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Executive Summary

We are making strides towards an intelligent
world. When looking ahead to 2030, we hope
that the future will bring improved quality of
life, sustainable and green diets, and more
comfortable living spaces. We also look forward
to the end of traffic congestion and pollution in
cities, fully green energy, and a wide range of
new digital services. We dream of robots that
can do repetitive and dangerous work for us

so that we can devote more time and energy

to more valuable, creative work, and to our
personal interests. These are the goals that drive
exploration in every industry.

Huawei has held in-depth discussions with well-
known scholars, customers, and partners in

the industry to explore the intelligent world.
We have found that the rapid advancement

of the intelligent world has given rise to an
increasing number of new technologies and

scenarios and the exponential growth of related
industry parameters. Therefore, Huawei has
systematically updated the Intelligent World
2030 that was released in 2021 to show our
latest vision for the scenarios and trends in 2030
and adjust relevant forecast data accordingly.

Huawei is committed to bringing digital to
every person, home and organization for a fully
connected, intelligent world. In this report, we
examine the prospects for the intelligent world
over the next decade by analyzing macro trends
in healthcare, food, living spaces, transportation,
cities, enterprises, energy, and digital trust.

We believe in the infinite possibilities of the
intelligent world, but constant collaboration and
exploration among many different industries will
be required to build a better future.
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Outlook for Healthcare:
Smart Health Services Enhance Quality of Life

By 2030, ICT technology will further shift the — Huawei predicts that by 2030
healthcare system from traditional diagnosis and

treatment to full-lifecycle health management. Global general computing power
With ongoing Al innovations, accessible 0?11\3 (FP32) will reach 3.3 ZFLOPS,

healthcare services will significantly enhance a 10-fold increase over 2020.

quality of life. . .
Al computing power (FP16) will

—AZ~ reach 864 ZFLOPS, a 4,000-fold
increase over 2020.

Outlook for Food:
Data-driven Food Production for More Bountiful, Inclusive, and

"Green" Diets

By 2030, visualized data graphs for agricultural — Huawei predicts that by 2030
production will make precision farming possible.
Based on collected data, people will be able to
control factors that affect crop growth, such as
temperature and humidity, and create vertical

farms unaffected by the uncertainties of climate — 1YB of data will Pe generated
=— annually worldwide, a 23-fold

increase over 2020.

{@} There will be 200 billion
connections worldwide.

and weather.
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Outlook for Living Spaces:
Personalized Spaces with Novel Interactive Experiences

By 2030, we will no longer have to live with — Huawei predicts that by 2030

clutter. We will manage our possessions with a

digital catalog powered by a 10-gigabit network, . There will be 1.6 billion fiber
holograms, and other technologies. Automatic @ broadband subscribers.
delivery systems will bring household items from

shared warehouses to our doors whenever we PN 25% of homes will have access
need them. Intelligent management systems that to 10 gigabit fiber broadband.

control our physical surroundings for automatic

interactions will mean that the buildings where
we live and work may produce net zero carbon.
Next-generation IoT operating systems will
enable people to live and work in adaptive
environments that understand their needs.

Outlook for Transportation:
Smart, Low-carbon Transportation Opens up the Mobile Third Space

In 2030, new energy, autonomous driving, and — Huawei predicts that by 2030

vehicle-road-cloud synergy will enter the fast

lane, making vehicles into a mobile third space ? 82% of new vehicles sold will be
o—& electric vehicles.

outside our homes and workplaces.

In addition, by 2030, the whole-
483 vehicle computing power will
exceed 5,000 TOPS.
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Outlook for Cities:
New Digital Infrastructure Makes Cities More Human and Livable

Digital technologies ranging from digital — Huawei predicts that by 2030
infrastructure, cloud computing, and trustworthy
data spaces will make cities more livable and city = 84% of companies will have
governance more efficient. g ﬂ access to 10 gigabit Wi-Fi

" networks.

Outlook for Enterprises:
New Productive Forces, New Production Models, New Resilience

In 2030, new productive forces like collaborative — Huawei predicts that by 2030
robots, autonomous mobile robots (AMRs), and
digital employees will enter numerous industries, @ Every 10,000 workers will work

and the wide adoption of new productive forces J with 390 robots.

like industrial humanoid robots will significantly
One million companies are

7= expected to build their own
5G  5G private networks (including
virtual private networks).

improve quality and boost efficiency.

Cloud services are forecast to
{ ™ account for 87% of enterprises’
application expenditures.

Al computing will account for
“AlE 7% of a company’s total IT
investment.
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Outlook for Energy:

Intelligent, Green Energy for a Better Planet

The energy world will be centered on electricity,
with green hydrogen becoming a major player
by 2030. The solar PV and energy storage
industries will develop rapidly, expanding from
a few countries to the entire world. Power
plants will generate electricity from renewable
sources in lakes and near-shore marine areas. An
“energy Internet” will emerge, utilizing digital
technologies to connect generation, grid, load,
and storage, including virtual power plants and
an energy cloud. Network-wide intelligence will
be a reality.

Outlook for Digital Trust:

— Huawei predicts that by 2030

Renewables will account for
Q‘@ 65% of all electricity generation
globally.

Technologies and Rules Creating a Trusted Digital Future

By 2030, technologies such as digital identities,
post-quantum cryptography (PQC), digital
watermarking, privacy-enhancing computation
(PEC), and Al provenance and verification

will lay a solid foundation for the sustainable
development of digital civilization.

— Huawei predicts that by 2030

Privacy-enhanced computing
technologies will be used in more
than 50% of computing scenarios.

JAIBIR]
@)

100% of ICT systems will have
() aquantum-safe capacity or the
O/ capacity to migrate to quantum-
safe solutions
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Over the past decade, there have been significant
improvements in people’s health and well-being.
According to a United Nations report, global life
expectancy at birth reached 73.3 years in 2024, an
increase of 8.4 years since 1995. ' As people live
longer, finding ways to enhance the quality of life
is becoming a top priority.

As the global population ages, the demand

for healthcare is expected to surge. By

2030, there will be about 994 million elderly
individuals, and this figure is expected to rise
to 1.6 billion by 2050. * According to the World
Health Organization (WHO), global spending on
healthcare is already outpacing global economic
growth, and by 2030, there will be a shortage of
10 million healthcare workers worldwide, * 5.7
million of which will be nurses. *

Additionally, the negative impact of chronic
diseases and subhealth in general is increasing.
World Health Statistics 2024 reports that seven of
the top 10 causes of death are non-communicable
diseases (NCDs), and the premature mortality rate
is rising. The probability of dying between the ages

of 30 and 70 from cardiovascular diseases, cancer,
diabetes, or chronic respiratory diseases is now
227%".

Population growth is outpacing the production
of healthcare resources. According to the World
Population Prospects 2024, the global population
is expected to reach 10.3 billion by the mid-
2080s, up from 8.2 billion in 2024. This growing
population will place additional strain on
healthcare resources, making it harder to achieve
the Sustainable Development Goals (SDGs). For
example, in 2023, Africa’s population was twice
that of Europe, and by 2050, it is expected to be
3.5 times larger. ® However, healthcare resources
remain unevenly distributed—Germany currently
has 16 times more hospital beds per 10,000
people than Nigeria. ’ The aging population will
put even more pressure on healthcare resources.
By 2080, 2.2 billion people will be at or above the
age of 65, and they will outnumber the children
under the age of 18. ® To address these challenges,
countries and regions must invest in human capital
to ensure that healthcare and quality education
are accessible to all.
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In the future, healthcare must shift from being continuous and efficient services. This will

treatment-focused to comprehensive, life-cycle involve building an integrated and seamless
health management. By prioritizing universal health management network and establishing
access and improving the quality of care, the a city-centric smart health system to improve
future healthcare systems will be able to offer public health.

Direction for exploration: Unlocking the value of
health data, and shifting the focus from reactive
treatment to proactive prevention

According to the WHO, 60% of related factors to illnesses are correlated to lifestyle, ' making healthy
habits essential for well-being. With user consent, wearable devices can collect and analyze real-

time health data, and offer predictive insights and medical guidance with the assistance of a unified
Al architecture. This shift toward proactive prevention integrates health management into daily life,
connecting disease control, hospitals, health centers, and families to reduce the risk of a more serious
health condition arising.

Snapshot from the future: Building a knowledge graph to achieve
real-time and efficient health management

Thanks to the advancements in the Internet, lifestyle, reducing the likelihood of illness. For

loT, and Al, as well as the widespread adoption instance, a study by Stanford University showed

of wearable devices and home monitoring that continuous monitoring of heart rate and skin

equipment, by 2040, at least a quarter of temperature through smartwatches and other

outpatient care, preventive care, long-term care, wearables could help Al detect early signs of

and health services will move online. "' infection, as these powerful monitoring devices
can take and analyze up to 250,000 measurements

Specifically, these technologies will be used to per day.

analyze real-time health data, medical responses,

and clinical outcomes to identify potential health Moreover, a comprehensive health management

risks. For example, Al can detect the early signs platform could allow hospitals, doctors, users,

of heart disease or pre-diabetic conditions by and families to collectively access and view health

analyzing and warning users about anomalous data. This data-sharing mechanism ensures that

heart rate and blood pressure measurements, doctors can stay updated on their patients’ health

allowing for early intervention. Additionally, in real time, both inside and outside the hospital,

through interventions in nutrition, exercise, and leading to more accurate diagnoses and better

sleep, users can be guided to gradually change treatment decisions.

their unhealthy habits and develop a healthier
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Snapshot from the future: Using intelligent disease prediction and
prevention to enhance public health response capabilities

By integrating electronic health records
(EHRs), wearable device data, lab results, and
public health data from a variety of sources,
Al systems can build comprehensive health
databases. Using machine learning and deep
learning, Al will analyze this data to identify
patterns related to the incidence of disease and
develop predictive models. These models will
provide early warnings about the potential risk
of being affected by certain diseases at both
the individual and population levels, allowing
for timely preventive action.

For example, researchers are using Al and big
data to analyze global public health data and
epidemiological information and to develop

Direction for exploration:

models capable of predicting outbreaks of
infectious diseases such as influenza. These
models can identify potential hotspots and
transmission pathways, allowing health
organizations to implement preventative measures
before outbreaks spread. "

The intelligent disease prediction and prevention
system enables public health organizations to
swiftly respond to epidemic threats and adopt
effective control measures, significantly reducing
the societal impact of outbreaks. It not only
enhances public health response capabilities but
also improves individual health management, and
this contributes to the improvement of overall
public health.

Enabling healthcare with digital intelligence to
improve quality and accessibility

The integration of Al into healthcare not

only safeguards public health but also

drives improvements in economic and social
development. " By using advanced technologies,
digital healthcare significantly enhances the
quality and accessibility of medical services. Al
and machine learning algorithms can analyze
vast amounts of medical data and assist doctors
in making precise diagnoses and developing
personalized treatment plans. This improves
treatment outcomes, enhances patient satisfaction,
and reduces the likelihood of a misdiagnosis.

Digital healthcare systems also optimize resource
allocation by ensuring balanced coverage across
regions, including in remote and underserved
areas. Through intelligent scheduling and
resource management, these systems ensure that
healthcare services are available to more patients,
and this improves access to timely and high-
quality medical care.
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Snapshot from the future: Smart healthcare innovations for enhanced

diagnostic efficiency and precision

In the future, digital and Al-powered medical care
will lead to significant improvements in efficiency
and precision. Al and big data will play a crucial
role in medical imaging in particular. Using deep
learning algorithms, Al can analyze large datasets
of medical images, such as X-rays, CT scans, and
magnetic resonance imaging (MRI) scans, and
detect lesions and provide accurate diagnostic
recommendations. This will not only enhance
screening efficiency but also reduce the risk of
misdiagnosis. For example, research shows that Al
outperforms traditional methods in early breast
cancer detection.

Furthermore, Al will be integrated with electronic
medical records (EMRs) to continuously update
patient health data in real-time. This real-time
data will help Al develop personalized treatment
plans, predict disease risks, and assist doctors

in making more effective treatment decisions,

ultimately improving patient outcomes. '°

Al will also play a significant role in pathology
screening, where it can be used to analyze
pathology slides and detect abnormal cell and
tissue changes. This assists pathologists in making
faster and more accurate diagnoses. Al’s ability

to detect cancer cells in pathology images has
already been widely recognized. "

Big data and Al will also play an important role

in helping healthcare organizations and insurance
companies manage expenses more intelligently
and thus help to keep healthcare costs reasonable
for patients. By analyzing vast amounts of medical
data, Al can predict healthcare cost trends, identify
unnecessary expenses, and detect potential fraud.
This smart cost-control method not only protects
patients’ interests but also optimizes the use of
healthcare resources.




Snapshot from the future: Enabling Al-driven, all-domain, collaborative
healthcare to optimize resource allocation

The future of healthcare will be revolutionized
by modern communications and information
technologies. They will extend medical services to
remote monitoring, consultation, and treatment.
Al and foundation models will be central

to this revolution. Clinical decision support
systems (CDSs) are particularly important. By
leveraging deep learning and machine learning,
CDSs analyze medical images and EHRs to
provide accurate and efficient diagnoses

and personalized treatment solutions. These
systems can quickly supply essential diagnostic
information to doctors in remote areas, leading
to more accurate decisions and treatments. For
example, in TUrkiye there were plans to develop
a web- and mobile-based application which
would allow doctors to remotely monitor patient
data in real time and which would unify and
enable the screening, diagnosis, treatment, and
monitoring of diabetes diseases. "

Personalized health management is another key
area. By analyzing both historical and real-time
health data, Al can predict health risks and offer
tailored recommendations to help individuals
adjust their lifestyles and prevent diseases.
These technologies show a lot of promise in
chronic disease management; for example,
remote monitoring of hypertension allows for
timely interventions and significantly improves

health outcomes. In all-domain healthcare
collaboration, continuous data monitoring and
analysis enable remote doctors to provide more
precise health guidance.

Large language models (LLMs) help patients by
answering questions in real time, thereby easing
the burden on remote doctors. These models
provide medical advice, psychological support,
and can also assist in making appointments

with doctors, making healthcare more efficient.
For instance, virtual assistants can analyze
conversations with patients to offer personalized
suggestions which can help patients improve their
mental health. "

Video communication technologies also play

a vital role, as they allow doctors to conduct
remote consultations and diagnostics, increasing
the convenience and accessibility of medical
services. For example, the Remote Hypertension
Improvement Program uses video calls and
remote monitoring to efficiently lower patients’
blood pressure. *°

Overall, Al and foundation models elevate the
quality and efficiency of healthcare services,
enabling personalized health management and
optimized resource allocation, and driving the
development of more inclusive healthcare services.
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> Direction for exploration:

Multidisciplinary integration and its role in driving
innovation in medical research

The integration of multiple disciplines is a key
frontier to drive medical research innovation
today. Advancements in biomedical engineering,
information technology, Al, and big data, are
driving a significant transformation in medical
research. For instance, nanotechnology in drug
delivery systems enhances treatment precision and
reduces side effects. *' Big data analysis allows
researchers to uncover new disease patterns and

develop novel treatment methods which advance
personalized medicine. Meanwhile, Al can be
used in combination with medical images and
EHRs to accelerate and improve the accuracy of
diagnostics. ** This multidisciplinary approach
accelerates the research-to-clinical-practice
process, drives rapid advancements in medical
technology, and establishes a solid foundation for
the future of healthcare.

Snapshot from the future: Multimodal data integration for more

advanced precision medicine

Multimodal data integration is set to revolutionize
precision medicine. By combining genomics,
proteomics, metabolomics, imaging data, and
clinical information, researchers can gain a

more comprehensive understanding of disease
mechanisms. For example, Al can predict disease
risks more accurately and develop personalized
treatment plans with multimodal data. A study in
Nature Medicine has shown how the convergence
of generative Al and LLMs in medical imaging

has opened up new ways to harness the power of
both visual and textual information. Integrating
these advanced technologies enables multimodal
data integration, representation learning, and
improved clinical decision support systems.
Multimodal models built upon generative Al

and LLMs can integrate the visual features of
medical images with contextual information from
radiology reports or EHRs to facilitate various
medical-image processing tasks. LLMs can process
radiology reports to extract pertinent information,
match them with the corresponding images, and
generate natural-language summaries that can

14

enhance communication between healthcare
professionals and facilitate better decision-making
when it comes to patient care. By leveraging
patient-specific information, such as genetic

data, medical history, and lifestyle factors, and
evaluating it in conjunction with medical images,
these Al models can facilitate more efficient
treatment and diagnoses for patients. **




Snapshot from the future: The rise of intelligent medicine and its role

in driving industry transformation

The future of medicine is poised to move from

a one-size-fits-all approach to a more bespoke
and patient-centric approach. Key factors such as
the physical condition of the patient, appropriate
drug types, timing, dosage, and the treatment
duration must be taken into consideration when
designing drug treatment plans. These plans, once
formulated, also need to be regularly updated
based on the treatment effect and progress. This
puts significant pressure on doctors, and they
are often forced to rely on general expertise

and experience rather than the patient’s specific
symptoms and indicators to quickly formulate

a general treatment plan. However, with Al and
foundation model technologies, vast amounts of
pathological data can be analyzed in real time,
enabling doctors to offer more personalized
treatment recommendations. For example, a
research institute in Singapore has developed an
Al-powered platform that evaluates medication
effectiveness. The platform can quickly analyze

a patient’s clinical data, provide the patient with
a personalized prescription, and modulate tumor
sizes or biomarker levels in the patient’s profile
based on available data. **

In drug development, Al has moved beyond

the proof-of-concept stage. Advanced machine
learning technologies are accelerating the pace

of innovation, reducing evaluation times, and
enabling the exploration of new areas of medicine.
In practice, Al R&D tools improve the speed of
ingesting, structuring, and extracting inferences
from scientific literature by a factor of 1,000. Al-
driven simulations run 2 to 40 times faster, and

Al models can propose new hypotheses 10 times
faster than before. Autonomous Al-powered
laboratories can conduct experiments 100 times
faster than before. This reduction in manual data
processing and information handling has increased
the overall speed of drug discovery tenfold. *°

For example, Insilico Medicine, an Al
pharmaceutical company, launched the world'’s
first automated Al-assisted decision-making
laboratory. The lab integrates Al with automation,
robotics, and biological capabilities, and can
complete the entire cycle of target discovery and
validation within 14 days. *

Looking ahead, Al will drive cost reduction

and efficiency gains in the pharmaceutical
industry, accelerate drug development, and bring
unprecedented changes to this industry.

15



Conclusion:

Smart healthcare services are the key to
a better quality of life

By 2030, advanced technologies like Al, foundation models, cloud computing, and big data will form the
backbone of efforts to enhance global health. These innovations will permeate every aspect of healthcare,
from early disease diagnosis to precise treatment. They will drive full-scale intelligence and higher
efficiency in medical services.

In health management, Al-powered unified architectures will enable personalized, end-to-end health
management in more cities and remote areas and will enable many more people to quickly and easily
access medical services.

In diagnostics and treatment, integrated data platforms that handle vast amounts of structured and
unstructured medical data will improve both the accuracy and speed of disease diagnosis. These platforms
will also consolidate global medical research and clinical trial data, aiding in new medical breakthroughs
and discoveries. Cloud computing will provide robust support for data storage and processing, ensuring
that these intelligent technologies can be seamlessly integrated and run efficiently.

In medical research, multimodal technologies featuring big data, Al, genomics, advanced imaging
technologies, and clinical decision support systems will significantly enhance the precision and efficiency of
clinical diagnostics and drug development.

The application and integration of these technologies will dramatically improve the quality and accessibility
of healthcare services, optimize the allocation of medical resources, and foster innovative applications. This
will lead to better health outcomes and longer life expectancies, and take the global healthcare industry
to new heights.

By 2030, advanced ICT technologies will play a vital role in driving global health development.
Advancements in large-scale computing power will enable a variety of intelligent health applications, and
will also make it easier for more people to access efficient medical services. Huawei predicts that by 2030,
there will be 3.3 ZFLOPS of general-purpose computing power (FP32) available, a 10-fold increase over
2020; and 864 ZFLOPS of Al computing power (FP16), a 4,000-fold increase over 2020.
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Food is a necessity for everyone, so the UN

has made “Zero Hunger” one of its Sustainable
Development Goals (SDGs) for 2030. Current
estimates show that nearly 690 million people are
hungry, and if recent trends continue, the number
of people affected by hunger would surpass 840
million by 2030. "

The agriculture workforce is shrinking:
According to the International Labor Organization,
the proportion of the world population working

in agriculture dropped from 43.699% in 1991 to
26.757% in 2019.°

Arable land per capita is decreasing: According
to World Bank data, arable land per capita fell
from 0.32 hectares in 1968 to 0.18 hectares in 2021
- a drop of 44%.

Overuse of pesticides is causing severe soil
pollution: According to statistics, 64% of global

agricultural land (approximately 24.5millionsquare
kilometers) is at risk of pesticide pollution, with
31% at high risk. *

Simultaneously, the focus of people’s diets
worldwide is shifting from “Does this taste good?”
to “Is this good for me?” This has resulted in more
nutrition and food safety standards. For example,
13,316 food products in China received some

kind of green certification in 2018. This number
increased to 14,699 in 2019, up 10.4% YoY. ° This
higher demand for green-certified products results
in higher requirements on agricultural conditions
and technologies.

As we move towards 2030, global food supply
faces new challenges and demands. It is clear that
technology is key to empowering agriculture, and
will help overcome traditional growth constraints,
increase food production across the board, and
bring “green” food to every table around the world.
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> Direction for exploration:

Guiding cultivation with data, not experience

As the saying goes, there is “a time to plant and a
time to pluck up that which is planted “. Farmers
typically rely on calendars to determine the best
times to sow. They also rely heavily on personal

experience to decide when to sow, fertilize, and
use pesticides. However, this leaves a great deal of
uncertainty, and whether or not any given year will
yield a good harvest is still ultimately up to fate.

Snapshot from the future: Precision farming based on visualized

data graphs

Within any single crop field, the moisture content,
available nutrients, and crop conditions can vary.
But with modern tools like sensors and mobile
devices, farmers can remotely and accurately
monitor soil moisture, ambient temperatures, and
crop conditions in real-time. This makes it possible
to flexibly adjust agronomic measures, like sowing,
irrigation, fertilizing, and seed adjustment, based
on diverse data sets, to better align crops with the
available soil. If we look at maize, for example,
data-powered adaptive sowing can increase crop
yield by 300 to 600 kilograms per hectare of land. ®

Precision agriculture also relies on in-depth
analysis of collected data and cloud-based
visualized data graphs. Data from these graphs
help farmers make informed decisions regarding

soil fertility, water, and nutrient delivery
throughout the key stages of crop growth. These
graphs can also help farmers better understand
information such as local topographical
characteristics, climate conditions, and crop
diseases or pests so that they can better estimate
crop yields, implement agricultural measures, and
adjust budgets accordingly.

