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A physical entity’s digital twin (DT), which vir-
tually represents and accurately describes a 
product at micro and macro levels,1 can of-
fer a number of benefits. In the agriculture 

industry, for instance, in which DT adoption is rapidly 
increasing, DTs can facilitate the remote monitoring of 
crops, soil health, and livestock and farm management, 
where they can eliminate place and time constraints en-
countered by humans.11 DTs of assets such as bridges, 
cell towers, and cranes enable condition-based, rather 
than time-based, monitoring, which makes it possible to 
analyze current and historical data to identify mainte-
nance issues. Such an approach can significantly reduce 
downtime and repair costs.2 In the health-care industry, 
the use of virtual patients and DTs of internal organs can 
lead to faster regulatory approvals of medical products 
for ailments such as heart disease, which means that 

patients can get quicker and safer 
access to new treatments.12

The falling costs of storing and 
t ra n sm it t i ng d at a; adva nces i n 
computing and technological in-

novations and tools, such as artificial intelligence (AI), 
machine learning (ML), big data analytics, and the In-
ternet of Things (IoT); and ubiquitous connectivity have 
made it feasible to develop and implement DTs in many 
settings. The global DT market was estimated at US$3.1 
billion in 2020, and it is predicted to reach US$48.2 billion 
by 2026.13

DTS IN VARIOUS SETTINGS
Table 1 describes DTs in different settings. For example, 
Shell Nigeria Exploration and Production deployed a 
structural DT for the Bonga oilfield’s floating produc-
tion, storage, and offloading (FPSO) facility, a vessel for 
producing and processing hydrocarbons and storing 
oil.3 It is arguably the largest asset in the world to be 
protected by a structural DT. The Bonga FPSO has a ca-
pacity of 225,000 barrels per day and weighs more than 
300,000 tons. The DT was designed by the Swiss com-
pany Akselos. The DT helps Shell achieve a number of 
operational objectives. It can identify critical areas and 
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develop prioritized inspection, main-
tenance, and repair plans. It reduces 
the number of personnel on the FPSO, 
and it could minimize physical in-
spections in areas such as cargo tanks 
that are hard to reach. Finally, it pro-
vides support for planning in times 
of crisis, including extreme weather 
events, and in situations that demand 
asset modifications.14

Government organizations are also 
developing DTs. In Singapore, the Na-
tional Research Foundation created a 
virtual version of the city as a 3D se-
mantic model, in which data can be re-
lated to the real world.15 Such a repre-
sentation can display land attributes, 
different forms of transport, and 
components of buildings and infra-
structures.16 A number of other geo-
graphical areas and communities are 
at various stages of developing DTs. In 
India, the capital of Andhra Pradesh, 
Amaravati, is developing DTs. The cit-
ies Glasgow, in the United Kingdom, 
and Boston, in the United States, are 
also developing DTs. In 2018, the Cen-
ter for Digital Built Britain, Cambridge 
University, launched the National Dig-
ital Twin project to support a network 
of DTs in the United Kingdom.4 To help 
residents participate in the delivery of 

a new energy network, Scotland’s Or-
kney Islands developed a 5G-powered 
DT.17 Orkney was connected to 5G net-
works before most major cities in the 
United Kingdom, under the country’s 
5G Rural First initiative to link isolated 
populations.18

The European Union’s (EU’s)  Des-
tination Earth (DestinE), which is a 
virtual representation of Earth, is 
among the most high-profile exam-
ples of a DT. DestinE is expected to 

be implemented by 2027. It aims to 
monitor and simulate natural phe-
nomenon, such as those associated 
with the atmosphere, oceans, ice, and 
land, as well as human activities. Its 
goals are to develop and test scenar-
ios to enable sustainable development 
and to support the EU’s environmen-
tal policies.19 It is expected to provide 
forecasts of extreme events, includ-
ing floods, droughts, and fires, many 
days, and even years, in advance. Pol-
icy makers can analyze the impacts 

of climate change and assess the ef-
fectiveness of various measures to 
combat it.5 DestinE also changes the 
model of collaboration by providing 
new opportunities to integrate vari-
ous disciplines. For instance, the cur-
rent practice is to extract data from 
models built by climate scientists and 
pass that information to experts in 
areas such as agriculture, economics, 
and sociology. The latter groups use 
the information to understand the 

relationship between the climate and 
human behavior. DestinE will inte-
grate these fields. This means that 
models of floods, droughts, and heat 
waves as well as those of migration, 
economics, and pollution will be on 
the same platform.6

Finally, DTs of internal organs, 
such as the heart, can help to com-
plete the design, and gain regulatory 
approval of, medicinal products and 
interventions in a fast and cost-ef-
fective manner. One example is the 

TABLE 1. Examples of DTs in various settings.

