow the optimization of work-

One of Laval’s current R&D projects involves implementing

flows and processes across the different robot cells. The

digital twins to support the company’s flexible manufactu-

company will deploy IoT sensors, vision recognition sys-

ring capabilities. Azzopardi believes flexible manufactu-

tems, and customized algorithms to build this interconnec-

ring presents Canadian manufacturers with an opportunity

ted system. The digital twin of this system is expected to

to differentiate themselves from competitors in lower-cost

help increase productivity by streamlining production sche-

jurisdictions that focus on scale.

duling and preventing equipment downtime.

Digital twin technology was brought to Azzopardi’s atten-

Laval believes thismay require an investment of up to

tion by the Invest WindsorEssex VR CAVE. The VR CAVE

$500,000.

is a publicly-funded virtual reality environment that serves

and cost savings far exceed these costs. Taking this risk is

as a teaching, training, and research facility that supports

worthwhile because it helps the company build long-term

manufacturers and partners throughout Ontario.

competitive advantages around flexible manufacturing, ac-

The

Windsor-Essex Digital Twin Program, a collaboration bet-

However, the anticipated productivity gains

cording to Azzopardi.

ween WEEDC, St. Clair College, the Canadian Association
of Mold Makers (CAMM), and Automate Canada is housed

Although Laval is in the early stages the company has alrea-

within the same facility.

dy identified some valuable lessons:

Laval and VR CAVE staff collaborated on a pilot project to

1.

Hire talent with compatible skills. While the knowled-

demonstrate the potential of digital twins and virtual reality

ge of the existing staff is important, Laval also relies on

technologies to other local manufacturers. This project in-

recent graduates with the specific skills necessary to

volved creating a digital replica of one of Laval’s drill guns

implement digital twins in a relatively short time. The

used to manufacture compression and injection molds. The

company has hired two engineers with design and soft-

result was a fully-immersive, interactive, and realistic repre-

ware experience to work exclusively on digital twins.

sentation of the gun drill that behaves exactly like its physical counterpart.

2.

um-term goal is to develop flexible manufacturing cells
that consist of several interconnected robots. Laval works
on several custom molds at a time, which requires staff to
devote considerable time to machine set-up, programming,

duction processes. A digital twin of this cell would allow
Laval to produce one mold while designing and testing
another virtually, leading to cost and time savings, thus allowing the company to compete more effectively with overseas competitors.

Arvizio is a technology leader in enterprise augmented reality (AR) software for multi-user, real-time collaboration using
large-scale 3D models and AR-assisted guidance employing
digital twins. The company optimizes existing customer 3D
models, scans, or digital twins and uses them in its AR software applications. Arvizio’s software allows 3D digital replicas of physical objects, such as production equipment, to
be shared through video conferencing applications. Teams
working in different locations can use these digital replicas
to conduct remote training and maintenance or to test alternative plant layouts before installing or removing equipment.
Arvizio’s software supports a wide range of augmented and
mixed reality devices like Microsoft HoloLens 2, Magic Leap,
and mobile AR (iOS and Android) Recently, the company released a new product focused on delivering AR-guided instructions and training in manufacturing. This “AR Instructor”
allows the creation and use of guided, step-by-step AR instructions superimposed on physical machinery in a factory to
accelerate maintenance work and training. It also allows for
digital twins to be used as part of the workflow creation and
aims to reduce errors and increase safety with easy-to-understand visual instructions that overlay the real world.

turers believe digital twins are relevant only to larger

The company notes that most of the interest it has received

companies. He disputes this, noting there are several

to date has been from North American clients. However, it

publicly-funded programs that ‘make the technology

has seen a recent increase in interest among European and

relevant to manufacturers and show it is not out of their

APAC manufacturers as the result of the COVID-19 pande-

reach.’ He points to his company’s collaboration with

mic and global technology trends.

the VR CAVE as an example.

loading, tool-changing, and cleaning. The envisioned fleactivities, increasing time-to-market and streamlining pro-

Arvizio

manufacturers. Azzopardi says many smaller manufac-

While the pilot project was the first step, Laval’s medi-

xible manufacturing cell would automate several of these

Digital twins offer benefits to small and medium-sized

Insights from Technology Providers and
Ecosystem Partners

3.

Start small and take measured risks. Company leaders
must be willing to take risks when embarking on any
project that involves emerging technologies. It can be
difficult to forecast costs when the learning curve is
steep. Pilot projects and staged or phased implementation can help manage risks and costs, and provide
valuable learning experiences.

Arvizio believes that younger persons prefer learning from
and working with interactive digital technologies (as opposed to print media). The company notes that its products
help bridge the knowledge gap between early career professionals and those close to retirement. Arvizio software
solution can be deployed over existing telecommunication
networks including Wi-Fi, no additional infrastructure investment is required.