Furthermore, visualized data graphs can be
used to monitor and manage agricultural
production in real time, helping farmers respond
proactively, quickly, and precisely to changes in

their environment. For example, in the event of
extreme weather, farmers can use this data to
rapidly locate affected areas, develop solutions,
and mitigate negative impacts on their yields.
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While precision agriculture is an effective tool for
increasing agricultural yields, it is not sufficient

to meet the surging food demands caused by
population booms, shrinking arable land per capita,
pesticide pollution, and worsening climate change.

Under precision agriculture, data is used for analysis
and calculation so that the best cultivation solution
can be found. However, the environment is constantly
changing, meaning data can only be used at the
moment it is collected. Therefore, the results of
agricultural data analysis cannot be used iteratively.

In addition to precision agriculture, we can adopt
a more “factory-like” approach to agriculture,
creating “vertical farms” in enclosed environments.
Not only can vertical farms be used to collect
more data, they can also allow farmers to directly
adjust parameters to allow crops to grow in

an optimal environment. Both countries with

little arable land, like Japan, South Korea, and
Singapore, and countries with abundant land
resources, like the US, are proactively developing
vertical farm technologies.

Snapshot from the future: A new form of agriculture in intelligent

vertical farms

Within any single crop field, the moisture
content, available nutrients, and crop conditions
can vary. But with modern tools like sensors

and mobile devices, farmers can remotely

and accurately monitor soil moisture, ambient
temperatures, and crop conditions in real-

time. This makes it possible to flexibly adjust
agronomic measures, like sowing, irrigation,
fertilizing, and seed adjustment, based on diverse
data sets, to better align crops with the available

soil. If we look at maize, for example, data-
powered adaptive sowing can increase crop yield
by 300 to 600 kilograms per hectare of land.

Precision agriculture also relies on in-depth
analysis of collected data and cloud-based
visualized data graphs. Data from these graphs
help farmers make informed decisions regarding

Vertical farms have three main advantages:

They don’t need pesticides or soil, and reduce agricultural

water waste: Hydroponics and aeroponics, which are common in

vertical farms, utilize solutions that are more efficient at delivering

nutrients to plants, with any remaining nutrients being recaptured

together with water. These methods use less than one tenth of the

water used in traditional agriculture, making the entire process
more eco-friendly and reducing pollution.
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@© They are not affected by climate, providing consistent and ideal
conditions for fresh produce: As vertical farms create closed environments,
automatic control systems can be used to ensure reliable, large-scale
cultivation. This makes it possible to grow vegetables in a wider variety

of locations and climates. Vertical farms can be built on rooftops, inside
office buildings, abandoned warehouses, or basements, and even in
deserts, rivers, or seas.

@® They provide smart agricultural models that are globally replicable: The
ICT control system and data model used in one vertical farm can be used
anywhere in the world to achieve almost the same results. The vertical
farm model allows anyone to emulate the environment in which the finest
wine-making grapes grow, and even regions that see little daylight can be
used to grow sun-loving cherries.

Recent pilot programs for vertical farms have found that, if harvested every 16 days, an area of
7,000 square meters can yield a staggering 900,000 kilograms of vegetables every year. ’
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Conclusion:

Transforming data into food to
solve global hunger

In the future, we can use the Internet of Things (IoT) to monitor and analyze soil conditions and crop
growth, and to increase yields based on collected data. We can also use historical data to predict changes
in the natural environment so as to take proactive intervention measures that reduce the risk of yield
reduction. Science-based precision agriculture systems powered by big data, Al, and agricultural know-
how will make it possible for farmers to precisely water and fertilize crops and also use drones to more
accurately apply pesticides.

Intelligent farming models, such as data-based vertical farms will free agricultural production from the
constraints of climate dynamics. These models can be replicated worldwide for more inclusive, green diets.

By 2030, ICT technology will enable us to connect key agricultural production factors, such as farmland,
farm tools, and crops, and collect and utilize data on climate, soil, crops, etc,, to increase yield. Huawei
predicts that by 2030, the data generated worldwide will reach 1 YB each year, a 23-fold increase over
2020. There will be 200 billion connections worldwide, and IPv6 adoption will reach 90%. With the wider
application of data in agriculture, we will build a more resilient and greener food system.
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The spaces people live in have dramatically
changed throughout history. Over time, ancient
caves have been replaced by modern buildings,
and people are continuing to move from rural
communities to dense urban districts. The role of
living spaces has also transformed. What used to
simply be a shelter from the elements has become
the vault for our most precious possessions.

Industrial advancements have led to an abundance
of material wealth, and while material possessions
bring us joy, they have also filled our living spaces
to the brim. The average American home has
more than 300,000 items ', and 1 out of every

10 Americans rents offsite storage °. Similarly, a
British study found that the average 10-year-old
child owns 238 toys but plays with just 12 on a
daily basis *. While many find buying new objects
satisfying, the downsides of hyper-materialism are
becoming increasingly apparent to society as a
whole. This dilemma opens up new possibilities for
future home design.

It has been reported that in 2019, CO, emissions
from the operation of buildings worldwide
reached 10 GtCO,, or 28% of total global energy-
related CO, emissions *. Moreover, the number of
new buildings all over the world is set to explode.
The International Energy Agency estimates that
global building stock will rise by 5.5 billion square
meters per year on average until 2050 °. The UN
Environment Programme’s Global Status Report
2017 predicts that the world will add 230 billion
square meters (2.5 trillion square feet) in new
construction by 2060, which is almost equal to
current global building stock. This means an
amount of construction equal the size of New
York City will be added to the planet every

34 days over the next 40 years °. In response,

the World Green Building Council has stated
that, if we want to meet the goals of the Paris
Agreement, all new buildings should operate at
net zero carbon by 2030 and all buildings should
achieve this by 2050 7.
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As demand for personalized home experiences
continues to rise, ICT-enabled smart home
technology is gaining popularity. A survey found
that about 80% of millennials and 69.2% of
baby boomers are interested in smart home
technologies 8 In the UK, 80% of consumers

are now aware of smart home technology

and it is second only to mobile payments in
consumer awareness of a basket of tech trends.
Interoperability has risen as one of the most
important buying considerations °. Interest in smart
living spaces that offer enhanced convenience and
safety is also on the rise.

Direction for exploration: New infrastructure
provides comprehensive services for communities

Smart doors, smart smoke detectors, falling object
alerts, delivery notifications, and many other smart
services are becoming increasingly widespread.

This means that residents are much more closely
connected with their communities and local
authorities. In the future, new communities will
deliver comprehensive services to residents, powered

by the Internet of Things (IoT), 10-gigabit fiber
networks, and other new advanced infrastructure.
Services such as virtual community events and
smart pet management will bring residents and their
communities more closely together. Groundbreaking
new design concepts will also start changing the
way our homes look at the household level.

Snapshot from the future: Digital cataloguing and automated delivery

for offsite storage

One potential solution to the overwhelming
amount of possessions that now fill households is
offsite storage. Some proposed solutions include
digitalization and cataloguing of all household
items, with technologies like 3D scanning, and
then storage in local shared warehouses. This
would mean when you decide to go to a party,
you can flick through a 3D hologram menu

to pick out the dress and accessories that you
want. At the touch of a button, those items can
be delivered to your door, either by robot ° or
through the building’s internal delivery system "

A similar system could power a shared “library”
of useful household items. For example, in a
typical household, electric drills are not needed
often, so instead of buying your own, you could
search for one in the shared library’s online
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resource catalogue and borrow it for a few days.
Automated delivery systems will bring the drill to

you and take it back when you are finished.




> Direction for exploration: Net-zero-carbon buildings
with loT and intelligent management systems

According to the World Green Building Council, a net zero carbon building is “a highly energy efficient

building that is fully powered from on-site and/or off-site renewable energy sources and offsets.” Net zero

carbon is achieved when the amount of carbon dioxide emissions released on an annual basis is zero or

negative. Minimizing building energy consumption through new designs and eco-friendly materials is the

first step to achieving net zero carbon . The next step requires not only clean energy sources, but also

information and communications technologies (ICT).

One day, net-zero-carbon buildings will be able
to automatically interact with their environment
through sensors.

e Sensors monitor and generate data about the
building in real time, including its environment
and condition.

e The Internet of Things connects sensors, cloud-
based control systems, and core systems such as
lighting, electricity meters, water meters/pumps,
heaters, fire alarm systems, and water chillers.

o Intelligent, cloud-based systems utilize
sophisticated algorithms and real-time data
to automatically decide how the building can
minimize energy use. For example, a complete
automated system could use loT devices to

check the number of people in a building in
real time, and then decide when to switch air
conditioners and lights on or off in different
parts of the building. Such a system would also
be able to manage elevators, hallways, and
shutters, depending on actual human activity.

In addition to the environmental benefits, net
zero-carbon buildings will also make people’s lives
more comfortable. Automated systems can keep
indoor temperatures at agreeable levels, while
soundproofing materials can keep outside noise
down to a minimum. There will also be health
benefits: Automated systems can decide how
much sunlight should pass through a window, to
help limit UV exposure, encourage natural sources
of vitamin D, support regular sleeping patterns,
and combat seasonal affective disorder.

Snapshot from the future: Automated building management systems

for museums

Some key museums are already upgrading their
energy systems with automated controls. For
example, one museum in Australia installed a
building management system that constantly
monitors 3,000 different indoor environment
data points, and automatically adjusts utilities

to provide the right conditions for visitors and
the objects on display. Heating, ventilation, air
conditioning, lighting, and water efficiency have
all been upgraded, reducing the museum’s GHG
emissions by 35%, and electricity costs by 32% *.
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» Direction for exploration: Adaptive home
environments that understand your needs

Today, we expect more from our homes than ever
before. Homes should be more than just a place
to live: They should also offer superb experiences.
The homes of the future will intuitively understand
all of our needs. The moment we arrive home
after a long exhausting day, the lights, sound
systems, air filters, and television will switch on
automatically. When we walk into the kitchen, the
refrigerator will push healthy meal suggestions
adapted to our personalized dietary needs. In

the bedroom, air conditioners will check air
quality and automatically adjust temperature and
humidity based on what we are doing. From the
comfort of the sofa or bed, we will be able to
share incredible photos and videos with our loved
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ones, or finish some mundane paperwork anytime
we want. In the event of an emergency, like a

fall, where someone is unable to call for help, the
home system will come to help by notifying family
members, doctors, or security guards.

There are perceptible and imperceptible factors
that determine how comfortable our home is.
Perceptible factors are those we can instinctively
feel, such as temperature, humidity, lighting,

ease of access to household items, and ease of
information sharing. Imperceptible factors usually
include indoor air quality and safety. Intelligent
automated systems can enable real-time control
of both types of factors.



Snapshot from the future: Whole-house intelligence that understands
usage and creates intuitive experiences

Smart home systems collect data from a wide
range of smart appliances and sensors, over
highly-reliable, high-speed networks that reach
every corner of your home. These systems
synchronize data on cloud and local storage to
make smooth data flow possible. They also use
Al engines to determine what is happening in
your home and run appropriate applications. The
Al engines, in turn, need distributed processing
and computing to understand your behavior,
indoor environment, and hardware systems, and
then make smart decisions to configure your
home appliances. These steps could be taken
independently or in collaboration with other
systems, to meet your needs. When implemented
properly, smart home systems deliver immersive,
personalized, and intelligent experiences that
evolve as your usage needs change.

The variety of smart home appliances we will see
in the coming years is expected to explode. They
will work together to intelligently anticipate and
meet your needs in different situations. Everything,
from smart beds and pillows to lights and audio
devices, will be able to collaborate. A sleep support
solution could easily be created for the bedroom
by designing a system that automatically adjusts

w

the softness of your mattress and pillow to suit
your body and sleeping habits, and changes your
bedroom lighting to stimulate the production

of melatonin - the hormone that helps you fall
asleep. Bedroom speakers could play music to
relax you, and air conditioners could keep track
of temperature, humidity, and oxygen levels. Such
a system could even identify snoring and curb it
by rapidly adjusting the softness of your mattress
and pillow. Temperature and humidity regulation
could also be achieved to stop you from tossing
and turning in bed . In the future, the way we
interact with home appliances will also change
through touch panels, apps, voice commands, and
gestures. Sometimes interactions will be so subtle
that we won't even be aware of them.

All members of the family will be able to store
videos and photos together in a cloud-connected
storage system, and access the system on any
device from anywhere. Huawei predicts that

by 2030, 35% of homes will use cloud storage.
Traditional computers at some homes will
become cloud computers and work seamlessly
with gadgets and home appliances with screens,
delivering a consistent experience across all these
devices. Huawei predicts that by 2030, cloud
computers will be in use in 17% of homes.

Al-powered home cameras and optical sensing
devices will be able to recognize people’s
movements, and identify if someone takes a fall
or is in danger so that help can be quickly notified.
Huawei predicts that by 2030, cameras with 3D
radar optical sensors will be adopted in 8% of
homes to support home nursing while ensuring
privacy. These systems could also identify intruders
and send alerts to police or security guards.
Huawei predicts that by 2030, in China, 24% of
homes will be equipped with surveillance cameras;
and globally, the percentage is 15%.

41



Conclusion:

a’! Personalized spaces with

novel interactive experiences

In the future, new intelligent infrastructure will play an integral role in smart communities. With the help
of ICT technologies, community management systems will aggregate massive amounts of data generated
by smart equipment, and use that data to holistically manage how communities operate in real time,
delivering superior services to residents.

Net-zero-carbon buildings will be made possible by eco-friendly designs and clean energy sources. Passive
design for energy conservation cannot achieve zero carbon goals alone, and energy management systems
can contribute to these efforts by effectively managing energy sources and accurately controlling indoor
environments to minimize energy consumption.

5G and Artificial Intelligence of Things (AloT) will help smart home systems autonomously adapt to user
needs. These systems will rely on superfast network connections and sophisticated algorithms that enable
them to promptly sense user needs and provide intuitive services.

In the future, ICT technologies, especially sensors, 10T, and Al, will reshape our living spaces, from
communities to buildings to homes. The result will be safer, personalized living spaces that offer all kinds
of new interactive experiences: a space that knows you as well as you know it.

At that time, your home may be full of smart appliances that bring a new level of interactivity to your
lifestyle and entertainment. The building you live in may be supported by a great variety of smart control
systems, and smart functions may be more widely available in your local community. However, none of
this will be possible without connections that deliver high bandwidth and extremely low latency. Huawei
predicts that by 2030, there will be 1.6 billion fiber broadband subscribers and 25% of homes will have
access to 10-gigabit fiber broadband.
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Travel is an important part of the modern world,
with different modes of transport, particularly
private cars, becoming increasingly common.

For example, the US has long been known as a
“nation on wheels”, and in 2020, the vehicle-miles
traveled within the US totaled 2.83 trillion ', which
is more than 30,000 times the distance between
the Earth and the sun. In Europe, vehicles travel
more than 12,000 kilometers a year on average.’
As urban areas continue to expand, more and
more commuters face the challenge of a long
daily commute. Car-based mobility is set to grow
globally by around 70% by 2030 (passenger
kilometers, as well as predicted vehicle stock

in a business-as-usual use scenario). * Existing
transportation systems will continue to face many
challenges.

More congestion, lower efficiency: Traffic
congestion is an increasingly serious and frequent
problem worldwide. The average person wastes
at least 15 minutes every day in traffic jams.

In Colombia’s capital Bogota, the world’s most
congested city, drivers wasted an average of

272 hours, the equivalent of more than 11

days, in traffic jams in 2018. * Congestion also
causes significant economic losses. For example,
congestion caused losses of US$70.4 billion in the
USin 2023.°

The huge amount of travel also has a
significant impact on the environment:
According to the International Energy Agency
(IEA), the transportation industry accounted for
26% of global carbon emissions in 2020, and
this figure far exceeded the emissions from the
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manufacturing and construction industries. The
adoption of circular economy practices combined
with accelerated electrification in the automotive
industry has the potential to reduce carbon
emissions by up to 75% and resource consumption
by up to 80% per passenger kilometer by 2030. °
This will accelerate low-carbon development.

The transportation systems of the future will not
only be congestion-free and low-carbon, but also
hassle-free. Travelers will no longer need to think
about their routes, but only about what to do during

Direction for exploration:

their journeys. They will enjoy a quiet and personal
space where they can watch TV, concentrate on
work, or even relax with an in-seat massage.
Commuters will no longer feel exhausted at the end
of their journeys, and will instead feel a sense of
satisfaction for having made the most of their time.

In order to realize these changes, transportation
systems will need to be further upgraded. All of the
key elements (vehicles, traffic lights, pedestrians,
etc.) need to be connected through ICT so that
each phase of a journey can be automated.

How digital and intelligent

comprehensive transportation systems improve
travel experiences and reduce logistics costs

In the future, comprehensive transportation
systems that integrate and collaboratively schedule
different modes of transport will significantly
improve passenger experiences and greatly reduce
the overall cost of cargo transportation.

Technologies like big data, Al, and loT will be
more widely used in these transportation systems.
Intelligent logistics distribution systems, self-driving
transportation vehicles, and traffic management
platforms that provide real-time updates will
emerge to further improve transportation and
logistics efficiency and quality.
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Favorable policies will also be released to support
the development of these transportation systems,
such as those that promote cross-department and
cross-region cooperation; improve the planning

of infrastructure construction; improve relevant
laws, regulations, and standards; and attract more
investment from the private sector.

To summarize, the comprehensive transportation
systems of the future will be integrated,
intelligent, and efficient, and will enable
unprecedented convenience and opportunities
which will improve people’s lives, drive economic
growth, and create a more prosperous and
sustainable future for everyone.



Snapshot from the future: Centralized and collaborative scheduling
for transportation hubs

In the future, we will see increased sharing and
integration of data between transportation
hubs like ports, airports, and railway stations.
By accurately analyzing different types of
information, such as passenger traffic, cargo
volumes, and weather changes, these hubs will
be able to plan resource allocation in advance
and schedule resources in a centralized and
collaborative manner.

For example, ports will be able to dispatch

ships and cargo more efficiently and align these
dispatches with nearby railways and highways,
thereby improving the efficiency of logistics and
operations. Airports will be able to optimize
processes for flight take-off and landing, transit,
and passenger services, and connect to nearby
highways and railways. This will reduce delays and
allow passengers to depart and arrive more easily.
Railway stations will be able to improve train
timetables and enable quick transit to nearby

transportation facilities, providing passengers with
smoother travel experiences.

To summarize, transportation nodes will no
longer be isolated, but closely connected through
multimodal transportation and centralized,
intelligent scheduling. Ports will no longer be

just places for cargo loading and unloading, but
will be deeply integrated with other industries,
realizing collaborative development between

ports, industries, and cities. Airports will not just
provide air transportation, but will be further
integrated into urban infrastructure and provide
complementary functions to nearby urban facilities.
Railway stations will be able to intelligently
schedule resources and enable seamless transfer
to other modes of transport, making transit more
convenient and efficient for passengers. These
integrated and collaborative systems will make
more efficient use of resources, reduce redundancy
and waste, and lower overall logistics costs.
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Snapshot from the future: Intelligent connected vehicles and

vehicle-road-cloud integration

Currently, many countries around the world

are striving to develop intelligent connected
vehicles in order to capitalize on opportunities
in this relatively new industry. China was the
first to publish a strategy for vehicle-road-
cloud integration, and has been leveraging its
advantages in cross-industry collaboration,
infrastructure construction, and ICT to facilitate
the high-quality development of intelligent
connected vehicles. Integrated vehicle-road-
cloud systems use next-generation ICT to merge
the physical and virtual worlds, including people,
vehicles, roads, and cloud. These systems provide
functions like systematic and collaborative
sensing, decision-making, and control to

enable the secure, efficient, eco-friendly, and
stable operations of intelligent connected
vehicles and transportation systems. Integrated
vehicle-road-cloud systems include all road
users, vehicles, roadside infrastructure, cloud-
controlled platforms, supporting platforms, and
communications networks.

These systems will completely change our
perceptions of transportation and travel. In these
systems, vehicles will no longer run independently,
but act as intelligent units closely connected to
road infrastructure and cloud platforms. Vehicles
will be able to obtain information about road
conditions and traffic signals in advance through
real-time communications with other vehicles

and with roads, so that they can optimize their
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routes and speeds to improve travel efficiency
and reduce congestion. Road infrastructure will
be equipped with lots of sensors and intelligent
devices to monitor road conditions and traffic in
real time, and these devices will quickly transfer
this data to the cloud. Cloud platforms will then
use their powerful computing capabilities and
data analytics technologies to process and analyze
the data, inform the decision-making of traffic
management agencies, and enable intelligent
traffic control.

As a key part of the vehicle-road-cloud systems,
autonomous driving technologies will be more
widely used. Guided by intelligent systems,
self-driving vehicles will be able to run more
safely and efficiently, reducing the pressure on
drivers and the risk of traffic accidents. Vehicle-
road-cloud integration will also improve the
collaboration between transportation and other
domains, like energy and urban planning. For
example, the real-time adjustment of street lamp
brightness based on traffic flows can save energy
and reduce carbon emissions. The optimization of
road layouts based on urban development plans
can drive the sustainable development of cities.

In conclusion, vehicle-road-cloud integration will
bring unprecedented changes to highways, make
transportation more intelligent, efficient, safe, and
eco-friendly, and deliver better travel experiences
for everyone.



> Direction for exploration:

Electric vehicles for green transportation

As transportation consumes increasing amounts
of energy, many countries and regions around

the world are making efforts to promote low-
carbon travel. Energy conservation and emissions
reduction in transportation are the key to carbon
neutrality. In July 2021, the European Commission
officially launched the European Green Deal,
specifying the goal of reducing greenhouse gas
emissions to 55% below 1990 levels by 2030, and
achieving carbon neutrality by 2050. The Deal
also set a target to reduce carbon emissions from
transportation to 90% below 2021 levels by 2050.
Land transportation is the main focus of this policy,
as it makes up 20.4% of the EU’s greenhouse gas
emissions. The EU and the UK have announced
plans to accelerate the deployment of renewable
energy (Climate Action Tracker, 2022 [54]). The
European Commission’s RepowerEU plan proposed
an increase of the target proportion of renewable
energy in the overall energy mix by 2030 from

40% to 45%. (EC, 2022 [30]).

