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DTs are an extension of the focus on data-driven approaches across industries and use cases. A DT is a virtual representation of a physical object known as a physical twin. Using real-time data, DTs are capable of instantly reflecting any changes in the physical twin in their digital copy. DTs differ from standard simulations–which use static data and study a single process–because they can run simulations on multiple processes. There are broadly four categories of DTs, each increasing in the magnitude of the type of asset or process being virtually represented. This includes the simplest form, known as a component or part twins, which could be as simple as extracting data from a sensor in the nuts and bolts of a particular piece of equipment, to the broadest form, known as a process twin to represent production factories virtually.
[bookmark: _gg636dyfnpk]Types of DTs
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Source: IBM, Unity
In order to build DTs, the physical twin is fitted with IoT devices to collect data (e.g., indicators of asset health and temperature), which is processed and applied to its digital copy. The data is sourced from drones, sensors, and satellite images; the DT’s accuracy to simulate the physical twin is greatly influenced by the amount of data used. Using a combination of ML models and data visualization, the DT can run simulations to understand the performance and efficiency of the physical twin and also how it changes under several real-world scenarios, including how it is performing in the present and predicting how it will perform in the future. DTs are similar in appearance to their physical counterparts (e.g., a wind turbine, a car, an off-shore oil rig, or factory equipment), and, in some instances, such as those used in product development and design, are developed before the physical object that they replicate.
[bookmark: _wrt5hjo31ap7]How do DTs work?
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[bookmark: _lhirfwecu8hw]What’s bringing DTs to life?
[bookmark: _46xx4ylmanmj]1. Advancements in IoT sensors and reducing costs make data collection more comprehensive
The more data that the DT can extract from assets, the better its performance, making real-time operational data imperative for the functionality of DTs. The enhancements in the underlying technology with the introduction of micro-electro-mechanical systems (MEMS), micro-sensor implants, and biodegradable sensors have made sensors more compact and dynamic to extract more detailed data in real time. At the same time, the use of DTs has become widespread due to the significant decrease in the cost of sensors (average cost of USD 0.44 in 2024 vs. USD 1.38 in 2004).
These twin factors have been a catalyst for the emergence of IoT technology, especially in factory automation and industrial processes known as IIoT (for more details refer our Smart Factory industry hub), which significantly improves the integration of software and physical assets, making the DT data collection process more prolific. This is expected to continue according to Cisco’s Annual Internet Report, which forecast the number of machine-to-machine (M2M) connections to reach 14.7 billion by 2023 from 7.4 billion in 2019. Moreover, 50% of all networked devices are projected to be IoT-based by 2023.
[bookmark: _yd7r0znazb5d]2. Evolution in computing infrastructure, AI/ML, and analytics streamline DT modeling
Due to the vast amount of data that DTs handle, gleaning meaningful insights can be a challenge. Data analytics and modern visualization tools (e.g., computer-aided technologies for design, engineering, and manufacturing), which incorporate interactive 3D, VR, and AR capabilities, supported by advancements in AI/ML (use of supervised/unsupervised learning and deep learning), which assist in handling significant amounts of data, have improved the ability to parse through data faster and identify appropriate data points for simulations. Access to superior computational power and storage as well as low latency networks contribute to the enhanced processing of DTs. Moreover, startups such as CONXAI, which caters to the construction industry, have incorporated no-code capabilities, which could allow DTs to appeal to a wider, non-technical customer base.
DT is further enhanced with GenAI, providing unparalleled levels of intelligence and adaptability, enabling them to simulate complex scenarios with greater precision and efficiency. Cognite has launched a GenAI-powered remote operations control room featuring interactive dashboards, voice command access to key metrics, and real-time safety and reliability insights. NVIDIA, a DT incumbent company, also leverages GenAI to offer clients an immersive experience and facilitate virtual design, construction, and validation processes for products, manufacturing, and factories. 
[bookmark: _i8zkfm6qa29a]Segmental Overview
Since the days of the Apollo program, the application of DTs has spread to other sectors, including automotive, construction, real estate, and power and utilities. The main appeal of DTs is their ability to assist companies to enhance process efficiency to drive down operational costs and time to market and stay on top of evolving consumer needs. ABI Research projects that cities would achieve USD 280 billion in cost savings by 2030 through the use of DTs for urban planning. In the automotive sector, Rolls Royce used DTs to conduct safety evaluations of engine parts and reportedly halved its test analysis times. In addition, the Hong Kong International Airport developed DTs to aid in the design and implementation of new projects, passenger service, and maintenance.
We have identified key DT use cases below:
· Maintenance and monitoring: To facilitate the real-time monitoring of asset performance from which it uses data to simulate and predict possible repair and maintenance requirements before any functionality issues arise. In addition, these solutions can help analyze geography to optimize land utilization
· DT modeling: Used for capturing the necessary data (e.g., factory floor plans) and offering analytics for a variety of use cases 
· Planning and management: To gain insights for use in commercial planning, logistics and distribution, and other supply chain processes
· Predictive assessments: To identify risks and recommend solutions in areas such as disaster management (by creating virtual replicas of vast geographical areas), the creation of human DTs for DNA testing, and clinical trials (to simulate effects of treatments)