EXO Insights
EXO Insights is a Waterloo-based company that develops
digital twins and simulations of high-risk, mission-critical
environments where safety and precision are vital, using
augmented and virtual reality technologies. The company
serves the nuclear and defense industries primarily. One of
the applications of their technology involves digitally replicating nuclear reactor control rooms and creating immersive simulations used to train personnel for situations that
are not possible to replicate due to safety concerns. EXO
also creates digital twins of humans using biometric sensors. These digital twins measure factors such as fatigue
and alertness to create models to analyze performance,
identify sources of errors, and improve spatial awareness.
EXO observes that many manufacturers have legacy systems that become less compatible with emerging technologies over time. Digital twins can complement these legacy systems, although they may require hardware upgrades,
such as IoT sensors, to be effective.
EXO’s strategy involves approaching companies with dedicated digital transformation programs and staff. As the
business cases for digital twins increase, interest in aerospace, medical device, and pharmaceutical industries has
grown. According to EXO, those companies most interested in digital twins are primarily from industries where the
financial and human cost of errors is high, and from companies where managers are genuinely interested in digital
transformation.
Hive Virtual Plant
The Hive Virtual Plant, a Georgetown, Ontario-based company, builds virtual replicas of factories and production
equipment to support equipment installation and removal.
Hive Virtual Plant uses LiDAR scanners to generate 3D physical replicas. In addition to equipment installation and removal, the company’s technology digitizes documentation
related to production equipment (e.g. schematics, maintenance history) so that these documents can be accessed
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virtually. The company has implemented a small number of

vement loop. Manufacturers have become increasingly

investments may take time, however, they are increasingly

projects for manufacturers to date but generally struggles

aware of what is possible with the data they collect. Howe-

important to help transform businesses and prepare them

to generate new business within the sector. This is, accor-

ver, they may not be aware of the full range of tools that are

for the future.

ding to the company, due to apprehension and a lack of

available to help them optimize processes.

familiarity with digital technologies among manufacturers.

The Invest WindsorEssex VR CAVE
Digital twins offer significant benefits to companies ope-

Siemens

rating in process-based industries such as food & bever-

The Invest WindsorEssex Virtual Reality Cave Automatic

age, oil & gas, and chemical manufacturing, according to

Virtual Environment (VR CAVE) is Canada’s largest pu-

Siemens is a pioneer in digital twins and artificial intelligen-

Rekhi. Many of these companies have already invested in

blicly-accessible VR environment that was brought to life

ce (AI) technologies for manufacturing. Gorve Rekhi, of the

R&D to optimize their processes, and digital twins and ar-

through the Province of Ontario’s Autonomous Vehicle In-

Siemens Canada Digital Enterprise business, emphasized

tificial intelligence represent natural steps in the evolution

novation Network (AVIN) administered through the Ontario

that digital twin technology is well-established and its ap-

of such companies’ production technologies. In discrete

Centre of Innovation (OCI). Designed to support simula-

plication of it has enabled many benefits across industries.

manufacturing, automotive, aerospace, and machinery ma-

tion testing of Ontario-based SMEs working on connected

However, he also noted that applying digital twins requi-

nufacturers have also expressed considerable interest in

and autonomous vehicle (CAV) technologies, the use cases

res a mindset change among companies and even entire

digital twins. For example, automotive manufacturers can

grew and now include supporting the province’s advanced

industries. The application of digital twins requires close

leverage multi-physics simulations to test the use of new

manufacturing sector. The VR CAVE serves as a teaching,

collaboration between the technology partner and the

composite materials or use digital twins to confirm the per-

training, research, and testing resource for manufacturers

customer as each customer has its unique objectives and

formance of a new electric vehicle architecture.

and other ecosystem partners.

tal twins differently than other traditional automation tech-

These technologies are becoming increasingly affordable

To date, the VR CAVE has collaborated with a variety of ma-

nologies (e.g. PLCs).

and accessible to small and medium enterprises (SMEs).

nufacturers in the region to develop digital twin use cases

challenges. Companies, therefore, need to approach digi-

According to Rekhi, SMEs are generally quite open and

and pilot projects. Simulation team members at the VR

Digital twins have been in use for quite a while but their

flexible; and they should be encouraged and supported

CAVE promote the use of digital twins for training as well as

capabilities and applications have evolved over the years.

to adopt innovative technologies to give them a compe-

simulating and testing products and processes, plant lay-

Traditionally they have been deployed for various appli-

titive advantage. However, the lack of internal resources,

outs, design reviews, and improving customer experience.