To save energy and cut emissions from land
transportation, countries are working tirelessly to
develop vehicles that use new energy, including
pure electric vehicles (EVs), plug-in hybrid EVs, and
fuel-cell vehicles. Many countries and regions have
set schedules for reducing the number of internal-
combustion-engine vehicles (ICEV) on their roads.
For instance, the EU has set the goals of reducing
emissions from passenger cars and vans by 55%
and 50%, respectively, by 2030 (the previous
goals were 37.5% and 31%, respectively). It has
also set a new goal of ensuring that by 2035, all
new vehicles sold will be zero-emission vehicles,
which is equivalent to banning the sales of ICEVs
from 2035 onwards.  Japan set the goal that 50%
to 70% of the cars on Japanese roads should be
next-generation vehicles by 2030. ® China has
proposed to start phasing out ICEVs in 2030. °
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Snapshot from the future: New energy for green mobility

Some countries have made significant progress in
adding EVs, such as buses and taxis, to their urban
public transportation systems. For example, by
2017, all of Shenzhen’s 16,000 buses were electric.
This made Shenzhen the world’s first city with an
entirely electric bus fleet. " In Europe, EVs make
up over 78% of Denmark’s new buses, and about
two-thirds of new buses in Luxembourg and the
Netherlands are zero-emission. "

There are two reasons behind these rapid
advancements in public transportation. First, public
transportation vehicles are replaced relatively
frequently, which provides the opportunity to plan
and implement the deployment and adoption

of new energy vehicles. Government subsidies
and efficient O&M solutions can also reduce the
operating costs of electric fleets to levels close to
or even lower than those of conventional vehicles,
and this reduces the barriers to introducing new
energy vehicles.

Second, these publicly-owned vehicles are centrally
stored and maintained in specialized facilities

that can easily be upgraded into multi-functional
spaces with charging piles for EVs. Therefore, lack
of charging facilities is not a major obstacle for the
electrification of public transportation.

Public transportation vehicles also travel longer
distances every day and generate more carbon
emissions than private vehicles. Therefore, the
wide adoption of electric public buses and taxis
is an effective and efficient way to reduce vehicle
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emissions. In Beijing, for example, 71,000 private
pure EVs saved 89 million liters of gasoline and
199,000 tons of CO, emissions in 2018. By contrast,
just 9,400 electric taxis in Beijing made a similar
contribution, saving 65 million liters of gasoline
and 145,000 tons of CO, emissions.

According to the IEA, although the global
automotive market shrank by 16% in 2020,
following the COVID-19 pandemic, the number of
newly registered EVs hit a new high of 3 million,

up 41% from the previous year. There were more
than 10 million EVs in use worldwide in 2020, and
that strong momentum has continued. The sales

of EVs in the first quarter of 2021 were almost 1.5
times higher than in Q1 2020. Moreover, consumer
spending on EVs grew by 50% in 2020, reaching
US$120 billion, while government subsidies were just
US$14 billion. Government subsidies as a percentage
of the total spending on EVs have declined for

five years in a row. This indicates that although
government subsidies played an important part

in stimulating demand, the sales of EVs are now
increasingly driven by consumer choice.

By 2030, it is predicted that there will be 145
million EVs in use around the world, including cars,
vans, heavy trucks, and buses. If governments
accelerate efforts to achieve the global climate
and energy goals, the global EV fleet could even
reach 230 million vehicles by 2030."” The IEA also
predicts that more than 300 million new energy
vehicles will be in use by 2040, and this will reduce
oil consumption by 3 million barrels per day. ™



Snapshot from the future: New energy aircraft trials

In an effort to reduce pollution, protect the
environment, and cut O&M costs, the aviation
industry is actively developing new energy aircraft,
both small planes and larger passenger aircraft.
The continual development of urban air mobility
(UAM) is also driving the aviation industry to use
more electric power, setting it on a greener path.

The aviation industry accounted for about 2% of
global anthropogenic CO, emissions in 2022. If
such emissions are not effectively curtailed, this
percentage is expected to increase to 25% by the
middle of this century. *

The industry’s costs of global maintenance, repair,
and operations (MRO) were US$69 billion in 2018,
accounting for 9% of airlines’ total operating
costs. Maintenance costs for engines accounted
for 42% (US$29 billion) of the total MRO costs.
The global aviation industry spent US$215 billion
on fuel in 2023, and this made up 30% of their
total operating costs.

At present, three main types of new energy aircraft
are being developed: hybrid-electric, pure electric,

and hydrogen-powered. In addition to increasing
energy efficiency and reducing pollution and noise,
new energy aircraft also present an opportunity

to trial new designs, such as the blended wing
body design. This design can significantly reduce
aircraft’s drag and energy consumption and
improve their flight performance. In addition,

this design can increase the amount of space in
the cabin, which is a very valuable upgrade, as it
increases aircraft’s carrying capacity.

In June 2020, France announced that it would
invest EURT.5 billion in the development of large
new energy passenger aircraft. France plans to
complete the maiden flight of their new energy
aircraft before 2035, and expects more than
1,300 companies working in the aviation industry
to participate in this project. For this, France has
drawn up a clear roadmap which starts with a
revamp of Airbus’s A320 product line to develop
a hybrid electric “successor” model to the A320.
The prototype of this new model will be unveiled
between 2026 and 2028 and make its maiden
flight by 2035.
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> Direction for exploration:

Autonomy opening up the mobile third space

From horse-drawn carts to modern cars, people
have developed many generations of vehicles to
help us move faster and farther than we could
ever run. However, the upcoming autonomous
driving era means that vehicles will soon have their
own “brains”. Autonomous driving technologies
will reshape our travel experiences, and transform
business models in the transportation industry.

As Al will be making decisions for vehicles, drivers
will no longer have to keep their hands on the
wheel, their feet on the pedals, or their eyes

on the road. This will give rise to a whole new
sector of mobile entertainment, social interaction,
shopping, and remote work on the go, turning
vehicles into our mobile third spaces.

The US Society of Automotive Engineers and the
US National Highway Traffic Safety Administration
classify autonomous driving technologies into

six levels - LO to L5. Specifically, LO refers to
traditional human driving with no automation;

L1 to L3 include Al-assisted driving with low or
moderate automation; and L4 and L5 represent
vehicles that can be entirely controlled by Al
systems, with no human operation needed.

The development of autonomous driving
technologies involves cross-industry collaboration
between many industries such as ICT,
manufacturing, and transportation. This can in turn
stimulate economic growth. When deployed at
scale, autonomous driving will significantly improve
road safety and transportation efficiency, and
create positive socioeconomic benefits through
energy conservation and emissions reduction.
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Autonomous driving is expected to create about
US$3.2-6.3 trillion in economic benefits for the US
by 2050, leading to nearly US$800 billion in annual
social and consumer benefits. '

In the report On the road to automated mobility:
An EU strategy for mobility of the future, the
European Commission set out the goal of making
self-driving vehicles commonplace across the EU
by 2030. The report stated that driverless vehicles,
when fully integrated into the wider transportation
system, would play a significant role in achieving
Vision Zero, i.e. no road fatalities on European
roads by 2050. " In China, 11 ministries,

including the National Development and Reform
Commission, jointly issued the Smart Car
Innovation and Development Strategy in February
2020. The strategy set the goal of achieving large-
scale production of vehicles ready for autonomous
driving and commercialization of high-level
autonomous vehicles for specific scenarios by
2025, as well as formulating a mature and
standardized intelligent vehicle system by 2050. *®
In December 2023, China’s Ministry of Transport
issued a document titled Guidance for Road
Engineering Infrastructure to Support Autonomous
Driving Technologies, which stated that road
infrastructure must support the development of
autonomous driving. In January 2024, China’s
Ministry of Industry and Information Technology,
Ministry of Transport, and three other ministries
jointly issued the Notice on Piloting Vehicle-
Road-Cloud Integration for Intelligent Connected
Vehicles, which further strengthened policy
support for autonomous driving and set guiding
principles for vehicle-road-cloud integration.



Snapshot from the future: Autonomous driving and vehicle-road-

cloud synergy in the fast lane

As we approach 2030, we are seeing self-
driving vehicles go from the lower L2 and L3
levels of automation to the higher L4 and L5
levels of automation. We also expect to see
more breakthroughs in autonomous driving
technologies. As technologies such as Al, big
data, cloud computing, and sensing continue to
evolve, self-driving systems will be able to sense
and make decisions faster and more accurately.
This means that self-driving vehicles will be
able to operate more safely and efficiently in
more complex traffic environments. Buses,
taxis, low-speed logistics services, and industrial
transportation (logistics and mining) are likely
to be the first commercial applications of
autonomous driving.

The development of autonomous driving
technologies relies on intelligent individual
vehicles and vehicle-road-cloud synergy, which
poses higher requirements on computing chips,
24/7 all-weather sensing, cloud computing, big
data analytics, low-latency and high-reliability
wired and wireless networks, and Al algorithms.
An intelligent vehicle needs to be able to make
automotive-grade driving decisions, such as
emergency collision avoidance and unmanned
driving. Vehicle-road-cloud synergy needs to
provide functions that cannot be provided by
the intelligent vehicle, such as safety beyond
line-of-sight and early access to road network
control information. Together, they are driving the
universal adoption of autonomous driving.

Low- and medium-speed public roads: Self-driving
vehicles have delivered positive results in fields
such as logistics and distribution, cleaning and
disinfection, and patrolling. Unmanned vehicles
for logistics and distribution can successfully drive
at low speeds on roads with less complicated

conditions. This means they can provide safe
unmanned delivery services on public roads. Low-
speed unmanned vehicles have provided valuable
support during the fight against COVID-19,
especially in the transportation and distribution
of medical supplies, cleaning and disinfection,
patrolling, and temperature checks. These
vehicles have proved their practical value, laying a
foundation for their adoption in other markets.

High-speed semi-closed roads: Heavy trucks

are expensive, so the price of sensors is not

a limiting factor. Sensors such as lidar can be
installed in these trucks for better sensing of
their environment. Heavy trucks are mainly

used in high-speed cargo transportation, ports,
and logistics parks, which means the driving
environment is less complex and routes are
generally fixed. Heavy trucks are rarely seen on
complex urban roads. This means that the driving
environment that autonomous driving systems
have to handle is not particularly complex. Truck
drivers are expensive, and they frequently breach
rules by overloading their vehicles and working
overtime. Autonomous driving of heavy trucks
would quickly help industries cut costs and

work more efficiently, making this a compelling
business case. According to a Deloitte report

on smart logistics in China, technologies like
unmanned trucks and artificial intelligence will
mature in a decade or so, and will be widely used
in warehousing, transportation, distribution, and
last mile delivery.

Special non-public roads: Autonomous driving
is playing an increasingly important role in
environments like mines and ports. Some
companies are working with ports to test self-
driving container trucks. We have already seen
unmanned trucks working in multiple fleets and
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even during night shifts at mines. Since 2023,

92 intelligent guided vehicles (IGVs) have been
operating autonomously at the Second Container
Terminal of Tianjin Port in China. This was made
possible thanks to 5G, the Beidou navigation
system, and automatic driving technologies.

We are expected to see autonomous horizontal
transportation at 30% of terminals by 2030.

With its high level of safety and efficiency,
autonomous driving will first demonstrate its
commercial value in mining. While working
autonomously, many mechanical vehicles, such

as mining trucks, excavators, and bulldozers can
work together. In the past, one driver took care

of each mining truck, but now a commander will
take care of an entire group of trucks. In the event
of a fault or danger, the commander can remotely
pilot the vehicle to a safe area from the control
center, and send warnings to nearby vehicles.

Public roads: Autonomous driving technologies
can make driving safer for the general public
and help local authorities manage roads

more efficiently. For example, they can quickly
detect traffic incidents and access the relevant
information, issue warnings about secondary

accidents, select better routes to avoid traffic
jams, send traffic alerts to vulnerable road users,
and provide information about construction sites
and other areas with temporary traffic controls.
Autonomous driving can significantly reduce the
number of traffic accidents.

Autonomous driving technologies will lead to
more innovative changes in the designs of car
bodies. All possible configurations will be explored
and exploited. Cars can become the mobile third
space, catering to many different scenarios. This
will give rise to new business models in industries
like catering. Self-driving food trucks may become
the standard of the future, and dinner with friends
and family may take on a whole new form: After
you book a lunch, a self-driving food truck will
pick you up and carry you along whatever scenic
route you choose. You can enjoy the views while
dining and chatting, all within a private space.
This model would eliminate the need to visit
restaurants and ensure privacy during the meal.
For a restaurant, the size of the premises would
no longer be a limiting factor for the size of its
business, and location would no longer restrict
the clientele it could attract. Business results could
be disconnected from footfall.
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Snapshot from the future: Urban air mobility

In the future, airspace will become an important
resource for urban transportation. An efficient
air-based urban transportation network will
significantly reduce congestion and travel times,
and improve the efficiency of logistics and
emergency services. Urban air mobility (UAM)
and electric vertical takeoff and landing (eVTOL)
aircraft have emerged as promising fields in the
global aviation industry.

As a new productive force, the low-altitude economy
presents huge potential and could grow to be worth
trillions of yuan *'. As an important enabler of the
low-altitude economy, eVTOL is expected to be
commercially deployed at a faster rate.

The research and development of eVTOL aircraft
has attracted investment from innovative
companies around the world, and their
performance has seen solid improvements.
Currently, the five-seat aircraft which are being
manufactured by several companies have a
cruising range of about 250 kilometers. Some
companies are working on eVTOL aircraft with
seven seats or more. > Some are exploring
hydrogen-fueled aerial vehicles * for longer
ranges (more than 600 kilometers). These

new aircraft may be used in various scenarios,
including emergency medical services, urban air
mobility, regional air mobility (RAM), air freight
transportation, and personal aircraft.

Air emergency rescue systems: Over the past
decade, skyscrapers have sprung up in major cities
around the world. The number of skyscrapers

will continue to grow over the next decade as
global urbanization continues. The rapid rise of
skyscrapers may make for impressive skylines, but

they also create safety risks. Providing firefighting
and emergency medical services to people in
skyscrapers will be a new challenge for cities. Air
emergency rescue offers a new solution to these
challenges. It allows firefighters and medical
personnel to get to the higher floors faster so
that they can better protect people and property
within the critical timeframe.

Air metro/air taxis: Convenient and efficient
transportation is one of the core needs of urban
residents. Batteries with higher energy density

are enabling electric aircraft to work for longer
periods of time and have a larger capacity. eVTOL
will prove to be an effective tool to improve the
urban transportation experience. Pilot projects
have begun for air passenger transportation
services and significant progress has been made
so far.

Air express: UAV express delivery is fast, efficient,
and flexible, and it can reduce delivery times
and improve service experience, especially when
it comes to deliveries during emergencies, in
remote areas, or in other special circumstances.
Technologies like big data, Al, and 5G-A powered
harmonized communication and sensing can
enable multi-source data fitting, airspace
situational awareness, black fly identification and
warning, and low-altitude route planning. High-
precision and grid-based low-altitude airspace
computing can help achieve fine-grained low-
altitude airspace management, properly plan
and dynamically manage the flight paths of
UAVs, and support large-scale, high-density, and
complex low-altitude operations. At the same
time, technologies like 5G-A, radar, and radio
detection can enable real-time and continuous

59



situational awareness during low-altitude flights
and promptly identify and combat black flies to
ensure low-altitude security in cities.

Advances in battery technologies have dramatically
increased the range and capacity of eVTOLs.

The latest lithium-ion and solid-state battery
technologies, for example, allow eVTOLs to fly
farther and carry more passengers and cargo.
Several cities around the world have already run
pilot projects for urban air mobility services.

In 2019, a Chinese tech company launched the
world’s first urban air mobility service in Zhejiang,
cutting road trips that normally took 40 minutes
to a five-minute air hop. * In 2023, a Chinese
tech company based in Shanghai announced

that its eVTOL aircraft had set a global record

for a two-ton eVTOL by flying 250.3 kilometers
on a single charge. During the 2024 Olympic
Games in Paris, a German tech company provided
trial urban air mobility services. On February
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27,2024, a Chinese tech company conducted
China’s first ever cross-city and cross-sea eVTOL
demonstration flight from Shenzhen to Zhuhai.
After flying about 55 kilometers over 20 minutes,
the aircraft successfully landed at Jiuzhou Port in
Zhuhai. According to NASA's projections, air metro
will support 740 million passenger trips by 2030.

Of course, such travel requires fast and stable
space-air-ground integrated networks and
positioning systems, cost-effective and reliable
visual sensors and lidars, secure and stable
automatic flight algorithms, and efficient, real-
time command and dispatch platforms.

By 2030, airworthiness regulations, infrastructure,
and air traffic control systems will be established
for low-altitude transport, and technological
advances will make aircraft safer and more
reliable and increase their range. Therefore, low-
altitude transport will emerge as one of the main
modes of transport.



» Direction for exploration: Connected vehicles for
safer, faster, and larger-scale autonomous driving

Safety, operation design domains (ODDs), and
affordability are three key but conflicting factors
affecting the scaling of autonomous driving. ODD
refers to the operating conditions under which

a given driving automation system is specifically
designed to function, including, but not limited
to, environmental, geographical, and time-of-
day restrictions, and/or the requisite presence or

absence of certain traffic or roadway characteristics.

To improve the safety of autonomous driving, it is
necessary to set limitations on ODDs and optimize
the system so that it strives to approach its upper
limits. This is the only way to commercially deploy
autonomous driving on a small scale. Another
option is to use more expensive equipment

to improve the safety of each intelligent, self-
driving vehicle, but this will make self-driving

less affordable. To commercialize autonomous
driving on a large scale and increase the level of
automation, we need to strike a balance between
safety, ODD restrictions, and affordability.

Vehicle-infrastructure cooperative autonomous
driving (VICAD) is a promising solution. It equips
each vehicle with a perfect perspective to ensure
safety and also helps efficiently allocate road
resources, so that every part of the transportation
system runs efficiently and collaboratively. To
make VICAD a reality, we need to integrate
advanced technologies such as sensing, computing
communications, and decision-making controls
and build a closed-loop enablement system

that can connect the digital space and physical
space and offer situational awareness, real-time

1
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interactions, well-informed decision making, and
precise execution based on data flows *.

Connecting vehicles requires continuous network
coverage. Currently, global mobile communications
services cover only about 20% of the total land
area (land only covers 29% of the earth’s surface),
and less than 6% of the earth’s surface. For
example, more than 95% of the sea area of China
is not covered by terrestrial mobile communications
networks. ** So a space-air-ground integrated
network is needed to provide continuous coverage.
As in-vehicle and in-flight entertainment on large
screens and holographic conferences are becoming
more popular, terrestrial networks alone will not
give users the consistent experience they demand

for entertainment and work. A space-air-ground
integrated network will be needed to provide large
bandwidth and high availability.




Snapshot from the future: Safer, more efficient dispatch services

Over the past decade, pioneers have begun
exploring the use of elevated rails to transport
containers in busy ports. Containers are sent

to rails similar to cable railways. The railway
system dispatches the containers based on their
destination and sends them to railway stations,
truck warehouses, or even waterless ports in
inland cities. This makes container transportation
much faster at a very low cost. In the future, we
will see a comprehensive transportation system
that supports the coordinated scheduling of
different modes of transport. This system will
ensure smooth traffic, speed up the distribution of
goods, and drive the development of port-related
industries. When this system is up and running,
transport facilities will be fully connected and

different modes of transport will work together

seamlessly, which will help boost logistics
efficiency, form industry clusters, and drive urban
development. In other words, ports, industries,
and cities will work more closely than ever for
shared success.

Snapshot from the future: Broadband in the air, just as at home

Moving forward, broadband coverage will extend
beyond the ground into the air and beyond.
Broadband connections will be available to
devices at various heights, such as drones less
than 1 kilometer above the ground, aerial vehicles
10 kilometers above the ground, and low-orbit
spacecraft hundreds of kilometers above the

ground. The integrated network will consist of
small cells covering hotspots within a radius of
100 meters, macro cells with a radius of 1 to 10
kilometers, and low-orbit satellites with coverage
over a radius of 300 to 400 kilometers, providing
users with unbroken access to broadband of up to
10 Gbit/s, 1 Gbit/s, and 100 Mbit/s, respectively. *

63



Conclusion:

/) Smart, low-carbon transport opens
up the mobile third space

In the future, transport will be a multi-dimensional and innovative system. The shift to electric,
autonomous, shared, and connected vehicles will create an intelligent, convenient, low-carbon transport
experience. To make this happen, we need innovative applications of new energy technologies; secure
and stable autonomous driving algorithms; cost-effective, reliable sensors; a high-speed, stable space-air-
ground integrated network; and a traffic management brain based on great computing power.

The mobile third space will reshape the transport experience, incubate innovative mobility services,
and drive the emergence of new business models. An intelligent urban transport management system
can optimize resource allocation, enable more efficient sharing of transport resources, alleviate traffic
congestion, and reduce the environmental pollution caused by traffic. This is how we will resolve the
conflict between the surging demand for transport and the urgent need to decarbonize.

Huawei predicts that by 2030, 82% of new vehicles sold in China will be powered by new energy, and
30% of these new vehicles will come with L3 or higher levels of autonomous driving systems. In addition,
by 2030, the whole-vehicle computing power will exceed 5,000 TOPS, and 60% of new vehicles sold will
support G-V2X.
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Cities
New Digital Infrastructure
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Urbanization is one of the global mega trends

of this century. More than half of the world’s
population now lives in urban environments, and
this figure is expected to rise to 60% by 2030 ' .
Take China as an example: 53.1% of China’s
population permanently lived in urban areas in
2012, but that percentage increased to 66.2% by
2023. This has driven a significant expansion in
the coverage of basic public services in cities and
towns *. Huawei predicts that China’s urbanization
rate will rise to 70% by 2030. China has planned the
development of five super-city clusters, such as the
Guangdong-Hong Kong-Macau Greater Bay Area
and the Yangtze River Delta °. By 2030, the world is
predicted to have 43 megacities with populations of
10 million or more *.

As urbanization accelerates, cities worldwide will
be forced to strike a balance between increasing
size and limited resources. Typical urban problems,
such as high energy consumption, pollution, traffic
jams, and unequal access to digital infrastructure,
will become even more pressing.

According to UN-Habitat, cities consume about
75% of the world’s primary energy and emit
between 50% and 60% of total greenhouse gases
°. By 2030, the world is expected to generate

2.59 billion tons of waste annually °, and up to 53
million tons of plastic could end up in rivers, lakes,
and oceans every year ". Another worrying statistic
is that air pollution kills an estimated seven million
people worldwide every year °.
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The conflict between growth and limited resources
will be the biggest headache for cities. They will
need to use available resources as efficiently as
possible. Rapid advances in new technologies,
such as 5G, 5G-A, cloud computing, Al, data
spaces, intelligent sensing, augmented reality

(AR), and virtual reality (VR), are opening up more
possibilities for cities, which represent the best
places to create and incubate new applications for
these technologies.

Over the past decade or so, countries across the
globe have been making their cities more digital
and exploring ways to leverage technologies to
support sustainable development. In 2020, nearly

1,000 pilot smart city projects were underway
worldwide. China was home to about 500 of
these, with another 90 in Europe and 40 in the
US °. Global spending on smart city initiatives is
also increasing every year. In 2020, this spending
totaled nearly US$124 billion, an increase of
18.9% over 2019 '°. According to IDC, China'’s
total ICT spending on smart cities will grow at a
compound annual growth rate of 8% and exceed
CNY1.1 trillion by 2027 ". Huawei predicts that
China’s spending on smart cities will surpass
CNY1.5 trillion by 2030. Advancing digital and
intelligent transformation has become one of the
key pathways to sustainable development for the
world'’s leading cities.