· Building and design: Used to design and build components contributing to smart cities, roads, airports, public transportation systems, etc.
[bookmark: _2vqzosuthi9j]Key segments within the DT landscape
[image: ]
However, we exclude the following areas when selecting companies for this industry:
1. 3D commerce, virtual showroom, and retail store virtualization software (covered under Content Creation Tools) 
2. Pure-play simulation software, which often represent static simulations (digitized objects not run on real-time data)
3. Software and solutions that use DT tech for digital rendering of NFTs or other digital assets and social virtual worlds (e.g., metaverse platforms)
[bookmark: _21mo03ki3tdo]Driving factors
[bookmark: _jg3oxcw7iinr]1. DTs can reduce monitoring costs and prevent unplanned repairs and maintenance
DTs enable enterprises to monitor and evaluate physical assets in real time at significantly lower costs, both in financial and human resource terms. The current monitoring processes for physical assets are usually based on periodic manual inspections, which can be costly and dangerous depending on the nature of the asset. Additionally, due to the risks of failure or damages between inspections, most physical assets are designed with a higher degree of tolerance, resulting in heavier products, which, in turn, require more frequent monitoring and maintenance.
In addition to saving operating costs, a DT has the potential to save costs in the product development and testing stages. Specifically, companies are able to simulate the planned production process using DTs and identify potential failures in the product and production process, both under normal and unexpected scenarios. This improves risk assessment and allows companies to proactively adjust new products to improve the reliability and efficiency of future products and production. In one instance, a manufacturing company was able to reduce the labor force required for structuring the design process by nearly 85%. 
Looking at other potential users of DT, it is estimated that smart cities could save up to USD 280 billion over 2021 to 2030 through the deployment of DTs for urban planning and management of physical infrastructure.
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[bookmark: _yew519x8clxa]2. Ability to run multiple simulations quickly can speed up product development timelines
DTs allow companies to continuously evaluate potential new products to identify risks and potential failures earlier in the development cycle. As a result, companies can avoid multiple test and repair loops by proactively addressing risk factors during development, thus speeding up time to market. Looking at AI as a whole, DTs are estimated to be able to reduce the time for implementation of AI-driven capabilities by up to 60%.
Another benefit in terms of speed is in the production process; similar to the cases on cost savings, the ability to run various simulations helps to identify potential improvements in the production process before implementation. These improvements would reduce the production time per unit. 
A clear example of this is the pharmaceutical industry, where companies are applying DTs to monitor the production process, including bioreactors where drug manufacturers grow new medicines. DTs are able to simulate potential mixing conditions to identify the best set of conditions for this growth process and refine it to ensure production in a timely manner with high-quality yields.
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[bookmark: _yiqtjidud3sl]3. DT simulations can identify optimal operating conditions and drive revenue generation across industries
In addition to providing savings in terms of costs and time, DTs have the ability to unlock incremental gains in revenue for companies across industries. Specifically, the collection of historical data and ability to run simulations using various conditions and changes in operating processes can quickly identify the optimal conditions for revenue generation.
Primarily, this can be seen in the industrial sector, particularly power generation, where minor changes in operating conditions like temperature and pressure can have significant impacts on the generated power output. Another example is the agricultural sector, where DTs are used to monitor environmental and biological conditions, including soil, climate, and crop conditions. Based on the data collected, farmers were guided toward planning choices that would maximize their yields and reduce the risk of wastage or losses.
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[bookmark: _2coup6le4c5]Risks to growth
[bookmark: _8p9gwb25oh87]1. Quality of data and interoperability of systems could compromise the accuracy and use of DTs
The accuracy of DTs largely depends on the quality of the data it is fed. The data needs to be error-free and uninterrupted for the sustainable function of the DT. Inconsistent and inferior data quality leads to underperformance and unreliable insights for decision-making. Adoption by enterprises will depend on how well they can develop methods to isolate and filter inferior data and close gaps in inconsistent data streams. 
Moreover, the interoperability of systems, which influences how data and models can be shared from one application to another, could hinder the mainstream adoption of DTs due to restrictions that can make it harder to scale them. For instance, incumbent players such as Siemens and Dassault Systèmes focus on facilitating the exchange of data for product lifecycle management. As enterprises come into the fold, they are likely to attempt integrating data from multiple vendors to then find out that they are unable to scale. The DT Consortium’s interoperability standards aim to mitigate this to an extent. 
[bookmark: _28emkgnjxkfo]2. Vulnerability to cybersecurity risks and privacy concerns
Effective management of DT cybersecurity will be imperative, as the links that DTs use to exchange data with their physical twin could be targeted by cybercriminals. This could have detrimental consequences for the physical twin, as control of sensitive data streams and physical assets in the hands of malevolent actors could deter enterprises from using DTs altogether. Moreover, DT players, especially those used in healthcare for predictive assessments such as clinical trials and DNA testing services, are privy to personal data. Therefore, startups need to ensure adherence to external policies and the implementation of internal best practices for data use.
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Segment