cations in design and production. With the emergence of

like a dedicated IT team, may present hurdles for smaller

The center relies on CAD/CAM data from collaborating

the industrial internet of things (IIoT) and applied AI, which

companies. In such cases, SMEs can connect with external

companies and partners to build virtual replicas and digital

enables capturing field data and using it for machine lear-

partners to get support in areas where they lack strength.

twins. Some of the early challenges that VR CAVE staff fa-

ning (ML), the digital twins have expanded across the pro-

However, navigating through the complex web of provi-

ced were related to software and programming language

duct lifecycle. Manufacturers use digital twins to initially

ders, developers, and solutions and finding the right fit is a

capabilities. According to the Simulation Team at the VR

confirm the performance of a product they are developing.

challenge on its own.

CAVE, developing a basic digital twin can take anywhere

But they also use it to build a full virtual representation of

from three to four weeks, while a more complex and inter-

how a product or a process performs in real life to enable

Rekhi recommends that SMEs implement digital twins in-

active application may require six months to a year to com-

the true closed-loop digital twin. Digital twins can then be

crementally and through smaller-scale pilot projects to

plete. A great deal was learned through the pilot program

extended to generate more data for ML algorithms when

demonstrate value. Digital twins are scalable and offer

in partnership with St. Clair College, and interest continued

the operation data is not available or be used to predict

opportunities to analyze important aspects of the business

to grow. The program is now into the second phase, whe-

failures of critical components.

throughout the implementation process. This can help tai-

re the Research and Development team at St Clair College

The level of adoption of digital twins across the full lifecyc-

lor the form of digital twins.

with support from the team at the VR CAVE will assist more

le varies in the industry depending on the customer’s level

advanced manufacturers to embrace the benefits of digital

of technological maturity and the area of the business they

ROI varies from project to project, so it is crucial to define

are looking to improve.

what success means to your project (cost reduction, waste
reduction, better material flow, etc.). Use references with

The core requirement for closed-loop digital twins is to

similar use-cases to set expectations.

have the ability to represent virtually the product or process and have an accurate and comprehensive field of ope-

Finally, Rekhi notes that implementing digital twins and

ration data. The objective then is to continuously provide

artificial intelligence technologies requires support from

data feedback to the digital twin to have a constant impro-

multiple stakeholders and a collaborative mindset. These

twinning.
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Discussion and Recommendations

Digital twins are valuable to manufacturers. That said, investing in digital twins carries some risk. To minimize the-

Conclusion

se risks, manufacturers may consider some of the following
Digital twins are an important component of Industry 4.0

traceability in the aerospace industry had already required

and the future of advanced manufacturing. While their ap-

the company to establish robust data collection systems be-

plications, costs, and benefits vary among manufacturers

fore implementing digital twins. In Laval’s case, the full sup-

and industries there are several commonalities between

port of the company’s owner and CEO ensured support and

companies’ motivations, challenges, and implementation

resources for the project from conception to completion.

practices:

zes as an important tool to drive productivity improvements.
Before implementation:
•

Identify business needs and challenges, and ensure
that digital twins can address these;

•

strategies.

Set goals, objectives, and a realistic timeline (preferably
one with several intermediate steps);

A company’s capacity and willingness to invest resources
•

Estimate an expected ROI, or at least a minimum neces-

Every manufacturer we spoke with was aware of the capacity

to implement digital twins is crucial. While CenterLine fi-

for digital twins (and Industry 4.0 generally) to transform ma-

nanced its investments in digital twins on its own, Avcorp

nufacturing. Moreover, they believe that digital twins were

and Laval’s digital twins initiatives were funded partially by

a linchpin to the adoption of other Industry 4.0 technologies

government programs. In Avcorp’s case, the Digital Tech-

and digital production technologies. They were thus willing

nology Supercluster provided funding, while Laval’s close

to take some risks and commit resources to adopt and imple-

working relationship with the VR CAVE helped make it aware

can be built in-house, and those requiring third-party

ment digital twins. Being aware of the benefits, being willing

of the potential benefits of digital twins and aided initial im-

assistance.

to take action, and developing an implementation plan was

plementation. The latter cases demonstrate the importance

common to all three companies featured in this report.

of financial and non-financial support from government-fun-

goal (rather than short-term), consider making invest-

ded initiatives in generating the interest and building the

ments in hardware and software that are compatible

The driving forces that led to the implementation of digital

capacities that encourage manufacturers to invest in digital

with digital twin technologies.

twins were internal, external, or both. In Avcorp’s case, achie-

twins.

sary ROI.
•

Identify the risks associated with financial and operational requirements.