Direction for exploration: New digital
infrastructure as the new engine of digital cities

The continuous expansion of cities is exerting
pressure on the environment and our limited
resources. The biggest challenge for the future of
urban development will be how to use technology
to significantly improve urban governance. Cities
need advanced, refined systems that deliver
sustainability while minimizing resource use.

In the past, cities provided physical public
infrastructure - including water, electricity,

gas, and road networks - to support rapid
industrialization. Moving forward, a major
direction for exploration will be new digital
infrastructure that supports the development of
digital and intelligent urban systems.

We believe that the digital infrastructure of

new digital cities will consist of four layers. The
bottom layer is an intelligent sensing system
that can accurately sense dynamic situations and
track the heartbeat of the city in real time. The

second layer is intelligent connectivity. High-
speed wired and wireless connections will connect
the city, creating an organic whole. The third

layer is an intelligent hub, which will serve as

the city’s “brain” and decision-making system.
This layer aggregates massive amounts of data,
supports key services that underpin the city’s
sustainable development, and enables city-wide
data sharing, so that Al systems can maximize the
value they provide, making refined, data-driven,
highly-automated city development a reality. The
fourth and top layer is intelligent application.

A comprehensive ecosystem of intelligent city
applications will be built on top of the underlying
digital infrastructure, covering the “last mile” of
service delivery and creating infinite possibilities
for a smart city. These four layers will interconnect
and support each other, ultimately creating city
intelligent twins that embody the new goal of
ubiquitous intelligence citywide. This will help
create an intelligent era.



Snapshot from the future: Nanosensors tracking the pulse of the city

Digital cities depend on data, which comes from

a wide array of sensors scattered throughout the
city. Just as people perceive their surroundings
using their senses of sight, hearing, smell, taste,
and touch, a city needs its own sense organs -
deployed around the city - to sense changes.
These sensors provide the data that underpins the
growth of a digital city.

The MIT Technology Review listed “Sensing City”
as one of the 10 Breakthrough Technologies
2018. We believe that in the cities of the

future, isolated sensing systems will be merged
into a comprehensive sensing network, with
sensors connected using various transmission
systems. Analytics using these massive flows of
comprehensive data will generate a more accurate
picture of the latest developments within a city.
At the same time, breakthroughs and advances
in sensing technology will also drive leapfrog
advances in sensing cities.

One particularly cost-effective and revolutionary
technology - nanosensors - is expected to drive
the next sensor revolution. Nanosensors have

huge potential and can be deployed in massive
numbers to form a wireless nanosensing network.

This will greatly enhance a city’s ability to sense,
leading to major advances in climate monitoring,
health monitoring, environmental protection, and
other domains.

Nanosensors are very small and precise, and will
vastly improve sensing performance. Working

at the atomic scale, they are expanding our
understanding of what sensors can be, driving new
advances in sensor manufacturing, and opening
up new fields of application. Early applications of
nanosensors cover many different fields, including
biology, chemistry, mechanics, and aerospace.

Graphene gas nanosensors, for example, are ultra-
sensitive to odors. A nano-coating on the sensor’s
surface where it makes contact with the gas
improves sensitivity and performance. The sensor
collects odor molecules with a metal-organic

film, and then amplifies the chemical signals

using plasma nanocrystals. The most common
application of these sensors is in carbon dioxide
detection, but they can also be used to quickly
detect hazardous and toxic gases.

One American university has created a novel type
of nano-coating using graphene, and when the
coating is applied as a nanofilm on gas sensors, it
delivers a 100-fold increase in molecular response
compared to the best available sensors that use
carbon-based materials .

In the near future, these sensors will be able to
accurately identify hazardous, toxic, or explosive
gases in the air, greatly improving safety in scenarios
like manufacturing and customs inspections.

Nanocrack-based acoustic sensors are able to
recognize specific frequencies of sound. They are
more sensitive than other acoustic sensors, as
the spacing between cracks in nanocrack-based
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sensors can be as little as just a few nanometers.
Researchers build the frames of these sensors

by adding a 20-nanometer-thick platinum layer
to the surface of a viscoelastic polymer. When

the platinum layer deforms and stretches, it pulls
away from the underlying polymer. Researchers
have then been able to measure the conductivity
of the sensor surface. In an environment with 92
decibels of noise, the nanocrack sensor performed
far better than conventional microphones at

separating out sounds in a given frequency range.
For example, when these nanosensors are placed
on the surface of a violin, they can accurately
record every note of a tune and “translate” it so
that a connected device can accurately recreate
an electronic version of the tune. When someone
puts this kind of sensor on their wrist, it can even
accurately monitor their heartbeat. Naturally,
breakthroughs in this technology will greatly
enhance the acoustic monitoring of a city .

Snapshot from the future: All-optical, 10-gigabit cities

The digital transformation of cities requires
massive flows of information. The newest
generation of connectivity technologies, such

as 5G, F5G, and 10-gigabit Wi-Fi, is enabling
high-speed networks with universal coverage in
urban spaces. All these technologies enable high-
speed information flows, which require all-optical
networks. A foundation of all-optical networks
will allow cities to merge their operational
infrastructure into their communications
infrastructure. As a result, new types of people-
oriented government services will be more
accessible and affordable to individuals, homes,
and organizations.

Several major cities have already conducted
preliminary research into this area and found
tentative signs of all-optical cities’ tremendous
value and growth potential.

In April 2021, Shanghai became the world's
first All-optical Smart City. With its F5G optical
network, the city is able to deliver stable
connections across the city that have a latency
below 1 millisecond anywhere. The deployment
of this high-speed optical network has laid a
solid foundation for Shanghai’s future digital
transformation . Major cities around the
world are now racing to release their own
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10-gigabit action plans, with over 20 provinces
and cities having already released one. Beijing has
announced its Optical Network Capital, 10-Gigabit
City Action Plan (2023-2025) while Shanghai has
unveiled its Action Plan for Further Promoting New
Infrastructure Construction (2023-2026) to connect
the whole city with 10-gigabit 5G-A networks and
10-gigabit optical networks. Qinghai has also
released Guidelines on Dual 10 Gigabit (5G-A &
F5G) Industry Development and Application
Innovation. Saudi Arabia has also unveiled The

10 Gbps Society white paper which echoes the
Middle East’s vision for 10-gigabit experience.

In Adelaide, Australia, more than 1,000 buildings
are now connected to 10-gigabit networks.
Companies in these buildings can access cloud
services at a speed of 10 Gbit/s, creating huge
opportunities for industries such as education,
video, IT, and software engineering .

We believe that all-optical infrastructure

will drive leapfrog improvement in terms of
capacity, bandwidth, and user experience for the
communications networks of future cities: Uplink
and downlink rates will reach 10 Gbit/s; latency
will be reduced to microseconds; and the number
of connections will see a 100-fold increase.



The future architecture of an all-optical city will
consist of four parts:

All-optical access: All network connections will

be optical, including home, building, enterprise,
and 5G base station connections. All-optical
transmission networks will be extended into edge
environments like large enterprises, buildings, and
5G base stations. 10-gigabit access networks will
enable digital transformation across industries,
support access to cloud and computing networks
within one millisecond, and drive F5G application
in diverse scenarios as well as 5G adoption in
business settings. By 2030, optical transport
networks will cover all government agencies,
financial institutions, key universities and scientific
research institutions, large hospitals, large
industrial enterprises, as well as development
zones and industrial parks above the county level.

All-optical anchors: Connections originating in
home broadband, enterprise broadband, 5G
networks, and data centers will be routed and
transmitted through all-optical networks. All-
optical anchors will support multiple technologies,
enable service-based traffic steering, and provide
one-hop connections to cloud and computing
networks. By 2030, every 10,000 people will have
four all-optical OTN anchors, and 25% of these

anchors will deliver 100G services.

All-optical bearing: Urban optical networks
support one-hop access to services. All-

optical cross-connect, optical-electrical hybrid
automatically switched optical network (ASON),
and other technologies will be used to build
multi-layer optical networks that support one-
hop access to services, highly reliable networking,
high-speed inter-cloud transmission, and high
synergy between optical and computing networks.
More than 50% of data centers will be connected
with each other through optical networks, with
single-wavelength bandwidth higher than 400
Gbit/s. Mesh fiber networks can deliver 99.9999%
reliability thanks to their ability to withstand

two or more cut fibers, without services being
interrupted. All data center networks will adopt a
hybrid optical-electrical design that uses all-optical
switching technologies to connect switches and
routers within individual data centers.

Intelligent and automated O&M: Real-time sensing
of network status with proactive, preventive

O&M will support elastic network resources,

and automated service provisioning, resource
allocation, and O&M.

By 2030, many cities will have 10-gigabit
connectivity, with 10-gigabit services available to
organizations, homes, and individuals.
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Snapshot from the future: Intelligent and digital city upgrade
underpinned by intelligent computing centers

As a key pillar of urban information infrastructure,
intelligent computing centers are essential

to satisfy the fast-growing demand for Al
computing power in cities. They play an
important role in promoting Al industrialization,
industry intelligence, intelligent governance, and
industry clusters. They are also key to driving
comprehensive digital city transformation,
optimizing industry structures, and improving

the competitiveness of individual cities in the
digital economy era. According to the Action

Plan for High-quality Development of Computing
Power Infrastructure jointly released by China’s
Ministry of Industry and Information Technology
(MIIT) and other five ministries, by 2025, China'’s
computing power is expected to exceed 300
EFLOPS, with intelligent computing accounting
for over 35% of that power. According to Huawei,
by 2030, global intelligent computing will exceed
864 ZFLOPS.

Intelligent computing centers will support cross-
industry collaboration by providing diversified
computing power and integrated services.

They will also consume less energy and make
computing resources more affordable and
accessible. Intelligent computing centers will
also be connected to Al computing networks.
Computing infrastructure, especially intelligent
computing centers and computing networks,
can effectively promote Al industrialization and
industry intelligence, and serve as the foundation
for intelligent cities that underpin the digital
economy. Intelligent computing centers provide
cost-effective, affordable, and secure computing
resources that will make Al computing power as
easily available to governments, enterprises, and
the public as water, electricity, gas, and other
urban public utilities.
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Wuhan Al Computing Center, which officially
entered operation on May 31, 2021, currently

has a capacity 1,500 PFLOPS and plans to
expand its capacity to 6,800 PFLOPS. The center
is China’s first Al computing infrastructure
intended for public services, and, as its name
indicates, it is based in Wuhan from where it

will serve the neighboring Hunan, Hubei, and
Jiangxi provinces. It has become the largest
intelligent computing center in central China

and delivers immense computing power to
enterprises in Wuhan and the surrounding areas.
By making computing power more affordable
and accessible, the center supports the R&D of
innovative applications in many fields, including
smart manufacturing, autonomous driving, smart
cities, smart agriculture, weather forecasting, and
pharmaceutical development.

With the help of the intelligent computing
center, Wuhan Bosheng Technology’s SiFold
protein structure prediction platform can narrow
the scope of its searches for target drugs and
shorten its prediction process to one day. In
addition, the protein structure predictions made
by this platform are 10-times more efficient than
previous predictions and lower the cost to just a
few hundred Chinese yuan.

Intelligent computing power is being used in many
different scenarios, from intelligent manufacturing
plants to cutting-edge labs, addressing real-
world issues and creating new solutions that

will benefit people for years to come. As a core
driver of productivity in the digital economy,
computing power is becoming increasingly
essential in Wuhan’s ambitions to test cutting-
edge technologies, incubate new applications, and
nurture up-and-coming enterprises with explosive
potential to advance the digital economy.



Snapshot from the future: Intelligent hubs cutting out the human

factor from urban management

During the digital transformation of cities, data
barriers will be broken down, and all data will
ultimately form a single data lake. Therefore,

Al will play an increasingly important role, and
many public service and regulatory issues will be
decided by expert algorithms instead of being left
up to human judgment. Narrow Al applications
will expand until they can deliver data-driven
intelligence for all city governance scenarios.

Technological advances are driving important
changes in the approaches we take to city
governance. For example, there has been a shift
from reactive services to proactive services, from
broad-brush to clearly defined regulations, and
from post-hoc response to real-time response and
even incident prediction and prevention.

These changes will pose new challenges: For
example, new public governance agencies

will have to be created to keep Al in check.
Algorithmic authority, which means the authority
to wield algorithms and massive data volumes,
will be woven into the city governance system -
a move that will reshape city governance itself.
With Al, the city governance system can extend
its reach, with Al-enabled sensors across the city
providing citizens the urban resources they need,
right when they need them. Al ethics, including
human-centered Al, equality, and fairness, must
be constantly observed to ensure technology

et
=1
=
o
=1
-
=t
=
=
-t
-

evolves in a way that truly benefits all of
humankind.

Huawei believes that as the goals of city
governance evolve, cities will need powerful
intelligent hubs to aggregate data, support
applications, and help us overcome the challenges
created by technology. They will also need the
capacity to iterate and improve themselves. These
hubs will aggregate massive amounts of data
from every corner of a city, and mine that data
for insights to support better city governance. This
will benefit every industry and greatly improve the
efficiency of city governance and the experience of
users of government services.

Early-stage explorations by Toyota: In Toyota’s plan
for the city of the future, each house, building, and
vehicle will be equipped with sensors. Data from
these sensors will then be aggregated into a city’s
data operation system, through which people,
buildings, and vehicles will be connected. When the
data is aggregated to the intelligent hub, Al will be
used to analyze people’s surroundings and then
guarantee the safety of pedestrians and drivers

by keeping them separated. In addition to new
technologies like indoor robots, residents will be able
to use Al to check their health at home. Wearable
medical sensors for home use will transfer data

to the data operating system, which will provide
instructions for healthcare and healthy living'® .
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Snapshot from the future: Smart ecosystems spreading intelligent
services across all city use cases

When cities have ubiquitous, high-speed
connectivity, intelligent hubs, and massive, real-
time data from city sensors, smart applications will
emerge in every area of urban life.

Starting with government services, Al will expand
to enable industry development and smart
lifestyles. The key to this process will be an
ecosystem for innovation in smart applications
that bridges the last mile in services for residents.
These services will be vital to unleashing the value
of new digital infrastructure.

Some major cities are already early adopters of
this idea. In China, Huawei has partnered with
Shenzhen’s Guangming Science City to build a
showcase for green, all-optical, smart districts.
Once it kicks into full gear, this project will
accelerate innovation in services for key urban
industries, such as smart manufacturing, life
sciences, and optical networks.

Huawei and Guangming will also build China’s first
innovation center for life sciences and intelligent
manufacturing. This center will include two service
platforms - El Health and Fusion Plant. By bringing
together both upstream and downstream players

80

to serve their respective industries, Huawei and
Guangming will accelerate their modernization
and use of Al.

These industry platforms will provide two key
services to support business innovation: a powerful
public cloud computing platform and massive
storage. In the field of life sciences, these services
will support trained algorithms for image analytics,
gene analysis, and drug R&D data analytics. For
manufacturers, they will offer industrial Internet
services. This will accelerate digital transformation
for biomedical and industrial enterprises, and
support the emergence of smart applications and
application providers.

Thanks to this new digital infrastructure, cities
will also be able to create their own smart
innovation ecosystems. These ecosystems, in turn,
will take advantage of infrastructure to bridge
gaps in digital innovation. We expect to see the
positive cycle between ecosystems and industry
development. This will unleash tremendous value
of digital infrastructure across cities, benefiting
countless industries. Smart ecosystems are key to
spreading intelligent services across all use cases.



> Direction for exploration: Smart government
services making cities more human

In China, accessing government services often involves many visits to different agencies and administrative
departments. Today however, most Chinese cities have government service halls and most government
services can be delivered within these halls. Since the outbreak of COVID-19, more government services
have also been delivered through smartphones without the need to visit service halls.

Major cities in China and other parts of the world are bringing the idea of people-centric government
service to life. This trend, combined with the evolution of cloud, Al, intelligent sensing, blockchain, and
other advanced technologies, will unleash tremendous amounts of power that we can only begin to
imagine. Moving forward, cities need to figure out how they can get this combination right, before they
can truly deliver swift and easy access to government services and become friendlier places to live.

Snapshot from the future: Proactive, precise, data-based
government services

Machine recognition technology enables contactless rating. As these services continue to improve,
services. Today, in most of China’s developed they will deliver a better experience to millions
provinces, residents no longer need to go to of residents.

government service halls to access government

services. Instead, they can now simply use their e Universal access to one-stop, e-government

smartphones. Over the next decade, more and more services will soon be realized. In the future,

intelligent digital government services will surface. all government services will be remotely
accessible and government service halls may

o Digital identity authentication is expected cease to exist.
to be widely adopted. The ID cards, drivers’
licenses, social security cards, and bank cards Technological advances will give rise to new digital
that people carry at all times will be digitalized, government practices and government services.
creating a total addressable market for global Today'’s centralized digital government model, or
electronic identity authentication services worth “One-net Management”, is a great example. In many
US$18 billion by 2027 ". Chinese cities, the local government has established

this government structure using big data and IoT.

e Digital credit will underpin and restructure This model enables complex operations involving
many public service processes and the customer multiple different departments, regions, and levels of
experience. It will be one of the founding government. It offers an architecture that addresses
technologies for digital government. Most the needs of the municipal government and of local
residents are already familiar with some services residents. In the future, as governments aggregate
like electronic library cards, social security cards, more massive data and their Al technologies mature,
and car rental services that require a credit they will be able to deliver government services in
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a more precise and proactive way; manage their
municipalities more efficiently; and improve their
service experience.

Let’s look at smart care for the elderly as an
example. Some communities in Shanghai have
installed smart water meters at the homes of
elderly people who live alone, with their consent. If
the total water used within a 12-hour period falls
below 0.01 cubic meters, the meter will send an
alarm to the One-net Management Platform of the
local community workers. These workers will then
arrange a welfare check for the elderly resident.
Such initiatives add a human touch and improve
support for the elderly .

B-—

Snapshot from the future: Urban data spaces that promote the
circulation and unlock the value of data elements

Data has become the fifth key factor of production
in addition to land, labor, capital, and technology.

It has also become a new driver of the digital
economy. Efforts should be made to accelerate data
circulation and transactions, as this is crucial for
unlocking the value and potential of data. By 2030,
the global data transaction market is expected to
reach US$301.1 billion, with China’s market reaching
CNY515.59 billion at a fast compound annual
growth rate of about 20.3% "°.

Digital societies produce massive amounts of

data and open up new spaces for urban data. The
amount of data generated by cities is growing from
terabytes to petabytes, and data is becoming the
new oil for cities. Through urban data spaces and
technologies, especially big data, blockchain, Al,
privacy computing, and security and trustworthiness
technologies, cities will be able to effectively process
and analyze massive amounts of data, maximize
the value of data elements, and use data to inform
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urban management and decision making. This
means data has the potential to create greater
economic and social value, and become a new driver
of urban development. However, different players
in society have different requirements for data
aggregation, circulation, and security in different
scenarios. To meet these diverse requirements,
urban data spaces will need to support one-

stop data collection, processing, development,

and application, and provide a complete portfolio
of capabilities, from data aggregation, storage,
governance and processing, to development,
utilization, and intelligent application. Urban

data spaces will need to meet the development
requirements for socialized and comprehensive
governance in complex scenarios, and provide a
unified platform for all participants to interact with
each other and match supply and demand. This can
promote data openness, sharing, and authorization,
and create new value with data in multiple service
scenarios.



u

As the entity authorized to manage public data in innovative technologies to identify high-value
Shanghai, Shanghai Data Group has been tasked scenarios for data elements, unleash the productivity
with creating a data element market, unleashing of data elements, and help government agencies,
the potential of data elements, and ensuring data local enterprises, and residents in Shanghai unlock
security. By integrating urban data spaces, industry the value of different data elements. These efforts
data spaces, enterprise data spaces, and personal aim to create new urban data spaces and facilitate
data spaces, Shanghai Data Group is leveraging smooth circulation of data across the city.

Direction for exploration: Intelligent environmental
protection for livable cities

Urban development always puts pressure on the environment. Cities are major sources of air pollution,
carbon dioxide emissions, solid waste, and water pollution. Infrastructure for protecting the environment
usually lags far behind the economic development and population growth of a city. Therefore, a key aspect
of constructing future cities relates to addressing the conflict between urban growth and the environment.
This leads us to examine how digital and intelligent technologies can be used to protect the environment
more efficiently and make cities more livable for every resident.
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Snapshot from the future: Automatic waste disposal for zero waste cities

Cities produce huge amounts of solid waste every
day, and effective waste disposal has always been
a daunting challenge for city administrations. The
zero waste city is a concept that emerged from
building innovative, green cities, and sharing the
benefits of city development. Under a zero waste
city initiative, cities grow and operate in a greener
way, reduce solid waste, use resources more
efficiently, and minimize the impact of solid waste
on the environment.

“Zero waste city” initiatives have already been
launched around the world. For example, the
European Union (EU) has kicked off the European
Green Deal. Key elements of the waste proposal in
this deal include:

e A common EU target for recycling 65% of
municipal waste by 2030;

e A common EU target for recycling 75% of
packaging waste by 2030;

e A binding landfill target to reduce landfill to a
maximum of 10% of all waste by 2030;

e A ban on landfilling of separately collected
waste;

e Concrete measures to promote re-use and
stimulate industrial symbiosis - turning one
industry’s by-product into another industry’s
raw material *°.

C40 Cities also issued an Advancing Towards Zero

Waste Declaration, pledging to achieve zero waste

cities by:

e Reducing municipal solid waste per capita by at
least 15% by 2030 compared to 2015;

e Reducing the amount of municipal solid waste
disposed through landfills and incineration by
at least 50% by 2030 compared to 2015; and
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e Increasing diversion away from landfill and
incineration to at least 70% by 2030 *'.

In 2019, China started piloting its own zero
waste city initiative in “11 + 5” cities * to explore
how to construct a solid waste classification and
recycling system.

With so many countries setting goals to
construct zero waste cities, solid waste processing
technologies and innovations are set to develop
rapidly, generating many new methods and best
practices in this sector.

The Songdo Smart City Hub in South Korea has
introduced an automated waste disposal system
which uses negative pressure to suck domestic
waste to a waste processing center through
underground pipes. In Malaysia, one company
has developed a waste disposal system ** that
transports municipal or domestic solid waste
through underground pipes at high speeds, taking
the waste from waste chutes and outdoor load
stations into sealed containers located up to 2.5
km away. Once the containers are full, they are
collected at specific times by an arm-roll truck. This
system dramatically speeds up the entire waste
collection process whilst reducing manpower.

One company in Europe has also developed an
automated waste sorting robot. Powered by Al,
this robot can automatically identify different
types of waste on a conveyor belt, classify the
waste as required by customers, and then process
and recycle the waste. The robot can sort waste
several times faster than a normal worker and can
run 24/7, significantly speeding up the entire waste
sorting process. In the future, with the help of such
intelligent waste sorting robots, waste sorting in



cities is set to be much faster, as it becomes fully
automated and unmanned.