Setting Example Explanation Remarks

Company assets Shell Nigeria Exploration and 
Production’s DT for the Bonga 
oilfield’s floating production, 
storage, and offloading facility

Helped achieve operational 
objectives related to inspection, 
maintenance and repair, and 
planning in times of crisis

The world’s largest asset to be 
protected by a structural DT

Geographical area, 
community, or 
political unit, such as a 
city or country

Virtual Singapore platform 3D semantic model displaying 
land attributes, different forms 
of transport, buildings, and 
infrastructures

NRF spent US$73 million over 
five years to develop15

Planet Destination Earth Aims to monitor and simulate 
natural and human activities

Core digital modeling platform 
expected to be operational in 2023
Full DT developed in 2027

Internal organs of the 
human body

Living Heart Project Living Heart Model used to design 
and test new devices and drugs

Less animal testing and fewer 
patients required for trials

DTs of assets such as bridges, cell towers, and 
cranes enable condition-based, rather than 

time-based, monitoring.
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Living Heart Project, begun in 2014, 
which is powered by the French soft-
ware corporation Dassault Systems’ 
3DExperience platform. The project’s 
Living Heart Model is used to design 
and test new devices and drugs. DTs 
make it possible to arrange and exe-
cute an in silico clinical trial through 
individualized computer simulations 
to evaluate a drug, medicinal device, 
or intervention. Such an approach will 
reduce the need for animal testing and 
the number of patients required to 
participate.12

COST–BENEFIT, 
TECHNICAL, AND OTHER 
CONSIDERATIONS
DTs offer a number of benefits. By 
improving process efficiency and au-
tomation, they can reduce costs. In a 
modular construction, for example, 
the Canadian technology company 
CadMakers uses DTs. While building 
an 18-story tower–Brock Commons 

Tallwood House at the University of 
British Columbia, Vancouver, a DT was 
used to plan the prefabrication, which 
involves assembling components of 
a structure at a separate location and 
transporting complete assemblies or 
subassemblies to the construction site. 
The project included a simulation of 
the on-site module assembly and was 
completed in fewer than 17 months, 
ahead of schedule.20

DTs can aid in identifying and man-
aging various risks. For instance, they 
can help cities to prepare for environ-
mental hazards, such as flooding. 
They can also help pedestrians avoid 
areas that are highly polluted.2 In the 
oil industry, the demands of operat-
ing with social distancing measures 
due to COVID-19 increased DTs’ value 
proposition. The North Sea oil indus-
try reported multiple COVID-19 cases. 

Workers at Mexico’s state-owned oil 
producer, Pemex, were found to be 10 
times more likely than the average cit-
izen to die from the virus.27

The key to realizing such benefits is 
to have high-fidelity DTs. Ideally, a DT 
replicates every detail of the original 
object.20 However, there is often a gap 
between what is ideal and what is re-
alizable. High costs and a lack of tech-
nical feasibility and access to relevant 
data may constrain the ability to ben-
efit from DTs. A central consideration 
is whether DTs can capture necessary 
multiphysics and multiscale interac-
tions associated with their physical 
twins. Note that multiphysics systems 
involve closely coupled interactions 
among separate so-called continuum 
physics: phenomena in which “balance” 
laws such as mechanics, thermome-
chanics, and electrodynamics govern 
motion and equilibrium.21 For example, 
a cell phone is single device but involves 
a multiphysics system. The cell phone’s 

antenna receives electromagnetic waves. 
The touch screen and buttons have me-
chanical and electrical components 
that interact with one another. The 
battery involves chemical reactions 
and the movement of ions and electri-
cal current.22

It is important to consider the level 
of detail in which different aspects of 
the physical system are modeled to 
meet desired outcomes.7 The degree 
of DT fidelity describes the power and 
accuracy of the multiphysics model. It 
is a function of the number of param-
eters transferred between the physi-
cal and virtual entities, their levels of 
accuracy, and abstraction.1 The entire 
system is represented at the highest 
level of abstraction, and the lowest 
level could involve many components. 
High-fidelity modeling may result in 
an extremely complex DT, which could 

be costly to implement. High-fidelity 
multiphysics and multiscale models 
may also require huge amounts of 
computing power and take a long time 
to process. A low-fidelity and simpli-
fied solution, on the other hand, can-
not capture necessary multiphysics 
and multiscale interactions.