•

•

•

Determine what capacities exist in-house, those that

If implementing digital twins is a medium- or long-term

Generate awareness, interest, and support among managers and staff as early as possible.

ving a better understanding of a particular manufacturing
•

Identify any ecosystem partners, such as universities,

process through digital twins led to production efficiencies,

The difficulty in estimating the ROI associated with imple-

increased product quality, and reduced costs. In CenterLi-

menting digital twins remains a challenge for manufacturers.

colleges, or other publicly-funded organizations (e.g.

ne’s case, external factors, such as reduced time to market

Digital twin projects involve several budget items, including

NGen, Digital Supercluster, IRAP, National Research

to meet customer expectations and reduced post-installa-

hardware, software licenses, software development, and

Council, VR CAVE) that are familiar with and offer sup-

tion ‘rework’ to improve customer satisfaction and minimize

recruiting new staff. While some costs can be more easily

port at any stage of the project.

costs appeared most important. At Laval, both internal and

itemized (e.g. hardware purchases), the total cost of others

external factors proved important. The company wanted

is more difficult to predict. The investments necessary to

to improve the efficiency of its operations and increase fle-

properly implement digital twins may also evolve alongside

xibility as a result of increased overseas competition. The

the project. This is especially the case for software. This le-

common thread across the three companies was that digital

vel of uncertainty has slowed the adoption of digital twins by

twins are a precursor to future success and competitiveness.

manufacturers.

Several company-specific features helped even the most

The monetary value of the benefits associated with digital

highly-motivated manufacturers achieve the successful im-

twins is also difficult to estimate. There are several reasons

plementation of digital twins. Familiarity with IoT sensors

why this is the case. Isolating the benefits obtained from di-

and advanced data collection and analytics were important,

gital twins compared to the benefits obtained from broader

as were the capabilities of the existing workforce.

investments in digitization is difficult. The same is true for

Once a manufacturer decides to implement digital twins:
•

In

implementation process.

lessons learned in pilot projects.
•

These may include the impro-

CenterLine’s case, long-term engagement with simulation

ved ability of managers to make decisions associated with

technologies helped the company implement digital twins

a better understanding of production processes. Improve-

through a series of incremental upgrades to existing sys-

ments in data collection processes may also offer wider but

tems. In Avcorp’s case, the importance of parts and process

hard-to-quantify benefits.

Start at the beginning. Identify potential pilot projects.
Scale-up incrementally and based on experience and
Seek to continuously improve data collection and analytics capabilities, including those that seem conceptual. These will be critical to successful implementation.

•

Recruit and develop personnel with digital twins in
mind.

•

Encourage collaboration among key internal stakeholders, especially across departments and/or divisions

certain operational efficiencies achieved throughout the
A supportive management team was also essential.

Digital Twins are increasingly seen by manufacturers of all si-

(e.g. IT and production/operations).
•

Identify capabilities within existing suppliers, customers, and collaborators.

•

Train staff in parallel with implementation, and break
the project into phases to help keep pace with training.

It can help manufacturers to replicate a physical object or
process and produce valuable insights and information.
Well-designed Digital Twins have the potential to become
a single source of truth and enable traceability. SMEs who
bravely pave the path in investing in digital twins are more
likely to leapfrog the competition. The case studies presented in this report are a few examples of how Canadian
manufacturers have used Digital Twins in their digital transformation journey.
Organizations like NGen and the Trillium Network see digital
twins as an opportunity to improve Canada’s manufacturing
sector. Increased adoption of digital twins can also help increase the adoption rates of IoT, AI, VR, Blockchain, and other advanced manufacturing technologies. Investing wisely
in such technologies can help Canadian manufacturers and
our technology companies to collaborate and grow Canada’s prominence in advanced manufacturing.
Statistics Canada studies show that Canadian businesses are
keen on optimizing their existing processes and introducing
new process technologies. Digital twins, as seen in the case
studies, can play a critical role in this process optimization
effort. Organizations like NGen are here to raise awareness, enable collaborations, and potentially provide financial
support to drive advancements in advanced manufacturing
technologies and grow Canada’s advanced manufacturing
sector. NGen’s Canada-wide member network and its partnership with the Trillium Network can be useful resources to
find partners in the digital transformation journey.
Placing due attention on data privacy, data security, and interoperability issues is critical to the success of any Digital
Twins initiative.

When considering implementing Digital

Twins, it is important to focus on a company-wide transformation that offers extensive benefits and a potentially significant ROI. Several thought leaders see Digital Twins as the
beginning of the Industrial Metaverse. It is time for us to act
now and be at the forefront of developing and adopting these advanced technologies, optimizing our manufacturing
processes, and securing our manufacturing future.
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