With the help of Al, the entire waste management
process in a future city, from collection and
transportation to sorting and processing,

will be automated and intelligent. Intelligent
waste recycling bins, driverless garbage trucks,
automated waste sorting robots, automated
garbage recycling devices, and other innovative
applications will emerge one after another.
Hopefully, this will help to make more and more
zero waste cities possible.
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Snapshot from the future: Optical detection making water sources safer

The uneven distribution of water resources and
water pollution have long been problems for cities.
Many face water shortages. At present, slightly less
than one half of the global population - about 3.6
billion people - live in areas that suffer from water
scarcity **. Industrial wastewater and agrochemical
water pollution are far more serious today than in
the past.

The management and use of water resources in
most cities worldwide is still siloed, split across
several different industrial sectors, and lacking any
kind of centralized overview. In the future, cities
will need to better manage their full water cycle,
from intake and use to discharge. A holistic, Al-
managed system will need to be introduced to
manage water resources, and cities will need to
rebuild their water facilities. An Al system will be
able to maximize the use of water resources within
a city by refining every stage of water intake, use,
and discharge through forecasts for weather and

water consumption. This process will also involve
precise, scheduled use of water resources and a
reduction in the total energy consumed.

Water quality monitoring, especially during the
treatment of industrial wastewater, is another

key concern for the conservation of city water
resources. Many emerging technologies can be
applied in this sector. Wastewater often goes
through a chemical treatment process. However,
this approach usually takes a long time and

has many restrictions. In contrast, new optical
detection technologies do not suffer from any of
the drawbacks of chemical treatment. As different
substances produce unique spectral patterns,
new technologies could be used to monitor water
quality in real time throughout the entire process,
detecting wastewater whenever it is present.

One research team in the US has developed
optical sensors to detect sewage contamination. *°
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Statistical relations between optical properties

and genetic bacteria markers are being used to
calibrate field sensors for the detection of sewage
contamination, including the sources and timing of
contamination .

Optical technologies can also be further integrated
with analytics from the loT, Al, and cloud
computing. Sensors for water quality and deep
data analytics will move us closer to 24/7, efficient,
real-time, automated, intelligent water quality

—

monitoring and enable faster warnings in cases of
water contamination.

Optical technology can also be used alongside

Al to explore the hidden relationships between
water quality parameters and treatment processes,
S0 as to upgrade and transform urban sewage
treatment processes more methodically.

All of this can create a closed loop of prevention,
control, monitoring, treatment.

Snapshot from the future: Real-time Al air quality monitoring

In recent years, air pollution has posed an
increasing threat to people’s health, and urban
air quality is attracting more attention than

ever before. According to the World Health
Organization, nearly 90% of cities worldwide fail
to meet its air quality standards. This problem

is only getting worse. Industrial exhaust, coal
burning, automobile exhaust, and other types of
air pollution have all become major challenges to
public health.
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Most cities will likely soon opt to deploy cost-
effective and reliable air quality sensors and build
new monitoring networks. This will allow them to
monitor air quality and weather across the entire
city and take targeted measures to improve air
quality and the urban environment. One company
has developed a highly-integrated, real-time air
monitoring system *° that uses integrated sensors
and software to monitor the concentrations of
environmental pollutants in urban environments,



such as PM2.5, PM10, CO, NOx, SOx, and O3,

as well as other environmental parameters like
noise, temperature, humidity, air pressure, rainfall,
and flooding. The system'’s data is wirelessly
transmitted in real time to a cloud platform that
in turn provides a real-time visual dashboard for
effective management of the overall environment
in key areas of the city.

In the future, we can consider integrating these
sensors with Al. With the support of machine
learning, sensors will be able to better detect their
surroundings and make preliminary judgments
regarding potential changes. This intelligent
upgrade of sensors could substantially improve
the ability of cities to automatically sense
environmental changes in real time.

The use of Al-powered sensing during the

COVID-19 pandemic was a prime example of
how such technologies can be applied. Every time
a person exhales, small droplets are released

into the air that can transmit viruses to others.
The lower the humidity or temperature around

a person, the longer an infectious aerosol can
stay in the air and the higher the probability of
infecting another person. An Al sensing system
can monitor volatile organic compounds, humidity,
and air temperature, and determine whether an
environment is conducive to virus transmission.

In addition, such systems can automatically and
centrally control ventilation and air conditioning
systems to reduce the risk of infection.

Novel applications in this sector will boost the
ability of cities to monitor and improve air
quality and simplify the process of managing our
atmospheric environment.
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- Conclusion:

New digital infrastructure making cities
more human and livable

ICT technologies like 5G, optical networks, Al, cloud, blockchain, and intelligent sensing will be rolled
out rapidly over the next decade. Cities will soon enter an era of 10-gigabit connectivity, with 10-gigabit
services becoming available to organizations, homes, and individuals. Huawei predicts that by 2030
worldwide, 84% of companies will have access to 10-gigabit Wi-Fi services and 25% of homes will have
access to 10-gigabit broadband services.

The application of these ICT technologies in cities will result in fundamental changes, allowing cities to
go digital and intelligent on all fronts. Urban infrastructure will become increasingly intelligent, data will
become increasingly valuable, business will increasingly apply Al models, and applications will become
increasingly smart. These four trends will enable new intelligent architectures for cities and new models
for urban infrastructure construction.

There will be structural changes in how cities pursue sustainable development and economic growth. City
intelligent twins and smart resource planning and utilization will help significantly improve governance
efficiency, city resource utilization, and user experiences. The integration and innovation in new forms

of productivity will drive the development of urban economies. This can ultimately help cities achieve
sustainable development goals and make them more human and livable.
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Huawei predicts that by 2030,

84% of companies will have access
to 10 gigabit Wi-Fi networks.
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Over the next decade, the world’s population

will age significantly and irreversibly. According

to a report published by the UN ', the global
population aged 65 and over is projected to
exceed 12% of the total population by 2030, while
the global population aged under 25 will decrease
from 41% in 2020 to 39% in 2030.

Population ageing will lead to a huge worldwide
labor shortage. By 2030, we can expect a deficit
of 85.2 million workers around the world - more
than the current population of Germany . Labor
shortages are soon expected in 12 of the world’s
15 biggest economies - which collectively account
for 70% of global GDP. The size of the workforce
is an important factor in economic growth for
every country. Take manufacturing for example.
By 2030, this sector is estimated to face a global
labor shortage of 7.9 million workers, leading to
unrealized output of US$607.14 billion °.

Co nsumer demand is set to become much more
diverse, which will profoundly change production
models and force businesses to innovate.
Companies that aim to grow and expand their

business will need to capture, stimulate, and
nurture increasingly diverse consumer demand.
Companies of the future must rapidly respond to
new consumer demands by launching products
with innovative functions. For example, as the
“singles economy” gains traction, companies

can rapidly adjust their products by targeting
areas like solo dining, small home appliances,
and mini karaoke booths. In addition, companies
need to take the initiative and stimulate demand
through emotional appeal, and rapidly produce
combinatorial designs for product appearance,
images, and implications. For example, they can
customize limited-edition products or launch co-
branded products within the shortest time possible.

Black swan events pose new challenges to
business continuity. For example, the global spread
of COVID-19 negatively impacted the economy,
resulting in factory shutdowns, material shortages,
and disruptions to global logistics and supply
chains. It is estimated that the pandemic cut global
trade by between US$1.7 trillion and 2.6 trillion ‘4
highlighting the importance of enhancing value
chain resilience.
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» Direction for exploration: Bringing unmanned
operations to manufacturing and services to make

up for labor shortages

In order to expand, companies need to promptly
seize business opportunities. When they receive
a large order with a tight deadline, they must
quickly expand their production capacity.
However, more and more companies are missing
out on opportunities due to labor shortages. This
is where new productive forces come in.

People are also trying to introduce new
productive forces to help solve chronic issues in
education, healthcare, and many other industries,
such as unequal distribution of resources and
shortages of professional talent.

Snapshot from the future: Collaborative robots

Collaborative robots are a type of industrial robot.
They were initially designed to meet the customized
and flexible manufacturing requirements of small-
and medium-sized enterprises, and perfectly align
with the development trends of the manufacturing
industry. Collaborative robots are suitable for

jobs that people don’t want to do, such as highly
repetitive work like sorting and packaging.
Collaborative robots have several unique
advantages:

Safer: Collaborative robots are compact and
intelligent, and their sophisticated sensors enable
them to stop in an instant. Unlike traditional
industrial robots, collaborative robots do not need
physical fences, as the scope of their movement is
restricted by virtual digital fences. This means they
can be placed at any location along a production
line on demand, and work closely together with
human workers on the production line to get
work done.
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Faster and more flexible deployment:
Traditional industrial robots require professionals
to plan and program their movement paths and
actions, so they take a long time to deploy and are
very costly. In contrast, collaborative robots feature
user-friendly programming, such as programming
by demonstration, natural language processing,
and visual guidance. They can be placed in

new positions at any time, and programing and
commissioning can be completed rapidly, so they

can start working very quickly.




Lower total cost of ownership (TCO) and shorter
payback period: The price and annual maintenance
cost of collaborative robots are significantly

lower than those of traditional industrial robots.
According to China’s Forward Industry Research
Institute, the average selling price of collaborative
robots has halved over the past several years °. As
collaborative robots are adopted more widely, their
price will fall even further, meaning investment in
these robots will quickly result in positive cash flow.

Collaborative robots are currently most widely
used in the manufacturing of computers,
communications equipment, consumer electronics
products, and automobiles. They are also starting
to be used in the medical industry for analysis
and testing, liberating medical professionals

from repetitive and time-consuming procedures
(e.g., urinalysis) and reducing the risk of infection
among medical workers by taking care of tasks
like throat swabs.

‘shot from the future: Autonomous mobile robots

Autonomous mobile robots (AMRs) are a key
enabler to help the manufacturing industry
become flexible and intelligent. They will reshape
production, warehousing, and logistics processes.

AMRSs generally need rich environmental
awareness. They feature dynamic route planning,
flexible obstacle avoidance, and global positioning.
The AMRs used in industrial manufacturing and
logistics are mainly powered by simultaneous
localization and mapping (SLAM) technology to
enable autonomous navigation. Their environment
does not need to be tagged to enable them to
navigate °.

1

On production lines, AMRs make automated

and unmanned logistics possible. This includes
unmanned execution; unmanned interaction
between AMRs and other equipment for material
collection, feeding, and unloading; and unmanned
material handling.

In warehouses, AMRs implement goods-to-
person picking and execute intelligent picking,
movement, and stock-in and stock-out procedures.
In this model, the control system receives an

order and assigns an AMR, which then lifts the
shelf containing the required goods, moves it to
the operator console, and unloads the goods to
complete the order. After picking is completed, the
robot moves the shelf back to its original position.

The distribution and picking of materials are not
confined to factory buildings; AMR systems can be
expanded to an entire campus. For example, when
goods are unloaded, robots can automatically
move them into their designated warehouses.
Goods will be automatically logged into and out of
warehouses, and the movement of goods between
factories or warehouses will be automatically
registered. These functions require the robots to
support outdoor autonomous navigation, using
features such as laser navigation, visual navigation,
and satellite positioning.
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Snapshot from the future: Industrial humanoid robots

Humanoid robots are designed to have
human-like forms and functions, including
anthropomorphic limbs, mobility skills, sensory
perception, and learning and cognition
capabilities. They will likely become the most
valuable carriers of “embodied Al”. Combined with
rapidly developing general artificial intelligence
and Al foundation models, humanoid robots will
enable machines to interoperate and interact
with their environments in a more intuitive and
intelligent manner, and perform a wide variety of
complex tasks just like humans.

Industrial humanoid robots can flexibly carry
out different operations, move agilely, and
independently learn and make decisions. Unlike
traditional industrial robots, humanoid robots
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can complete specific tasks without requiring
advanced planning. They can autonomously
perceive, understand, learn, and make decisions
when completing production line tasks and are
capable of powerful autonomous decision making,
operations, and interactions. Humanoid robots
can currently work in a number of positions in
factories, including material handling, quality
inspection, labeling, assembly, and high-risk
operations.

Humanoid robots can also work around the

clock without rest, meaning they can significantly
improve both production output and product
quality, solve the long-standing challenges caused
by labor shortages, and usher in a new era of
intelligent manufacturing.



Snapshot from the future: Al-powered adaptive teaching

Conventional education uses the same model
to deliver the same course content to different
students. Al can transform this industry by
analyzing learning models and individual
differences between students. This improves
the quality of education and makes it possible
to teach students in accordance with their
aptitudes.

For example, as technologies such as big data,
cloud computing, Internet of Things (loT), virtual
reality (VR), and augmented reality (AR) evolve,
Al-assisted education will break down learning
and teaching behavior in a more granular way
and build more robust and precise education
models. VR and AR technologies can be used to
present materials in a more engaging manner and
deliver interactions that suit students’ personal
preferences, helping students better master their
course content.

Al liberates teachers from the repetitive

and tedious grading of exam papers and
administration, allowing them to focus on the
creative work of educational research and one-
on-one communication with students. Supported
by huge amounts of data generated through
educational activities, Al will help teachers better
understand the effectiveness of their teaching,
and provide key recommendations on the most
effective teaching methods and the best way to
organize course content.

In schools, Al can be deployed anywhere, and can
simulate the best teachers of any subject, bringing
the highest-quality education and content to

the most remote schools. Al-based education
offers multi-channel engagement with students,
including video and audio, which can help make
up for the scarcity of teaching resources in some
areas (for example, in understaffed schools,

a teacher may have to teach four or even five
different subjects). In this way, Al promotes
educational equity ",
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> Direction for exploration: New production models
geared towards personalized needs

The role of consumers in the production process
is changing remarkably. Consumers are being
given more say in upstream activities, and can
engage in more and more steps during the
production process. Under the old model, large-
scale production is the norm, where companies
design and manufacture products, and consumers
simply choose what they want from a range of
finished products. With companies now better
understanding what consumers really want,
they offer more and more product categories to
provide consumers with more choices, but this
often results in overstocking.

New models such as e-commerce and
livestreaming enable companies to more directly
and accurately assess customer demand and
promptly adjust the size of their production runs

to avoid overstocking. Companies can even plan
how many resources they will need in advance to
avoid overcapacity.

In the future, consumers will become directly
involved in design processes. They will be able
to express their opinions and even make design
decisions. For example, modular designs in

the flexible manufacturing process can allow
consumers to mix and match and decide on the
form factors or style of the products they want.
Companies then only start production once the
customer has made their choice. This will make
the whole production model truly personalized.
As modular manufacturing offers more options,
consumers will be given more freedom to choose
exactly what they want, ultimately leading to a
fully personalized production model.

Snapshot from the future: ICT-powered flexible manufacturing

To respond to changing market conditions and set
themselves apart in the face of fierce competition,
companies must take the initiative and embrace
new production models. That's why an increasing
number of companies are looking to concepts like
flexible manufacturing.

Flexible manufacturing is an advanced production
model characterized by on-demand production.

It helps companies become more flexible and
enables them to rapidly respond to ever-changing
market demand. In addition, flexible manufacturing
shortens the R&D cycle, cuts R&D costs, and
ensures equipment is not left idle, all while
reducing inventory risks and speeding up capital
turnover. Therefore, it allows companies to seize
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market opportunities and grow sustainably. Flexible
manufacturing involves the following areas:

Flexibility of product design and production line
planning: After receiving an order for a new
category of product, companies need to quickly
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conduct R&D and design, and rapidly adjust

factors such as production line equipment,
working procedures, processes, and batch

size. This is where ICT comes in, as simulation,
modeling, VR, and other ICT technologies can be
used to simulate the entire new manufacturing
process. This will reduce the cost of new product
development and design, and support more
accurate adjustment cost projections and capacity
projections.

Flexibility of process: In flexible manufacturing,
companies can design products based on the
personalized needs of customers, or invite
customers to directly participate in product design
(e.g., using modular systems to enable customers
to define what a product will ultimately look like).
Both models require an intelligent scheduling
system. Such a system will make automatic
adjustments and provide an optimal production
plan based on known features such as the
factory’s production capacity, order complexity,
and delivery deadlines.

After a company receives an order, the scheduling
system will automatically identify all universal
components, custom components, and procedures
and materials required to manufacture these
components. By coordinating production tasks

and the provisioning of materials and tools, the
scheduling system maximizes the productivity of
all equipment and workers in the factory so that
no component will create a bottleneck in order
delivery.

Flexibility of equipment: As the number of
customizations and small-batch orders increases,
factories must be able to switch between
production processes in real time. Conventional
manufacturing equipment can generally only be
reconfigured by trained engineers using specific
programming devices and languages. This makes
switchover processes time-consuming, and does
not support the kind of rapid responsiveness that
companies need. In the future, ICT technologies
such as visual programming, natural language
interaction, and action capture will help factories
reprogram equipment quickly and easily. This
will help promptly meet companies’ demand for
flexible manufacturing.

Flexibility of logistics: One of the keys to flexible
manufacturing is modularization, through which
a large number of finished components are
manufactured. This requires automated ICT
technology to effectively manage warehousing
and logistics, which prevents omissions and other
errors in the shipment process. Take furniture
producers as an example. With large-scale
customization, every board, decorative strip, and
handle may need its own identification code

or radio frequency identification (RFID) tag to
facilitate automated packing and loading, and
to support traceability throughout the whole
transportation and distribution process.

Traditional manufacturing follows a “product >
place > people” model that forces sales to start
with production. As manufacturing becomes
flexible, we can reverse that model to “people >
place > product” so that production is based on
demand, or even reduce it to a “people > product”
approach. This will create a new, truly “people-
centric” production model.

103



» Direction for exploration: Resilient and intelligent
supply chains that help enterprises respond to crises

Recent years have seen frequent black swan
events, which pose new challenges to traditional
supply chains. Facing constant uncertainty,
companies want to consolidate their supply
systems to enhance their resilience and ensure
business continuity. A global supply chain survey
conducted by Allianz Research found that 94%

of companies reported disruptions to their
supply chains because of COVID-19, and 62% of
companies said they were considering looking
for new suppliers in the long term ®. More and
more companies regard building a resilient and
intelligent supply chain as one of their most
important strategic priorities.

Snapshot from the future: Supply chain visualization powered by

digital technologies

Supply chain visualization is about using ICT
technology to collect, transmit, store, and
analyze upstream and downstream orders,
logistics, inventories, and other relevant supply-
chain information, and graphically display such
information. Such visualization can effectively
improve the transparency and controllability of
the whole supply chain and thus greatly reduce
supply chain risks.

Supply chain visualization supports the tracking
of materials and equipment in upstream activities.

Logistics information is displayed in real time,

including information on packing, goods logged
in, goods logged out, and quality inspections;
goods can even be traced throughout the
production process.

With supply chain visualization, the operation
data of various transportation vehicles in the
logistics system is also available, and the status
of these vehicles can be displayed in real time.
Global Positioning System (GPS), Al, 5G-A, loT,
and other technologies are used to monitor
the transportation process and the status of
goods while in transit. There is also a visualized

104



scheduling center that enables the consolidation
or splitting of orders at any time, and the
optimization of transportation resources and
routes. This enables companies to detect and
rapidly respond to any logistics emergency by
promptly adjusting logistics routes to ensure the
timely and safe delivery of goods.

A remote monitoring system monitors the
environment in warehouses in real time. This
system uses various sensors to graphically display

operations and maintenance (O&M) information
such as temperature, humidity, dust, and smoke.
This allows the timely detection of any signs of fire
or water leakage, enabling prompt intervention
and preventing material losses. Goods can also

be tracked in real time as they are logged into
and out of warehouses. As goods are moved,

loT, RFID, and QR code technologies are used to
automatically identify and register goods, and the
warehousing status data of goods can be accessed
remotely in real time.

‘shot from the future: From supply chain to supply network

In the traditional supply chain model, each link in
the chain depends on the previous link delivering
as expected. Each link could be a bottleneck that
prevents the normal flow of goods down the
chain. For example, if the supply of an upstream
raw material provider is disrupted, downstream
manufacturers will definitely be affected, resulting
in inefficient operations or even a standstill for
the entire supply chain °.

With the adoption of ICT technologies such as

cloud computing, 10T, big data, and Al, the supply
chain will transform into a supply network. In this
network, the upstream materials required by every
link have multiple alternative sources, and they can
be sourced through multiple routes. A multi-contact
collaborative supply ecosystem will be created by
enhancing the internal and external interconnectivity
of enterprises. The failure of any single link will not

paralyze the entire supply network.
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Conclusion:

"y,
A‘.; K New productive forces will reshape

3 production models and enhance resilience
K\

By 2030, digital technologies will be transforming companies. Technologies such as Al, sensors, IoT, cloud
computing, 5G-A, and AR/VR are poised to create new productive forces. They will help make up for
labor shortages, so that companies can seize new business opportunities and expand their possibilities.

Huawei predicts that by 2030, every 10,000 workers in manufacturing companies will work with 1,000
robots, and the number of VR and AR users will reach 1 billion. Furthermore, one million companies are
expected to build their own 5G-A private networks (including virtual private networks). In addition, cloud
services are forecast to account for 87% of enterprises’ application expenditures, while Al computing will
account for 7% of a company’s total IT investment.

In the future, product design, process design, equipment functions, logistics, and distribution will all be
reshaped to become more flexible and serve new people-centric production models. As 3D printing
advances and becomes more widely adopted in commercial settings, mold manufacturing, production
line adjustment, and many other activities can be eliminated. This will give consumers much more say

in the design and production process, and personalized production models will be created. Powered by
digitalization, supply chains will be visualized and expand into supply networks. Production sites will be
upgraded to serve as the foundation of new industrialization and come fully equipped with new industrial
production networks and other advanced technologies. The manufacturing industry will enter the new
production era, enabling companies to develop the resilience they need in the face of volatile markets.
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Climate change is becoming an increasingly
pressing concern each and every day. According
to the State of the Global Climate 2023, released
by the World Meteorological Organization in
March 2024, records were once again broken
regarding several climate change indicators, such
as global greenhouse gas concentrations, surface
temperatures, ocean heat and acidification,

sea level increases, and the retreat of Antarctic
sea ice coverage and glaciers. The global mean
near-surface temperature in 2023 was 1.45°C
(£0.12°C) above pre-industrial levels, and the
past 10 years have been the warmest decade

on record. Furthermore, the global mean sea
surface temperature has reached a record high
since April 2023, and Antarctic sea ice coverage
fell to a record low. At the end of winter in

2023, the maximum sea ice coverage was 1
million square kilometers less than the previous
lowest coverage recorded. Concentrations of
three major greenhouse gases, namely, carbon
dioxide (CO,), methane, and nitrous oxide,
continued to rise at record levels in 2022, with
CO, concentrations 50% higher than the pre-
industrial levels '. Climate change is also closely

linked to economic development. The International
Monetary Fund found that for a medium- or
low-income developing country with an annual
average temperature of 25°C, each 1°C increase

in temperature leads to a decrease in economic
growth of 1.2% °.