There is the need to improve stan-
dardization and interoperability to in-
crease the benefits of DTs.8 DT standard-
ization initiatives are quickly emerging 
in some industries. For instance, phys-
ical assets in the oil and gas industry 
undergo rigorous assurance processes 
throughout their lifespans to ensure 
the highest performance. There is cur-
rently no requirement to subject DTs to 
such procedures. Companies and trade 
associations are working to develop 
DT-related standards and best prac-
tices. The quality assurance and risk 
management company DNV GL and oil 
and gas company TechnipFMC teamed 
up to publish the oil and gas industry’s 
first recommended practice (RP) to build 
and quality-assure DTs. The goal is to 
guide professionals through 1) assessing 
whether a DT can meet stakeholders’ ex-
pectations, 2) establishing confidence 
in the data and computational models 
that a DT runs on, and 3) evaluating an 
organization’s readiness to work with 
and evolve alongside a DT. The RP is ex-
pected to increase DTs’ trustworthiness 
and return on investment.23

COMBINATION WITH OTHER 
TECHNOLOGIES AND TOOLS
A DT’s value can be amplified by com-
bining it with other technologies 
and tools. Data mining techniques, AI, 
and ML can analyze the model of op-
erations represented by a DT. In a sup-
ply chain, for instance, these tools can 
process and evaluate multiples sources 
of data to learn about many facets, di-
mensions, and contexts to accurately 
forecast operation and performance.9 
DTs play a key role in augmented re-
ality, which involves the real-time in-
tegration of digital information with 
users’ environments. A DT follows 
a product’s location and movement. 

The global DT market was estimated at US$3.1 
billion in 2020, and it is predicted to reach  

US$48.2 billion by 2026.
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Images that are overlaid onto the real 
world through real-time sensor data 
and analytics can be used to perform 
product maintenance and services.24

In a blockchain-based supply chain, 
a DT can function as a reference point 
to check information in a ledger, which 
can enhance traceability and the trans-
parency of operations. The blockchain 
platform for the lifestyle company 
Lukso utilizes DTs of physical goods, 
such as jackets and shoes, which are 
stored on a blockchain. Tokenized as-
sets are transferred along with their 
physical twins to prove ownership. In 
this way, top fashion designers and 
luxury merchants can display their col-
lections and enhance their reputations 
in the digital world. During Helsinki 
Fashion Week 2020, viewers could pur-
chase digital garments and have their 
images “dressed” in them. Helsinki 
Fashion Week worked with Lukso to 
transfer ownership.10

LIMITATIONS AND BARRIERS
There are several limitations and barri-
ers to utilizing DTs. Generating a robust 
DT of a product or process may not be an 
easy task. In some cases, the inacces-
sibility and unavailability of relevant 
data can hinder the development and 
implementation of a DT. For example, 
a comprehensive DT of a supply chain 
requires historical and real-time in-
formation. Data need to be streamed 
from various sources, such as IoT sen-
sors, inventory management, ware-
house management, fleet management, 
track-and-trace and cold-chain monitor-
ing, and enterprise resource planning, 
which consists of software and systems 
to map and manage supply chains, man-
ufacturing, services, finances, and other 
processes. A DT also needs data related 
to product lifecycle management, which 
entails manufacturing and marketing 
products as they move through suc-
cessive stages, such as development, 
introduction, growth, maturity, and 
decline, as well as those related to en-
terprise asset management systems, 
which provide a comprehensive view 
of an organization’s physical assets 

and infrastructure during their lifecy-
cle (for example, design, procurement, 
operation, maintenance, disposal, and 
replacement). Relevant data are also 
required from a company’s suppliers 
as well as suppliers’ suppliers. The 
challenges to accessing data related to 
products and processes outside an or-
ganization are especially prominent.9

While many cities are implement-
ing them, DTs may not be much help in 
addressing urban challenges, such as 
social inequality and housing crises. 
A DT is unlikely to address underlying 
sociopolitical issues.25 Finally, due to a 
low degree of digitization, developing 
economies are unable to benefit from 
DTs. The computing power needed to 
create high-fidelity multiphysics and 
multiscale models is enormous and 
beyond the reach of countries that lack 
computing power and bandwidth.26 
For instance, mobile networks cover 
only 30% of the population of Burundi, 
which stands in stark contrast to areas 
such as Singapore and Orkney.

DTs provide many economic, 
hea lt h, socia l, and environ-
mental benefits. They help or-

ganizations improve efficiency, reduce 
costs, and manage risks in a more sys-
tematic and effective manner. DTs of in-
ternal organs, such as the heart, make it 
possible to test new drugs and devices 
quickly and safely. A DT of Earth, such 
as DestinE, can provide accurate and 
timely forecasting of extreme events, 
including floods, droughts, and fires. 
In many developing countries, the de-
velopment and implementation of DTs 
are hampered by technical and infra-
structural challenges. To maximize 
the benefits of DTs, it is important for 
developed countries to help digitize de-
veloping countries and offer them re-
sources, such as computing power and 
technical tools. 
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