Maintenance
and monitoring

Digital twin
modeling

Predictive
assessment

Planning and
management

Building and
design

Description

Companies that facilitate the creation of
digital twins to monitor and maintain
assets, including buildings and network
infrastructure.

Platforms that facilitate digital twin
modeling by either collectively or
individually offering any combination of
data capture and analytics solutions.

Companies that offer digital twins to
assess risks and recommend solutions in
areas such as disaster management, DNA
testing, clinical trials (to simulate effects
of treatments), etc.

Companies that offer digital twins to gain
insights for use in commercial planning,
logistics and distribution, and other
supply chain processes.

Companies that offer digital twins to
design and build components contributing
to smart cities, roads, airports, public
transportation systems, etc.

Source: SPEEDA Edge research

Key companies

NavVls, Passivelogic,
Akselos, ThoughtWire

Cognite, Nexar, Seeq

Q Bio, Unlearn, Slingshot
Aerospace, Predictiv

Parkour SC, Decisyon,
Logivations

Hayden Al, CityZenith,
Lacuna
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Examples of Digital Twin cost savings

Industry

Energy

Oil and gas

Energy

Telecommunications

Source: SPEEDA Edge research

Company

GE Vernova
(formerly
GE Digital)

GE Vernova

GE Vernova

Asseti

Description

Using DTs, GE Vernova identified a significant
increase in vibrations in a gas turbine at a
power plant. The client conducted a further
inspection after the notice from GE Vernova,
and discovered significant damage to the
turbine. The client was able to repair the
components, and avoid further damage and
unplanned shutdowns.

Based on a monitoring of a water injection
pump at an oil and gas platform, GE Vernova
was able to identify a significant uptick in
temperatures in the enclosure. Upon further
investigation, a gas leak was identified, and
proactively fixed before causing significant
damage or delays.

The use of a digital twin at a power generation
plant enabled the early detection of a damaged
bearing in a boiler feed pump due to a minor
deviation in vibrations. This early detection
allowed the operator to replace the bearing
during a routine maintenance shutdown.

Asseti deployed its digital twin solution to
support a national telecommunications
company with network management at scale.
By integrating weather sensors and other
operational network conditions, up to 80% of
emergency repairs were eliminated.

Estimated cost
savings (USD)

UsD 1,900,000

USD 475,000

USD 93,000

30% reduction in
operating budget
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Examples of Digital Twin time savings

Industry Company
Oil and gas Shell
. Automotive
Automotive OEM
Renewable
Energy energy
generator

Source: SPEEDA Edge research

Description

With the support of Akselos, Shell was able to
reduce the time spent analyzing floating production
storage and offloading tanker boats, whilst also
improving the accuracy of the analysis.

Implemented a DT configurator to simultaneously
evaluate customer requirements, technical concepts,
and production costs. As a result, the company was
able to reduce the time spent getting the product to
market, along with an improvement in profit margins.

Used a DT to improve the engineering of a
hydroelectric turbine, by evaluating over one million
different designs in a matter of seconds compared
to hours previously. In addition to the time saved,
this identifies the design with the maximum
theoretical performance.

Estimated time
savings

Reduced analysis
time from 6
months to less
than 48 hours

20% reduction in
time taken to reach
agreement on
product
requirements

Reduced the
overall design
cycle time by 50%
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Examples of Digital Twin revenue generation

Industry Company
Energy GE Vernova
Energy GE Vernova
Agriculture Crop X
Manufacturing Cognite

Source: SPEEDA Edge research

Description

By using DTs, the client was able to improve the
solar thermal output by making adjustments to the
cooling tower’s performance.

Using DTs, the client was able to identify a potential
improvement in the operating temperature, which

would maximize net output and reduce net heat rate.

By applying DTs to monitor soil and crop conditions,
farmers are able to make informed decisions
relating to planning and crop growth, which would
help maximize yields.

Cognite developed a DT solution for Aarbakke, a
machine manufacturing company. The solution was
able to streamline operations, reduce costs, and
optimize processes across its manufacturing
facilities.

Estimated
revenue
potential

Increased solar
power output by
1.5%

Increased plant
power generation
by 0.6%

N/A

10% increase in
machine
utilization
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Component or part twins

The simplest form of a digital
twin, which mirrors a very small
functioning component of a
larger process or system. Eg.,
bearings, bolts, and valves
that go into a motor

N
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Asset or product twins

The digital twin of assets
(multiple components) working
together. They study the
interaction of these assets,
‘which can lead to actionable
insights

System or unit twins

The digital twin of multiple
assets working together (a
system). These twins will allow
users to study the interaction
of these assets, which can
lead to performance
enhancements

Process twins

The broadest coverage that
can be used to infer how
several systems work together
in an entire production or
manufacturing facility. Eg.,
these can be used to determine
‘which area of the production
floor is leading to delays
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