Climate change is a global challenge that many
countries have come together to tackle. At the
COP 21 UN Climate Conference in 2015, parties
to the Paris Agreement agreed to intensify efforts
to limit global warming to below 2°C, preferably
1.5°C, compared to pre-industrial levels, and

set the goal of reaching net zero CO, emissions
globally by around 2050. In other words, by the
middle of this century, the CO2 emitted by human
activities needs to be matched by the amount of
CO, deliberately taken out of the atmosphere. At
the UN General Assembly in September 2020,
China pledged to peak its carbon emissions by
2030 and achieve carbon neutrality by 2060.
According to the UN Environment Programme
(UNEP), annual emissions need to be 15

gigatons of CO,-equivalent (GtCO2e) lower than
current unconditional Nationally Determined
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Contributions (NDCs) by 2030 in order to even
hit the 2°C goal. Limiting the rise in global
temperatures to below 1.5°C would thus require
an even greater decrease in global emissions by
2030 °. According to the Global Stocktake Report
released at the COP 28 UN Climate Change
Conference, global greenhouse gas emissions
must be cut by 43% by 2030, compared to 2019
levels, to limit global warming to below 1.5°C.
The stocktake calls on all parties to take actions
toward achieving, on a global scale, a tripling of
renewable energy capacity and doubling energy
efficiency improvements by 2030 “.

Concerted efforts are needed to combat climate
change and drive the transformation of the global
energy mix in three key areas: energy supply,
consumption, and carbon fixation. On the supply
side, renewable energy should be used wherever
possible as a cleaner alternative to fossil fuels,
such as in electricity generation and hydrogen
production. This means a shift in the energy
production model. The International Energy
Agency (IEA) predicts that the renewable energy
share in electricity generation, which currently
stands at 30%, will increase to 68% by 2030 °.

On the consumption side, fossil fuels will need to
give way to electricity in the transport, industrial,
agricultural, and construction sectors, changing
the way energy is used. The IEA predicts that the
share of electricity in final energy consumption
will increase from the current 22% to 29% by
2030 °. Carbon fixation is another option if some
carbon emissions prove unavoidable. In such
cases, technologies like soil carbon sequestration
and carbon capture and storage can be utilized,
alongside ecological improvement efforts, to
remove carbon from the atmosphere.

As the share of renewables in energy networks
continues to increase, challenging the conventional
architecture of the energy industry and energy
supply chains, a paradigm shift is occurring. With
the increasing complexity of energy networks
and increasing digitalization of the energy sector,
digital and power electronics technologies have
become an important part of decarbonization
solutions. Today, the key questions for global
warming are: How can we further increase the
share of renewables in the energy mix? How can
we adapt to the new energy mix? How can we
fully harness the power of technologies?

Direction of exploration: Solar PV and energy
storage industries are developing at an
accelerated pace, expanding from a few countries

to the whole world

The International Renewable Energy Agency
(IRENA) announced that the globally installed
capacity of renewables increased by 473 gigawatts
(GW) or 14% in 2023, compared to 2022. Of this,
347 GW came from solar power, representing

an increase of 33%, and 114 GW from wind,

an increase of 13% ’. By 2050, renewables

will account for over 90% of the world’s total
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electricity generation °. In 2020, the Chinese
government declared its goal to raise the total
installed capacity of solar and wind power to
above 1.2 billion kW by 2030 °, and this was
achieved in 2024, ahead of schedule. According to
the goals of the German federal government, the
share of renewables in the country’s electricity mix
will exceed 80% by 2030 ™.



Among renewables, the overall electricity

generation cost of solar PV and energy storage
is decreasing. Distributed solar PV and energy
storage have achieved grid parity in 50% of
countries around the world, and the internal
rate of return (IRR) in 30% of countries has

exceeded 10%. In 2015, only seven countries or
regions achieved an annual installed PV capacity
of over 1 GW. This number rose to 11 by 2018,
and is expected to reach 38 by 2024 . In the
future, solar PV and energy storage will see rapid
deployment across the globe.

Snapshot from the future: Safety, stability, and reliability are critical
to utility-scale renewable power plants that feature a synergy of
wind, solar, hydro, thermal power, storage, and hydrogen

Utility-scale power plants achieve economies

of scale, reduce unit energy costs, and improve
energy utilization through centralized management
and optimized energy configuration. Such power
plants are typically constructed in areas that

are rich in water, sunlight, and land resources.
These plants are equipped with efficient energy
transmission networks to transmit clean energy

to other regions over long distances, meeting
extensive energy demands. Advanced technologies
are usually applied and promoted in utility-scale
power plants, driving the technological progress
and upgrade of energy-related industries.

China is currently following its plan to build

nine utility-scale renewable power plants in a
number of regions, including Xinjiang, the upper
reaches of the Yellow River, and the integrated
renewable power plants of hydro, wind, and solar
in Sichuan, Yunnan, Guizhou, and Guangxi, from
2021 to 2025. The total capacity of renewables in
Southwest and West China will ultimately exceed
600 GW . One renewable power plant located
in Morocco, North Africa, consists of a 10.5 GW
wind and PV power system and a 5 GW/20 GWh
energy storage system (ESS). This plant transmits
electricity to the UK through submarine cables
over a distance 3,800 km, meeting 7.5% of the
UK’s electricity demands *.
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Utility-scale renewable power plants that feature

a synergy of wind, solar, hydro, thermal power,
storage, and hydrogen are attracting increasing
attention. The plants preferably harness clean
energy sources like wind and solar, leverage the
adjustment performance of hydro and coal-

fired power, and collaborate with energy storage
facilities and hydrogen energy systems. This allows
multiple types of energy resources to be developed
in a coordinated manner and scientifically
configured. In March 2022, China released the
14th Five-Year Plan: Modern Energy System
Planning (2021-2025). The document proposed

to promote the construction of renewable power
plants, scientifically optimize the energy mix, and
preferentially use existing conventional power
supplies to implement mutual complementation
of energy sources including wind, solar, hydro,

thermal power, and storage. The Hydro-Solar
Hybrid Power Plant at Lianghekou Dam on the
Yalong River in Sichuan Province, China has the
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world’s largest installed capacity and is located

at the highest altitude (4,000-4,600 m) among
all projects of its kind anywhere in the world. The
plant has increased its development scale to GW-
level for the first time, generating 2 billion kWh of
electricity and reducing carbon emissions by 1.6
million tons each year. ™

Utility-scale renewable power plants face
numerous safety challenges. High proportions of
renewables and power electronic equipment make
it challenging to transmit, integrate, and consume
renewables that are variable, intermittent, and
fluctuating. Large land footprints and remote
locations further increase the challenges related
to plant operations & maintenance (O&M),
equipment reliability, and PV+ESS safety. Effective
solutions should be developed to address these
challenges and ensure that renewables can

be produced and utilized in a safe, stable, and
reliable manner.




Snapshot from the future: Comprehensive development of solar PV
and energy storage in utility-scale, commercial & industrial (C&l), and
residential scenarios

At the early stages of PV development, subsidies
were provided to promote PV construction

around the world due to the high levelized cost of
electricity (LCOE) of PV. For example, the National
Development and Reform Commission of China
released the Notice on Using Price Leverage to
Promote the Healthy Development of the PV
Industry in 2013. According to the document, feed-
in tariff or subsidy standards shall be implemented
once PV power generation projects are initiated.

In policy-driven market development, most PV
projects were utility-scale plants, accounting for
more than 60% of total installed PV capacity.

The LCOE of PV power has been reduced by more
than 90% thanks to technological advances,

and PV power has achieved grid parity in most
regions. The return on investment (ROI) in C&l
and residential PV scenarios has also been rapidly
increasing. PV business is booming in China,
Europe, and Japan, but the utility-scale PV plant
market remains the most important, with the

related installed capacity accounting for about
50% of the total. The industry has been jointly
driven by both policies and markets.

As PV and energy storage costs continue to
decrease, all-scenario commercialization and
co-development are becoming the mainstream
business model. The installed capacity of utility-
scale plants now accounts for about 40% of
the total, and new scenarios like clean energy
bases and city-level microgrids are emerging.
The growth of C&I businesses is accelerating in
all walks of life, and C&I plants are now being
applied to new scenarios like mines and islands.
Furthermore, residential businesses are expanding
from the US and Europe to emerging markets
such as Asia Pacific, Latin America, and Africa.
According to BloombergNEF, the compound
annual growth rates (CAGRs) of the installed
capacity in utility-scale, C&l, and residential
scenarios reached 6.2%, 18.8%, and 12%

respectively within five years from 2015 .
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> Direction for exploration: Renewable electricity
generation: Floating power plants

The rapid development of onshore wind and solar
projects is forcing us to confront problems such
as land shortages, distances from electrical load
centers, reduced efficiency of solar photovoltaic
(PV) systems under high temperatures, and

biodiversity loss. A new trend for the future,
particularly apparent in island nations, is building
wind and solar power installations offshore to take
advantage of the excellent geographical features
and abundant space of near-shore locations.

Snapshot from the future: Offshore wind, a promising energy source

for the future

Some countries are actively using offshore power
generation. In 2023, the global installed offshore
wind capacity increased by 10.8 GW, an increase
of 24% over the previous year. China took the lead
with a growth of 6.3 GW, followed by Europe with
a growth of 3.8 GW. In spite of the large number,
offshore wind energy feeds just 0.3% of electricity
consumption globally, meaning great potential

to be unleashed for development '®. Thanks to a
large number of technological innovations that
have reduced the installation and operating costs
of offshore wind farms, offshore wind is expected
to see rapid growth.

Offshore locations offer higher wind intensity and
offshore wind turbines are productive for a greater
proportion of time. Furthermore, thanks to new
technologies, offshore wind turbines can be larger
than their onshore counterparts, and consequently
have a higher capacity factor.

P=1/2 pAV°’ Cp

The equation above is used to calculate the power
output of a wind turbine. The generated power,

P, is proportional to both the cube of the wind
speed, V, and to the swept area of the turbine, A.
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Offshore wind is better than onshore wind, because
when wind flows over rough ground surfaces

or obstacles, it changes speed and direction.

Sea surfaces are less rough and there are fewer
obstacles. On average, the wind 10 km offshore

is 25% faster than wind at the shoreline . In
addition, offshore wind is less turbulent and wind
direction is more consistent. As a result, turbines
suffer less fatigue, and the service life of offshore
wind power equipment is longer. The swept area
of a wind turbine depends on the diameter of

the rotor. In 2021, offshore wind turbines with a
rotor diameter of 164 meters and a capacity of

10 megawatts (MW) became available. By 2030,
an offshore wind turbine is expected to have an
average rotor diameter of 230-250 meters and a
capacity of 15-20 MW, which is three to four times
the capacity of an onshore wind turbine. There
are fewer periods of calm sea, so offshore wind
turbines can generate power for 3,000 hours a
year, compared to 2,000 hours a year for onshore
counterparts '°. This makes for more efficient use
of generator capacity. Furthermore, with advances
in technology, the capacity factor of offshore
wind power can be 40-50%, higher than that of
onshore wind and twice that of PV systems. In
many areas, the capacity factor of offshore wind
is close to that of natural gas and coal °, meaning



offshore wind energy generation has the potential
to become a baseload technology.

Currently, offshore wind turbines are mainly
deployed in shallow water areas less than 40
meters deep, within 80 kilometers of coastlines,
and are fixed by single-standing piles. However,
new floating turbine technologies offer an
alternative with simpler installation and lower
costs. Floating turbines can be installed in water
up to 60 meters deep and are supported by

the new high-voltage direct current (HVDC)
technology that offers a more cost-effective
solution for transmission at a distance of 80-150
kilometers from coasts. These innovations have

greatly expanded the potential of offshore wind .

Diverse innovations have led to significant
reductions in the costs of offshore wind
installations. This means we are about to
experience a boom in offshore wind power. The
IEA forecasts that the cost of offshore power
generation in 2040 will be 60% lower than that in
2019 . The Global Wind Energy Council (GWEC)
forecasts that the global offshore wind capacity
will increase from 75 GW in 2023 to 275 GW by
2030. The offshore wind capacity is also expected
to grow by 25% per year over the next five years *.
The IEA forecasts that offshore wind will become
Europe’s largest source of electricity by 2040 *.

Snapshot from the future: Floating power plants,

a new deployment model

According to the International Renewable Energy
Agency (IRNEA), the total globally installed
capacity of solar PV at the end of 2023 was 1,411
GW *. Onshore PV power plants are the most
common form of PV installation, but there are
numerous problems associated with onshore
solar plants: land acquisition, high costs, and low
efficiency under high temperatures. As a result,
floating PV (FPV) is a new direction for solar PV.

FPV plants can be installed in near-shore marine
areas, ponds, small- and medium-sized lakes,
reservoirs, river basins, or flooded mining pits.
There are three types of FPV installations: thin
film, submerged, and floating arrays. Thin-film
modules are lightweight and do not require the
support of a rigid pontoon structure. Submerged
PV installations can be supported with or without
a pontoon structure, while floating arrays must be
supported by rigid pontoons.

Compared with land-based PV (LBPV) systems,
installation of FPV systems on water saves land

for agricultural use. The lack of obstacles on the
surface of the water means less shading loss

and less dust. In addition, the natural cooling
potential of the body of water may enhance

PV performance, thanks to higher wind speeds
offshore, along with the presence of water. In 2020,
a research team from Utrecht University in the
Netherlands simulated an FPV system on the North
Sea. They found that the apparent temperature of
PV modules at sea was much lower than that on
land, due to higher relative humidity and higher
wind speeds. The average ambient temperature
difference between the two locations was 5.05°C,
but the apparent temperature difference of PV
modules was nearly doubled—9.36°C. This study
also found that an FPV system could output about
12.96% more energy on average, on an annual
basis, than an LBPV system *°.
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As technologies mature, a rapid growth is
anticipated in FPV. On July 14, 2021, Singapore’s
Sembcorp Industries unveiled a floating solar plant
deployed on the Tengeh Reservoir. With 122,000
solar panels spanning 45 hectares (equivalent to
about 45 football fields), the 60 MW solar farm

is one of the world’s largest inland floating PV

systems *°. According to Rethink Energy, the global
FPV market capacity will exceed 60 GW by 2030
and the estimated potential global capacity is

400 GW ** . The floating solar market is set to
accelerate as technologies mature, presenting new
opportunities to scale up global renewables.

> Direction for exploration: The future energy
world will be centered on electricity, and green
hydrogen will become a big player

Replacing fossil fuels with electric energy is

crucial in reducing carbon emissions. As the

costs of renewables such as wind and solar

power decrease, the global electrification process
continues to accelerate. Technological progress has
also been made in terms of hydrogen production,
storage, transport, and use. With emerging
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applications in sectors like the chemical industry,
transportation, and power generation, green
hydrogen will become an important supplement to
electric energy. According to IRENA, the proportion
of green hydrogen for direct consumption will
reach 3% by 2030, and that of traditional fossil
fuels will decrease from 63% in 2020 to 47% *°.



Snapshot from the future: Accelerated adoption of electricity
in sectors such as industry and transportation

Sectors like industry and transportation are

the main sources of carbon emissions through
energy consumption. According to IEA, the
electric power sector accounts for about 40%, the
industrial sector accounts for about 24%, and the
transportation industry accounts for about 21% *°.
In the industrial sector, CO, emissions mainly
come from traditional manufacturing industries
such as ferrous metals, non-metallic minerals,
petrochemicals, and non-ferrous metals. To reduce
emissions, priority should be given to green
transformation in traditional sectors by promoting
green electricity and electric manufacturing. For
example, the iron and steel industry can adopt
electric arc furnaces to reduce the use of fossil
fuels, while the non-ferrous metal sector can apply
green electricity to reduce emissions. The building
material and cement sector can also increase
electrification through raw material substitution
and waste heat recovery for electricity generation.
Furthermore, the heating sector can use heat
pumps instead of natural gas or fuel-fired boilers
to heat buildings.

Vehicle-based road traffic accounts for nearly
74.5% of the total carbon emissions in the

transportation sector *'. The number of new
energy vehicles (NEVs) on roads has grown faster
than expected in recent years. In China alone,

this number exceeded 18 million by the end of
2023, and is expected to reach 180 million by
2034, representing a 10-fold increase over the
next 10 years. By the end of 2023, the number

of commercial NEVs on the road in China had
reached 2.44 million and is expected to surpass 22
million, a 9-fold increase, over the next 10 years.
In a word, mobility electrification has become an
irreversible trend **. Railway transportation will
also be further electrified to optimize overland
transport. Currently, maritime transport is partially
electrified, and the electrification level of ports and
terminals is constantly being improved. Thanks to
short transportation distances, inland waterway
transport is set to adopt more electrification

and fuel cell technologies. We should therefore
focus on optimizing the transportation structure,
developing green mobility, and constructing

more renewable energy infrastructure to build

an intelligent and electric transportation system
while applying technologies such as smart grids,

5G, and Al. This will reduce carbon emissions and
contribute to green and low-carbon cities.
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Snapshot from the future: Promoting an energy balance across time
and distance through diverse energy storage technologies

With more electricity being generated from
renewables, power systems are experiencing
ever-increasing challenges in terms of safety

and stability because solar and wind energy
sources fluctuate and are intermittent, especially
in extreme weather. By combining energy
storage technologies with grid forming and grid
following technologies, ESSs can be integrated
with power systems based on renewables like
solar and wind to effectively improve the quality
and controllability of renewable energy output.
This improves renewable integration and reduces
carbon emissions. Moreover, ESSs can offer diverse
ancillary services, such as frequency and phase
regulation, reserve, and black start, improving the
stability and flexibility of power grids.

Global electricity demand continues to grow,
with peak load becoming increasingly prominent
and extensive. Peak load is characterized by a
short duration, low frequency, and small amount
of electricity. This makes it costly and inefficient
to balance the electricity demand by simply
increasing power grid investment. However, ESSs
can store electric energy during off-peak hours
and discharge that energy during peak hours for
peak shaving and load balancing, thus improving
the operating efficiency and reliability of power
grids while cutting power system investment. In
scenarios with various energy demands, such as
industrial parks and urban public buildings, ESSs
can work alongside distributed renewable power
systems through flexible deployment and efficient
management, thus achieving friendly interactions
and efficient operations regarding generation-
grid-load-storage.

As a key measure for improving the regulation
capacity of power systems, pumped storage is
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expected to remain the main force of adjustable
resources in power systems until 2030. By the
end of 2023, the globally installed capacity of
pumped storage had reached 194 million kW,
and that of new-type energy storage reached
91.3 million kW *. As planned by China'’s
National Energy Administration, the installed
capacity of pumped storage in China will exceed
120 million kW by 2030 **.

Multiple new energy storage technologies will
coexist, such as compressed-air energy storage,
electrochemical energy storage, and thermal
(cold) energy storage. Based on business models
such as system-friendly “renewables + energy
storage” power plants, energy storage for utility-
scale renewable energy plants, standalone energy
storage for power grids, shared energy storage,
and user-side energy storage, diverse installations
will be deployed on the generation, grid, and load
sides to meet system regulation requirements.

Electrochemical energy storage products, such

as lithium-ion and sodium-ion batteries, are
widely used across energy storage scenarios on
the generation, grid, and user sides thanks to
advantages such as high energy density, long cycle
life, high efficiency, and quick response. Among
them, sodium-ion batteries are applauded for high
safety and large material reserves. Flow batteries
apply to scenarios that require long-duration
discharge, including large-scale energy storage
and long-duration energy storage. Compressed-
air energy storage applies to large-scale energy
storage scenarios, such as energy transfer and
peak shaving. Flywheel energy storage can respond
rapidly and thus is mainly used in scenarios like
power grid frequency regulation, short-duration
power support, and power quality improvement.



Supercapacitor energy storage applies to scenarios

involving short-duration and high-power load
smoothing and peak power management, such as
startup support and dynamic voltage recovery of
high-power DC motors. Thermal energy storage
technologies, which include sensible heat storage,

Snapshot from the future:

S’/ ENERGY

phase-change heat storage, and thermochemical
heat storage, can be widely used in fields such as
photothermal power generation, clean energy-
based heating, and thermal power flexibility
enhancement.

Green hydrogen will see more extensive application

New technologies and business models, such

as green transportation, hydrogen metallurgy,
hydrogen production from renewables, ammonia/
methanol synthesis by green hydrogen, and
hydrogen-based power generation, will all be
widely promoted. Electricity plays a pivotal role
in energy systems. It interacts with secondary
energy sources like hydrogen through electricity-
to-hydrogen conversion and electric fuel
production, helping build a multi-energy
complementary system that interconnects
multiple energy sources with electric energy.

In fields such as metallurgy, chemical industry,

transportation, and power generation, hydrogen,
as a reacting substance or raw material, has
become essential to clean electricity. Together
with electric energy, hydrogen is used to build
an energy consumption system that focuses on
electricity-hydrogen collaboration, helping the
global community move closer to net zero.

Countries worldwide consider hydrogen to be an
integral part of the green energy transition for
sustainable development. They have intensified
efforts to deploy hydrogen production equipment,
hydrogen fueling facilities, hydrogen storage and
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transportation systems, and hydrogen fueling
networks, develop key technologies, and cultivate
hydrogen professionals. China plans to build a
comprehensive hydrogen technology innovation
system and renewables-based hydrogen
production and supply system by 2030. These
systems will help establish a well-managed
industry landscape and expand the application
of renewables-based hydrogen production to
hit carbon emission peak earlier than initially
planned. By 2035, a hydrogen industry system
will be established to shape a diversified
hydrogen application ecosystem covering fields
like transportation, energy storage, and industry.
The share of renewable hydrogen in final energy
consumption will increase significantly, boosting
the green energy transition. It is estimated that

by 2030, the installed capacity of electrolyzers
in China will exceed 100 GW, and the annual
production of green hydrogen will exceed 7.7
million tons *. In September 2022, the U.S.

Department of Energy released the U.S. National
Clean Hydrogen Strategy and Roadmap, proposing
that clean hydrogen will contribute to about 10%
of carbon emissions reduction by 2050, and that
U.S. demand for clean hydrogen will reach 10,

20, and 50 million tons per year by 2030, 2040,
and 2050 respectively *°. In 2022, Europe released
the REPowerEU Plan, which proposed multiple
strategies for promoting hydrogen energy
development. By 2030, Europe will both produce
and import 10 million tons of green hydrogen to
ensure hydrogen energy supply. The European
Hydrogen Energy Bank has also been established,
which will invest 3 billion euros to develop the
hydrogen energy industry *’. According to the
Global Hydrogen Review 2023 by the International
Energy Agency (IEA), the global installed capacity
of green hydrogen will reach 51 million tons by
2030 and that of electrolyzers will reach 500-600
GW *.




> Direction for exploration: Digital and intelligent
generation-grid-load-storage-consumption
through the Energy Internet

As generation-grid-load-storage synergy

accelerates and deepens, the boundaries of the
traditional value chain will be broken and power
systems will no longer adjust electricity generation
simply based on plans and loads. In addition,
electricity supply and demand will become more
flexible and random. Therefore, to drive the digital
and intelligent transformation of electricity, next-
generation technologies for enabling digital
transformation will be vigorously developed and
extensively applied in numerous areas including
digital edge (edge-device collection and control),
ubiguitous communication networks (terrestrial
communication and satellite communication),
compute and storage (cloud platform, cloud-
edge-device collaboration, spatial computing,

and blockchain), and algorithms and applications
(such as artificial intelligence, graph computing,
and advanced analytics). The physical world

and digital space will be fully connected, device
information and production processes in power

systems will be converted into digital expressions,
and digital mirrors of power systems will be built
within the virtual space. In addition, alongside the
advancement of digital capabilities such as digital
surveillance, intelligent analytics, and digital and
intelligent autonomy, the physical world and digital
space will evolve from virtual-physical mapping to
in-depth synergy, creating digital twins of entire
power systems.

The digital twins of power systems can take three
forms:

1) Digital surveillance: The purpose of this is to
comprehensively and accurately reflect the running
process and status of power equipment assets in
the digital space in real time through ubiquitous
sensing, high-speed communication, and

platform storage. Then, equipment assets can be
dynamically monitored and diagnosed throughout
their lifecycle based on multi-dimensional data.
This allows “bits to be used to sense watts” in
various electricity scenarios. Sensing networks and
mechanism models can also be built to facilitate
the efficient digital monitoring of power systems.
In addition, data interworking and ubiquitous loT
require data encryption technologies to ensure
information security.

2) Intelligent analytics: The purpose is to analyze,
predict, and simulate future operation changes
regarding generator sets, power transmission and
distribution networks, and power loads based on
the determined operation modes, mechanisms,
and rules, thus providing decision-making support
for operation optimization and system control
based on the existing system. This allows “bits to
be used to manage watts” in various electricity
scenarios. Compute and algorithms are core
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technologies for improving the accuracy of
intelligent analytics in power systems. By building
complex data models that cover multiple domains
and disciplines and simulating the digital space,
optimization and decision-making can be enabled
for physical entities through an effective closed-
loop process.

3) Digital and intelligent autonomy: Massive
data across systems and modules, adaptive and
self-evolving complex algorithm models, and
intelligent achievements shared by the digital
space can be leveraged to proactively identify

bottlenecks in the current operation mode of the
physical world. Then decision-making instructions
or predictive reconstruction solutions can be
proposed to promote in-depth interactions
between the physical world and the digital

space through decision-making autonomy and
achievement feedback through the digital space.
This allows “bits to add more value for watts.” As
a large amount of cross-system data needs to be
exchanged and shared, advanced technologies
like blockchain and privacy computing, in addition
to Al technologies such as advanced analytics,
are key.

Snapshot from the future: Virtual power plants, a paradigm shift for

the power value chain

The emergence of virtual power plants (VPPs)

is redrawing the boundaries between power
producers and power consumers, and they are
poised to reshape the power generation value
chain. IRENA defines a VPP as “a system that relies
on software and a smart grid to remotely and
automatically dispatch and optimize distributed
energy resources. By orchestrating distributed
generation, solar PV, storage systems, controllable
and flexible loads, and other distributed energy
resources, VPPs can provide fast-ramping ancillary
services, replacing fossil fuel-based reserves.

VPPs aggregate distributed heterogeneous
energy sources. Distributed energy sources
include innovative renewable energy generation
systems, such as rooftop PV plants and small-
scale wind power plants. They also include
industrial and household energy systems, such as
heating, ventilation and air conditioning (HVAC)
systems, electric heating pumps, and battery-
based hydrogen production systems. To offset the
variability of renewable energy generation, VPPs
may also be connected to conventional energy

sources like small gas-fired power plants, small
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hydropower plants, and diesel generators. As
electric vehicles and household energy storage
continue to develop, they will be incorporated into
the heterogeneous energy equipment connected
to VPPs.

VPPs do not change physical network structures.
Instead, they aggregate scattered and independent
power supply devices, energy storage devices,

and controllable loads through the use of a
software platform. In addition, through flexible
dispatching management and efficient interactions
with the power grid, VPPs supply power to the
power system and receive surplus power from

the system to keep power balanced over time

and across regions, thus improving the security
and renewable integration of the power grid. In
addition, Al and big data technologies contribute
to optimal dispatching. Intelligent dispatching
decision-making is one of the key capabilities of
VPPs. Reasonable and effective dispatching plans
are made for aggregated power supplies and
energy storage devices to ensure the balanced
operation of the power grid, improve energy
utilization, and boost the economic benefits and
participation enthusiasm of each aggregator.

VPPs make dispatching decisions based on two
aspects: (1) Supply: VPPs can participate in

power trading in two ways. First, VPPs determine
the adjustable amount of power that directly
participates in spot trading based on the power
generation capability of adjustable power supplies.
Second, VPPs participate in electricity ancillary
services such as peak shaving and frequency
regulation based on the demand-side response
requirements of the power grid to suppress power
grid fluctuations and ensure power grid balance.
With this method, accurately judging changes

in the output of adjustable power supplies or

the demand of controllable loads is essential to
dispatching decision-making. Al technologies

can also significantly improve the accuracy of
prediction models. By establishing the impact

relationship between climate, power generation
performance, and energy consumption demands
through sparse modeling, ensemble learning, or
other machine learning methods, VPP operators
can accurately predict supply and demand curves
based on future weather changes.

In addition, as multi-source distribution networks
are complex, the operating status of distributed
power supplies or energy storage devices may

be changed and adjusted at any time. Therefore,
VPP operators must also monitor the status of
the aggregated adjustable power supplies in real
time. When the device status or output changes,
the prediction model parameters can be updated
and adjusted in a timely manner, and the output
policy can be dynamically optimized based on
the real-time prediction result in order to realize
flexible dispatching. (2) Pricing: The output curves
of various types of power supplies aggregated in
VPPs differ due to their varying characteristics.
Based on the output prediction of the adjustable
power supplies and the price prediction of the
power market, VPP operators can implement
differentiated dispatching for different generators
through data modeling to improve the economic
benefits for both aggregators and operators.

Commercially, VPPs will leverage economies

of scale to realize the commercial model that
distributed energy producers cannot achieve
alone. In order to participate in the future energy
market and generate profits, distributed energy
producers should be capable of sensing market
prices in real time. Furthermore, distributed
renewable energy devices will need to respond

to market changes and power grid fluctuations

in real time. This will require ICT infrastructure
such as interconnected networks and edge
gateways or edge computing. Producers will incur
the kinds of transaction costs that come with
being part of the market, such as insurance and
compliance costs. These additional costs represent
a barrier to market entry for distributed energy
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producers, but by aggregating the large number
of distributed energy sources, VPPs reduce costs
and generate profits through economies of scale.
VPPs may operate in either grid-oriented or user-
oriented models. In the grid-oriented business
scenario, VPPs provide services for power grid
operators, aggregating power from distributed
heterogeneous resources. Typical services include
providing frequency responses for power grids
through aggregated power generation systems,
energy storage equipment, and thermal storage
facilities. In this case, VPPs treat aggregated
distributed resources as a whole and are rewarded
for enabling demand-side flexibility in the power
grid. In the user-oriented business scenario, VPPs
track energy market prices and provide users with
paid services such as peak shaving, reducing their
users’ power bills. In short, VPPs provide flexibility
to power grids by aggregating distributed energy
assets, automatically and remotely scheduling
and managing distributed energy resources, and
tracking energy markets in real time. VPPs enable
small producers of distributed energy to save
costs through less power consumption and profit
by delivering generated electricity to the grid. At
the same time, they provide greater flexibility to
innovative power systems based on renewables.

The VPP model requires the collaboration of
different players who bring different skills to

the table. These include software, renewable
energy, fossil fuel, and electric power companies.
In a VPP project in Huangpu District, Shanghai,
adjustable loads in commercial buildings were
aggregated. The project has developed 60,000
kW of adjustable resources, involving numerous
pieces of controllable electrical equipment, such
as chillers, air-cooled heat pumps, electric boilers,
mechanical equipment, lighting facilities, and
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chargers, in a total of 130 buildings. Each building

provides an average response capacity of 100-
500 kW, and 20% of the commercial buildings can
provide automatic demand response in minutes.
In addition, diversified response resources in

two residential areas and three electric vehicle
charging platforms have been connected to the
VPP. Applications have also been developed and
launched for VPP production, operations, and
dispatching of the commercial buildings. The
project functions as a routine resource dispatching
center for responding to electricity demands

in Shanghai. To date, it has participated in
dispatching more than 2,000 times, shaving peak
load up to 50,000 kW each time, which exceeds
10% of the regional capacity of peak flexible load

control **

. Although there are currently a number
of technical and commercial problems standing in
the way of the ultimate success of the VPP model,
VPPs are expected to have a place in the power

systems of the future.



Snapshot from the future:

Energy cloud as the operating system for the energy Internet

Conventional energy networks are typically
built with centralized architecture. The operator
builds up equipment capacity, operates higher
voltages, and expands the network to profit
from economies of scale. Energy production,
transmission, and consumption are separated,
and there is no way to implement the end-to-
end management and scheduling of electricity
production, transmission, and consumption.
Different energy networks, such as electricity,
gas, heat, and cooling supplies, are separated
from each other, which hinders overall energy
efficiency. With distributed energy being
deployed on a growing scale, energy consumers
that also have production capacity will
simultaneously act as producers and consumers,
or prosumers, blurring the once clear boundary
between energy production and consumption.
Demand-side responsiveness is another area
that is becoming increasingly important. The
interconnection of multiple types of energy can
improve comprehensive energy efficiency and
contribute to the consumption of renewable
energy. There is an urgent need for integrated
platforms that address these issues, and energy
cloud may be a solution.

Energy cloud is a new multidisciplinary concept
which is very much still evolving and crystallizing.
It can be understood as the operating system of
the energy Internet, and is typically characterized
by convergence, openness, and intelligence.
Generation, grids, storage, and consumption of
power all need to be converged in an end-to-
end manner. Generators now include a large
number of distributed new energy sources, such
as solar energy, wind energy, and biomass, as
well as fossil fuel sources like gas. The most
important entity in the grids is the energy

router that can direct energy flows free from

constraints. Consumers include various industrial,
commercial, and household facilities, such as
HVAC systems and electric heating pumps.
Meanwhile, storage entities include various fixed
energy storage devices at the generation, grid,
and consumption sides, as well as mobile energy
storage devices like electric vehicles. The energy
cloud will also break down the boundaries
between electricity, gas, heat, and cooling. By
connecting multiple systems of energy sources,
such as heat, gas, and cooling, the energy cloud
offers a comprehensive converged system that
can optimize total energy use through the
synergy of multiple types of energy.

Supported by the energy cloud, the energy
Internet of the future will be an open system.
Energy cloud users will include individuals (e.g.
electric vehicle owners and residential power
equipment), businesses (e.g. zero-carbon
campuses and VPPs), and governments (e.g.
zero-carbon cities). The number of users will

far exceed that of traditional energy users. In
addition, the energy cloud needs to interconnect
with third-party systems, such as carbon trading
systems. Therefore, the energy cloud should

be an open ecosystem. It will offer developers

a variety of open energy data and programing
interfaces, enabling them to implement apps for
different scenarios. In addition, an energy app
store will be built on the cloud to distribute apps
to users so that developers can commercially
benefit from their work. Open decoupled
programing will enable interconnection with
third-party ecosystems, such as energy and
carbon trading ecosystems, creating the potential
for the emergence of new business models for
the energy industry.
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To enable convergence and openness, the
energy cloud must be an intelligent platform. Al
algorithms will make energy assets smarter. For
example, Al technologies can be used to control
the angle of solar panels to increase energy
yield. But intelligence will also be built into the
fabric of the energy cloud itself. The energy cloud
will build data assets based on massive data

of distributed energy sources and end-to-end
information on energy generation, grids, load,
storage, and consumption. It will have a user-
and developer-oriented data platform based on
data assets and big data modeling capabilities.
Algorithms can be used to forecast distributed
generation of energy and energy demand based
on historical data, to dynamically respond to

demand, and to analyze energy market prices in
real time. With the support of efficient, intelligent
technologies, such as Al and big data, the energy
cloud aims to enable a frictionless flow of energy
from producers to consumers on demand.
Ultimately, this will create a green, low-carbon,
safe, stable, and diverse energy system.

Green and digital technologies both drive
economic transformation. Energy is the
foundation of the digital world, and digital
technologies will help create a smarter energy
industry. Building an energy Internet operating
system and promoting the modernization of the
energy industry through digital technologies will
help reduce emissions across the industry.

Direction for exploration: Efficient power use for
ICT: Saving energy and cutting more emissions

According to the EU’s digital strategy, Shaping
Europe’s Digital Future, digital solutions can
increase energy efficiency and cut the use of fossil
fuels by tracking when and where electric power
is needed most. However, the ICT industry itself
also needs to undergo a green transition. It is
estimated that the ICT industry accounts for 5-9%
of the world's total electricity consumption and
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more than 2% of total emissions *°. Data centers
and telecom networks must improve their energy
efficiency, reuse waste energy, and increase the
share of renewables. The EU requires that all data
centers be climate neutral, energy efficient, and

sustainable by 2030, and that telecom operators
adopt more transparent measures to track their
environmental footprint.




Snapshot from the future:

Low-carbon data centers and communication networks

According to IEA, with the rapid growth of

global Internet users and traffic, the electricity
consumption of data centers and transmission
networks has increased significantly. In 2022, the
global electricity demand from data centers was
about 460 terawatt-hours (TWh), accounting for
2% of global electricity demand. By 2026, the
electricity demand of data centers is expected to
exceed 1,000 TWh, accounting for one third of
the electricity demand increment *'. Furthermore,
data networks consumed about 250 TWh in 2019,
accounting for about 1% of global electricity
consumption, with mobile networks making up
two-thirds of this figure **. Data center electricity
consumption in China alone is expected to exceed
400 billion kWh in 2030, accounting for 3.7%

of the country’s total electricity consumption **.

If data center power usage effectiveness (PUE)
improves by just 0.1, the result will be 25 billion
kWh of power saved and about 10 million fewer
tons of carbon emissions. If all data centers use
green power, carbon emissions will be reduced by
320 million tons each year **. Green power and
PUE optimization are essential for low-carbon
data centers.

Large ICT companies have been the biggest

purchasers of green power, as they strive to

reduce carbon emissions in data centers and
telecom networks. Google, Facebook, Amazon,
and Microsoft were the world’s top four

buyers of green power in 2019. According to
BloombergNEF **, global green power buying
reached a record high in 2023. In the first

two months of 2024, Google and Microsoft
announced the signing of 609 MW and 295

MW renewable power purchase agreements
(PPAs), respectively. In May 2024, Microsoft and
Brookfield Corporation announced the signing of
the world’s largest ever corporate clean energy
procurement agreement and that they would
invest more than US$10 billion into developing
renewable power generation capabilities, looking
to meet the growing requirements of Al and
data centers. Google has announced plans for
“24/7 zero-carbon” global operations by 2030.

If successful, this means that the company will
achieve zero carbon on an hourly statistics basis
instead of a yearly basis “°. Facebook plans to
achieve net zero emissions across the supply chain
by 2030 ¥. Microsoft declared that it will achieve
negative carbon emissions by 2030 and offset all
historical carbon emissions by 2050 *°.

According to Uptime, the average PUE in data
centers around the world in 2022 was 1.55,
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meaning that about 36% of the power drawn

by data centers was used for cooling and other
auxiliary functions *. As an increasing number of
high-temperature-proof servers are put into use,
cooling using natural air instead of traditional
chillers and air conditioners will become possible.
This will reduce the energy consumption of cooling
systems, thereby decreasing PUE. There have been
a number of practices in the industry. One type

of cooling system for a data center is powered
entirely by seawater. Another data center uses
cold outdoor air to ensure its equipment stays at
optimal temperatures. Meanwhile, a submarine
data center keeps its PUE as low as 1.07 *°.

In addition to applying renewable energy and free
cooling, Al is another effective way to make data
centers more efficient and save energy. Sensors
in data centers collect data such as temperature,
power levels, pump speed, power consumption
rate, and settings, all of which are analyzed by

Al. Then, the data center operations and control
thresholds are adjusted accordingly, reducing costs
and increasing efficiency. Al is used in data center
cooling to reduce the energy used for cooling

by 40% °'. China Unicom (Henan) employs
Huawei'’s iCooling@ Al solution, which leverages
big data and Al technologies to automatically
optimize energy efficiency in data centers. This
can improve data center PUE by about 8-15% **.
According to Datacenter Dynamics, the Boden
Type Data Center (BTDC), an experimental data
center built in Sweden with funding from the EU’s
Horizon 2020 programme, has achieved a PUE
level of 1.01 ** by using Al algorithms to achieve
synergy between the cooling system, computing
loads, server fans, and temperatures, in addition
to free cooling. As Al becomes increasingly
widespread, diversified computing is on the rise
and data center power density is growing. Large
data centers require holistic systems. Balancing
power supply, servers, and workloads based on

Al algorithms may be the next technological

step required to reduce data center PUE while
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continuing to support density increase.

In terms of communications networks, the ITU,
GeSl, GSMA, and SBTi published a target-based
roadmap, consistent with the Paris Agreement, to
reduce the greenhouse gas emissions of the ICT
industry by 45% before 2030 **. In addition to using
green power like we do in data centers, we can use
solar-grid hybrid solutions and a simplified network
architecture to build greener communications
networks with lower carbon emissions.

Communications and computing equipment

share the same fundamental technologies. Today,
Moore’s Law is breaking down, and optoelectronic
integration is the next step for the industry’s
structural reform towards higher energy efficiency.
The use of optoelectronic hybrid technologies

in networks, devices, and chips can constantly
improve the energy efficiency of communications
devices. The green communications networks

of the future will be built to support more than
100 times today’s capacity, but their total energy
consumption will be no higher than that of today’s
networks. Conventional communications networks
are defined by their specialist functions, which
makes for fragmented operation and maintenance
(O&M) and means they cannot keep pace with
the latest network automation and intelligence.
Networks need to be reconstructed to deliver
essential services through a simplified architecture
that consists of three layers: basic telecom
network, cloud network, and algorithms. This
simplified network architecture will greatly reduce
the complexity of the algorithms in autonomous
driving networks, lower the demand for computing,
and cut O&M costs, contributing to greener, low-
carbon networks.

Using green power, innovative architecture, Al
algorithms, and other effective approaches, data
centers and communications networks will be
more energy-efficient, and will allow us to finally
achieve net zero emissions.



Conclusion:

Technologies drive the energy revolution
for a better, greener future

The world needs to halve its emissions by 2030. New technologies, such as digital and power electronics
technologies, will accelerate the production of renewables such as wind and solar to increase the share of
electricity in the energy mix. The technologies will also improve the quality of various energy equipment,
ensure the safety and security of power systems and other energy systems, and help various industries
reduce carbon emissions.

Huawei predicts that by 2030, renewables will account for 65% of all electricity generation globally,
about 6,000 GW of PV plants will be in place, the LCOE of PV power will decrease to US$0.01 per kWh of
electricity, and renewables will power 80% of all digital infrastructure.

In 2030, technologies will make green energy smarter, enable a wide variety of industries to further

reduce emissions, and promote an energy revolution. Technologies will support green, low-carbon
transformation and sustainable development for the global economy.
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Digital Trust

Technologies and Rules
Creating a Trusted Digital
Future
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Collaboration drives progress, and the foundation
of collaboration is trust. All interactions in

the business world, including cross-enterprise
cooperation, enterprise operations and
management, and supply chain operations, are
ultimately based on trust. Digital technology is
reshaping these interactions. The exponential
growth of Al and digital twins, as well as the
emergence of digital humans and metaverse, is
increasing interactions between humans, between
humans and machines, and between machines
themselves. Digital trust is therefore becoming

a prerequisite for the connectivity of everything,
which makes it a paramount strategic objective for
organizations. As digital transformation continues
to gather momentum, more and more products
will go digital. Privacy breaches and information
corruption erode trust, which will then jeopardize
business operations, business value (such as brand

and market value), reputation, and credibility.

Al is helping more and more people efficiently
accomplish tasks, and seeing rapid uptake in sectors
like healthcare and autonomous driving. As we get
closer to artificial general intelligence (AGlI), the role
of Al will only grow. The rapid iteration of generative
Al and Al-generated content (AIGC) has created

a vast range of new models and applications

which are generating even more vast amounts of
text, audio, and video data. It is also increasingly
difficult to verify the authenticity of such content. A
responsible Al system needs to not only guarantee
system and model security, but also ensure the data
and content it produces is transparent and traceable.
Such a system must provide mechanisms to verify
the authenticity and origin of AIGC. Only by building
an accountable and evolvable digital system can we
foster enduring digital trust.
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Digital trust is a complex field that covers a range
of areas, including privacy, security, identity,
transparency, traceability, data ownership, data
integrity, governance, and compliance. ' The
realization of digital trust must address all of these

For both organizations and individuals, data assets
are being used to unlock unprecedented efficiency
and convenience. However, this increases the risks
associated with information theft. Data security
and integrity relies on a variety of technologies,
including access controls, risk prediction, digital
ledgers, encryption, and digital authentication.

different dimensions and use a variety of tools, such
as digital identities, digital watermarking, privacy-
enhancing computation (PEC), and Al. Thankfully, the
new technologies and new rules constantly emerging
are helping create this trusted digital future.

Research into ICT technologies for digital trust

will help define data ownership paradigms which
will make data sharing and data transactions
more traceable and verifiable. This will help
organizations and individuals fully realize the value
of their data, effectively manage digital assets, and
better protect core data.

Snapshot from the future: Intelligent agents with digital identities

and trusted identifiers

The explosive development of large language
models (LLMs) has increased Al penetration in

all sectors. Consequentially, various Al-based
intelligent agents are emerging in both the digital
and physical worlds, increasing productivity,
facilitating creativity, and turbocharging economic
development. Digital identities build trust between
people and intelligent agents, allowing them to
engage and collaborate in new ways.

Digital identifiers are essential for interactions
between intelligent agents and between people
and intelligent agents. In the future, intelligent
agents will be popular in all sectors and may even
exceed the number of human beings, without
being subject to the limitations of geographical
location. A decentralized digital identity system
that delivers a wide range of authentication
methods will be the way forward.
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The identifier of an intelligent agent works in the
same way as a person’s name or ID card. People
can only be assured that they are interacting
with the right intelligent agents if they have
access to accurate identifiers. Blockchain or other
distributed storage mechanisms are ideal here, as
they can facilitate public query and registration

of identifiers.




Snapshot from the future: Al security to ensure trustworthiness in the

digital life

Advancements in machine learning and deep
learning have catalyzed the development and
refinement of foundation models, such as
ChatGPT and Sora. The growing volume and
quality of AIGC is also blurring the boundaries
between AIGC and real-world content. Al will
only acquire even more human-like cognitive and
learning capabilities as we approach AGI.

This rapid Al development has been a double-
edged sword. On the positive side, Al is
facilitating better lives and work for many. On the
other hand, Al makes deepfakes much easier to
generate and much more difficult to identify, with
more and more people mistaking fake audio and
video as real. For instance, the Wall Street Journal
has reported on at least one instance of criminals
using Al to mimic the voice of a company’s CEO

over the phone. They used this fake recording to
order an executive of the company’s UK-based
subsidiary to transfer US$243,000 to a Hungarian
supplier. The money was eventually moved from

the supplier’s Hungarian bank account to one
in Mexico. All losses were eventually borne by
insurance companies. *

It is difficult for people to identify deepfake
audio and video, even with the help of traditional
technological protection tools. Guaranteeing
AIGC provenance and verification is an effective
way to address this problem. Such technologies
could add metadata, such as identity and digital
watermarks, to AIGC, to assure recipients that
content comes from a trustworthy source.

Some governments have already put forth
standards, laws, and executive orders on AIGC
labeling and provenance. In October 2023, Joe
Biden issued the US's Executive Order on the
Safe, Secure, and Trustworthy Development

and Use of Artificial Intelligence. In Article 4.5
“Reducing the Risks Posed by Synthetic Content”,
the order calls on stakeholders to, “foster
capabilities for identifying and labeling synthetic
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content produced by Al systems.” China initiated
a mandatory standards project named Labeling
Method for Content Generated by Artificial
Intelligence In June 2024. And the EU’s Artificial
Intelligence Act, which officially took effect on
August 1, 2024, also highlights that certain Al
systems that generate data must provide the
ability to identify the data.

The industry has also already established
some technical standards for Al identification
and tracking. For instance, in June 2022, ISO/
IEC set up a Joint Photographic Experts Group
for media trustworthiness (JPEG Trust). JPEG
Trust then released the draft ISO/IEC 21617
standard for AIGC provenance and authenticity
verification. The draft standard was passed by
national representatives in July 2024 and will
be released as an official international standard
shortly. In the future, the trust model and core

ideas of JPEG Trust will serve as a reference for
international AIGC governance to hopefully guide
the formulation and application of standards and
the establishment of a mechanism for worldwide
interconnection. The end goal of such efforts is to
eventually form a comprehensive content tracing
and authenticity verification system and redefine
trust for digital content.

Al systems are playing an increasingly important
role in various sectors, exponentially magnifying
the impact of attacks on Al systems. In the
future, Al systems will increasingly require the
ability to support provenance and authenticity
verification. Concurrently, stringent technical
requirements must be put in place to ensure the
security of Al systems and models, as well as
the trustworthiness of Al input and output data,
thereby mitigating the risk of Al system misuse
and safeguarding the value generated by Al.

Snapshot from the future: Digital watermarking to support

information provenance

In the digital world, data will be the most
important asset, meaning it will face
heightened risk of theft and misappropriation.
The unprecedented capabilities provided by
AIGC and similar technologies, like natural
language processing and image generation, are
revolutionizing the industry. The theft or abuse
of data assets or generated data can have far-
reaching consequences for both individuals and
enterprises. Consequently, a robust mechanism
for tracing and safeguarding data assets and
generated data must be established.

Digital watermarking-based provenance
technology is an effective method for addressing
this problem. By processing the dataset with
digital watermarking, it ensures traceability

and ownership, and prevents unauthorized use.

Embedding watermarks during model training also
allows owners to identify and prove ownership in
the event of theft or abuse.

Al has also revolutionized traditional digital
watermarking, enabling the development of
excellent semantic watermarks that deliver a

level of security similar to cryptography. Digital
watermarking-based provenance will play an
important role in building trust in the future.

It can even be applied in real-time audio and
video communications to locate the source of
information disclosers. In the future, it is probable
that only image and audio datasets that have
undergone digital watermarking processing will be
eligible for publication. Creatives can also adopt
digital watermarking to protect their data from
unauthorized collection and use.



Snapshot from the future: PEC technologies that improve computing

security

In the era of big data, data will be the new

oil. But unlike oil, data will never run out. The
value of data will be realized again and again

in different scenarios and regions by all kinds

of enterprises and organizations. However, data
sharing presents new challenges to security

and privacy. Data mining and analytics driven

by machine learning is becoming increasingly
prevalent. Many sectors such as finance,
healthcare, and retail in particular need to
guarantee data privacy as they seek to mine data,
obtain its value, and share it for collaboration. As
data analytics and data warehouse environments
become increasingly complex, traditional data
desensitization technologies will no longer be
sufficient. Therefore, PEC technologies are being
explored as an alternative.

PEC technologies are data security technologies
used to protect and enhance privacy and security
during the collection, storage, search, and analysis
of private information. PEC supports efficient,
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high-quality services by protecting personal
data from abuse, while allowing effective use

of the data. This allows us to realize the data’s
full business, scientific, and social value. PEC
technologies are being explored in the following
areas:

Differential privacy: Random noise is injected
into databases to be mixed with personal data,
while statistical estimation can still be performed
using the data. This method guarantees personal
privacy even when data is shared, because the
original data has been scrambled.

Homomorphic encryption: This technique allows
users to perform computations on encrypted
data without decrypting it. When data is
homomorphically encrypted, the computations on
the data are also executed in an encrypted form.
When the output is then decrypted, it is identical
to the answers that would have been obtained

if the computations had been performed on the
unencrypted data.

Federated learning: This method allows data

to stay in a company’s local servers for machine
learning. Separate learning models are built there
after encrypted samples have been aligned, and
a virtual joint model is then developed based

on these models. The performance of this joint
model is almost identical to a model trained on
data directly gathered in the conventional way.

In addition to the above-mentioned technologies,
PEC technologies include a trusted execution
environment (TEE), zero-knowledge proofs,
k-anonymity, and l-diversity. In the future, PEC
will be supported by more algorithms and widely
used in more applications, helping us to find the
right balance between privacy and data value.
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Snapshot from the future: Quantum security that ensures

trustworthiness in the digital life

Quantum computing is maturing rapidly

and is expected to be capable of breaking
traditional security algorithms by 2030.
Therefore, it is imperative we transition to post-
quantum cryptography (PQC) and quantum
key distribution (QKD) which are resistant to
guantum computing attacks.

The first batch of standardized quantum-resistant
algorithms selected through the NIST PQC
Standardization competition has already been
officially released. The first batch of ISO/IEC PQC
standards has also already been released. In
light of the attack on Supersingular Elliptic Curve
Isogeny (SIKE) - a NIST candidate algorithm -

a preliminary consensus has been reached on
the evolution towards diverse PQC algorithms.
For example, a current draft ISO/IEC standard in
this field includes an algorithm submitted by the
US NIST and the German FrodoKEM algorithm.
Meanwhile, multiple countries and industry

The rapid growth of digital technologies has

been accompanied by numerous new security
challenges. Emerging technologies like cloud,

loT, and Al are advancing at an unprecedented
pace as more sectors go digital, however this
transformation is also creating new cyber security
risks. Ensuring the security of digital environments
is vital to ensuring the impact ICT has on the
economy remains positive. As a global technology
provider, Huawei is acutely aware of how
important cyber security is for ensuring trust in
the digital world we all share.
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organizations have released strategies and
planning guidelines to guide the industry through
PQC migration.

QKD is a secure key distribution method
implemented by using quantum mechanics

and transmission measurement of quantum
superposition states. QKD has provable security and
is recognized in both China and many European
countries as an effective method to ensure quantum
security in security-critical scenarios.

In the international community, cyber security is
increasingly intertwined with political concerns and
trade barriers. However, political concerns have
done nothing to help address core cyber security
issues. Cyber security has been used as an excuse
for new trade barriers, but the true nature of this
security conundrum remains obscure.

To resolve trust issues in the future digital world,
more governments and organizations will need

to establish clear fair and just rules. Establishing
unified neutral technical standards, implementing
security assurance measures, and creating a digital
trust system will be essential for future progress.



Snapshot from the future: Unified rules that enhance data protection

and mitigate data monopoly

Digital trust involves many organizations and
stakeholders. Notably, in the realm of personal
information protection, the EU has enacted the
General Data Protection Regulation (GDPR), while
other countries and regions have subsequently
adopted similar laws, such as China’s Personal
Information Protection Law. GDPR is the world's
most stringent privacy and security law for
personal data. It came into force on May 25, 2018
and has since played an active role in protecting
personal data and enforcing compliance on data
giants that misuse data. As of July 31, 2024, a
total of 1701 GDPR fines totaling EUR4 billion
had been imposed, with the single largest fine
amounting to EURT1.2 billion.

A global trend in governments standing up against
corporate data monopolies has also unfolded.

In 2019, the US launched an anti-monopoly
investigation into giant companies suspected

of monopolizing the market, suppressing
competition, and infringing user privacy. On May

27, 2020, the Japanese Senate officially adopted
the Act on Improving Transparency and Fairness
of Specified Digital Platforms (TFDPA), which
seeks to regulate specific digital platforms and
increase their disclosure obligations. On January
19, 2021, Germany's Tenth Act Amending the
Act Against Restraints of Competition came into
effect, expanding the application scope of their
existing competition rules to prevent and curb
enterprise abuse of dominant market positions.
In 2021, the State Council of China issued the
Anti-monopoly Guidelines of the Anti-monopoly
Commission of the State Council in the Field of
Platform Economy.

In the future, global data protection and anti-
monopoly legislation will continue to improve
and be implemented to prevent large platforms
from illegally obtaining, abusing, and trading
personal privacy data. This will bolster digital
security, ensure fair competition, and foster a

robust digital credit ecosystem.
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Snapshot from the future: Impartial standards that drive healthy ICT

industry development

Governments and industry organizations must
establish unified cyber security standards that
are technology-neutral and equally applicable to
all enterprises and all ICT products. The telecom
industry has a long history of developing shared
standards to promote the continuity, reliability,
and interoperability of telecom networks.
Nicholas Negroponte, the founder of the MIT
Media Lab, once even wrote in a Fast Company
article, “Telecommunications policy should be
based on objective standards, not geopolitical
issues.”

Huawei has been an active contributor to

the standards organizations involved in the
development of ICT security standards. In

the connectivity field, we have contributed

more than 300 proposals to 3GPP and GSMA,
maintaining our longstanding position as a leader

in the industry. In the computing field, we have
contributed security proposals, including an Al
computing platform security framework, general
confidential computing framework, and remote
attestation procedures (RATS) architecture to
ISO/IEC, ETSI, and the National Information
Security Standardization Technical Committee of
China (TC260), and worked with industry partners
to drive the development and application of
computing security technologies.

Clear, fair, and unified cyber security
technologies and verification standards will
ensure ICT products can be independently and
comprehensively verified and evaluated. This will
enable organizations to select products that meet
their specific security requirements, based on

the verification and evaluation results, and foster
healthy development within the ICT industry.

Snapshot from the future: A cyber security and privacy assurance

system that boosts digital trust

Building and implementing an end-to-end global
cyber security and privacy protection assurance
system is one of Huawei’s key strategies. In
compliance with applicable laws and regulations
in countries where we operate and international
standards, we are continuing to invest in an
effective, sustainable, and reliable cyber security
and privacy protection assurance system that
addresses the requirements of both regulators
and customers, as well as industry best practices.
Additionally, we actively work with governments,
customers, and industry partners to address
cyber security and privacy challenges.
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Huawei's own cyber security values include integrity,
trustworthiness, accountability, capability, openness,
and transparency. We do not and will never implant
backdoors into our equipment or allow others to do
so, and will never illegitimately collect intelligence for
any individual or organization, including government
organizations, agents, and entities. We are fully
aware of the importance of privacy protection

and we are committed to protecting personal data
of our consumers, customers, suppliers, partners,
employees, and other relevant entities, in compliance
with all privacy and personal data protection laws
and regulations everywhere we operate.



Huawei has published a Statement on Establishing

a Global Cyber Security Assurance System and
Huawei General Privacy Protection Policy to
explicitly state our position, general principles,
and requirements concerning cyber security and
privacy protection.

o Our business departments are required to
identify cyber security and privacy risks based
on business scenarios and high-risk groups,
develop management requirements and
incorporate these requirements into related
business processes, and IT systems and tools.

e We have established an end-to-end cyber
security and privacy protection verification
system, regularly carry out measurement,
inspections, and internal audits, set up
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organizations independent of business systems
to verify Huawei products and services, and
make constant management improvements

to address identified issues. We also work

with third parties on tests, certifications,

and external audits to continuously improve
Huawei's cyber security and privacy protection
management.

We organize regular cyber security and privacy
protection awareness training, education, and
examination for all staff, and provide targeted
training for managers and high-risk groups.
We have also established an accountability
mechanism to hold violators accountable in
accordance with the Accountability Rating
Criteria for Cyber Security and Privacy
Protection Violations.



Conclusion:

%‘ Building an intelligent world
with digital trust together

Looking forward towards 2030, it is clear to us that the world will be using a number of technologies
such as digital identities, Al, and quantum-safe algorithms to better protect user privacy and data assets;
to fight against digital fakes and fake news more effectively; and to reduce the risk of fraud and data
theft. Digital watermarking, PEC, and other technologies will enable data sharing with secure encryption,
maintaining the value generated by data flows while protecting privacy. Huawei predicts that by 2030,
PEC technologies will be used in more than 50% of computing scenarios, and 100% of ICT systems will
have a quantum-safe capacity or the capacity to migrate to quantum-safe solutions.

At the same time, digital security laws and regulations like GDPR and anti-monopoly action in the data
domain will be seen in more countries. This will help build trust between individuals and organizations,
and help organizations maintain legal compliance in the area of digital trust.

Robust digital trust ecosystems need the cooperation of multiple parties. Enterprises will need to
maintain their own legal compliance and manage the compliance of their partners. They will also need
to work with regulators to combat information security violations and data monopolies, as well as to
protect user data security. This means enterprises will need to set up their own cyber security and privacy
assurance systems, and proactively support public education and training to help build digital literacy
and awareness of data and privacy issues within their communities. Working together, we can build an
intelligent world with digital trust.
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Industry Trends

Going intelligent has become the general direction
that the world is heading in over the coming
decade. China, the EU, and the US have all
published their new visions for this area.

In its Outline of the 14th Five-Year Plan
(2021-2025) for National Economic and Social
Development and the Long-Range Objectives
Through the Year 2035, China prioritizes industry
intelligence as an important area of development,
and sets clear development goals for industries
including manufacturing, energy, agriculture,
healthcare, and education, as well as for
government management.

In its 2030 Digital Compass plan, the EU articulates
the following targets: By 2030, 75% of European
enterprises will have taken up cloud computing, big
data, and Artificial Intelligence (Al) services, and
more than 90% of European small- and medium-
sized enterprises (SMEs) will reach at least a basic
level of "digital intensity". To achieve these targets,

i

the EU announced an increase in investment into
energy and digital infrastructure.

In its Vision 2030 report, the US National Science
Board (NSB) recommends increasing investment
in Al while continuing investment in corresponding
digital infrastructures such as data, software,
computing, and networks over the next decade.
These recommendations aim to help maintain the
US's competitiveness in the intelligent era.

The intelligent development of industries requires
enterprises to upgrade their networks. In its
Industrial Internet Innovation and Development
Action Plan (2021-2023), China's Ministry of
Industry and Information Technology (MIIT)
puts forward the following measures: (1)
Accelerate the network-based development

of industrial equipment, drive the upgrade of
enterprise Intranet, and promote the integration
of information technology (IT) networks and
operational technology (OT) networks to build




industrial Internet campus networks. (2) Explore
the deployment of new technologies such as
cloud-network synergy, deterministic networking,
and Segment Routing over IPv6 (SRv6). In its
Digitizing European Industry platform plan,

the EU considers nanophotonics, Al, 5G, and
Internet of Things (loT) to be key enablers of
future industrial networks, and plans to increase
investment in these technologies in order to stay
ahead in the future.

In recent years, generative Al (GenAl) has
garnered much attention around the world, and
today is regarded as one of the key enablers

of industry intelligence. Serving as "pipes" that
connect the massive computing infrastructure on
which GenAl relies, networks play a pivotal role
in the efficient utilization of computing power. To
drive the high-quality development of computing
infrastructure, the MIIT and other government
departments propose the following targets

in Action Plan for High-Quality Development
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of Computing Infrastructure: (1) Improve the
coverage of optical transport networks (OTNs) in
key application places. (2) Increase the adoption
of innovative technologies such as SRv6. (3)
Implement low-latency connections between
data centers at hub nodes.

As industries increasingly adopt intelligent
technologies, leading telecom carriers around

the world are taking action and beginning to
explore how they can fully unleash the potential of
connectivity in this process. For example:

China Mobile has unveiled a "5G + AICDE"
development strategy, where AICDE stands for
Al, 1oT, cloud computing, big data, and edge
computing.

+ China Telecom has set out the goal of building
an integrated cloud-network architecture by
2030.
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 China Unicom published its CUBE-Net 3.0
strategy, which articulates a new development
direction that combines connectivity, computing,
and intelligence.

« |n its outlook for 2030, Deutsche Telekom aims
to become the leading digital enabler in the
business to business (B2B) market, providing
comprehensive network, 10T, cloud, and digital
services.

A survey conducted by GSM Association (GSMA)
shows that carriers worldwide can fully unleash the
potential of their connectivity portfolios by focusing
on B2B, cloud, and loT services that target the
industry, finance, health, energy, and agriculture
sectors. Carrier networks are also undergoing
intelligent transformation, with all leading carriers
proposing their "Al+" strategies. For example,
China Mobile comprehensively promotes the "Al+"
action and aims to reach L4 autonomous networks
(ANs) by 2025.

By 2030, many amazing things that we can only
dream of today will be a reality. For example,
highly sensitive biosensors and intelligent hardware
connected through broadband networks will
enable us to monitor the indicators of our physical
health in real time. And we will be able to analyze
massive amounts of historical health data securely
stored on terminals and clouds through Al. This
will allow us to proactively manage our own health
and reduce our dependence on doctors, thereby
improving our health and quality of life.

New technologies, such as home broadband that
supports speeds of over 10 Gbit/s and holographic
communications, will enable more intuitive
human-machine interactions. An air-ground cubic
network will connect all means of transportation,
facilitating easy, smart, and low-carbon travel.
Sensing technology, 10-gigabit wired and wireless
broadband, inclusive Al, and applications that
target numerous industries will be available
everywhere, allowing us to build urban digital
infrastructure that improves the quality of city life.

161

With Harmonized Communication and

Sensing (HCS), automation, and intelligence
technologies, we will be able to efficiently protect
our environment. New types of labor, such as
collaborative robots, automated mobile robots
(AMRs), and digital labor, can be adopted in
tandem with the industrial Internet to increase
accuracy and decrease costs throughout the
whole process from demand to production and
delivery, while also improving the resilience of the
manufacturing industry.

Energy 10T can be integrated into smart grids to
form a green energy Internet and fully digitalize
all activities, including generation, grid, load, and
storage. Zero-carbon data centers and zero-
carbon communications sites may soon become

a reality. We can also guarantee digital security
and trustworthiness by combining blockchain,
digital watermarking, Al-driven anti-counterfeiting,
privacy-enhancing computing, and endogenous
network security.

In 2030, communications networks will evolve
from connecting billions of people to connecting
hundreds of billions of things, and face many
challenges along the way.

First, the scale of communications networks

will continue expanding. This means network
management will become even more complex.
Over the next decade, how can we innovate in
software technology to enable self-configuring,
self-healing, and self-optimizing networks and
prevent operation & maintenance (O&M) costs
from rising in step with the continuous expansion
of network scale? This poses a daunting challenge.

Second, loT scenarios such as unattended
operations in industrial and agricultural settings,
end-to-end (E2E) self-driving vehicles, low-altitude
manned flight, and low-altitude drone take-outs
and freight movement will require carriers to
further improve the coverage, quality assurance,
security, and trustworthiness of their networks.
Over the next decade, how can we innovate in
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protocols and algorithms to enable networks to
carry multiple types of services while meeting the
requirements for high quality and flexibility? This
will be a very challenging task.

Third, although Moore's law has held true for
decades, the semiconductor industry is now
struggling to maintain that pace of improvement,
and new technologies like quantum computing are
not yet mature. Meanwhile, demand for computing
power, storage capacity, and network energy
efficiency continues to grow, and these factors

are increasingly becoming bottlenecks. Over the
next decade, how can we innovate in fundamental
technologies to build a green, low-carbon network
and increase network capacity by dozens of times
without increasing energy consumption? This is
another extremely challenging task that lies ahead
of us.

Communications networks are one of the major
forces driving the world forward. The development
of communications networks kicked off during the
first Industrial Revolution and, unlike traditional
industries, it still shows no signs of slowing down
after nearly two centuries. In fact, the pace of
development of communications technologies has
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been particularly rapid in recent decades. Both
the evolution from 2G to 5G and the shift from
the asymmetric digital subscriber lines (ADSL)
to gigabit optical home broadband took just 30
years. Over the next decade, we will witness the
emergence of new use cases and scenarios for
communications technologies and fully embrace
an intelligent world.

Communications networks are one of the

major forces driving the world forward. The
development of communications networks kicked
off during the first Industrial Revolution and,
unlike traditional industries, it still shows no signs
of slowing down after nearly two centuries. In
fact, the pace of development of communications
technologies has been particularly rapid in recent
decades. Both the evolution from 2G to 5G and
the shift from the asymmetric digital subscriber
lines (ADSL) to gigabit optical home broadband
took just 30 years. Over the next decade, we will
witness the emergence of new use cases and
scenarios for communications technologies and
fully embrace an intelligent world.
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Future Network Scenarios

Communications networks have come a long
way since Samuel Morse invented the electric
telegraph in 1837. They have evolved from
connecting individuals and homes to connecting
organizations and from wired to wireless. In
today's environment of diverse and rapidly
changing services, it takes continuous innovation
for communications networks to keep up with the
needs of customers. To meet the rich and diverse
business needs that will arise in the intelligent
world of the next 10 years, communications
networks will need to go beyond connecting
individuals. They will also need to connect
multiple perception, display, computing resources,
and Al agents related to each individual. In the
near future, networks will have to connect home

users as well as home appliances, vehicles, and
content resources, while organizations will expect
networks to do more than just create connections
between employees — they must also connect
an organization's machines, edge computing
nodes, and cloud resources.

The scope of network connections is expanding,
business needs are changing, and the industry
has reached a consensus that, over the next 10
years, networks will evolve from 5G to 5G-A/6G,
from 5th Generation Fixed Network (F5G) to
F5G-A/F6G, and from Net5G to Net5.5G/Net6G,
and Autonomous Networks (AN) will evolve
from L2 to L4+. In addition, new use cases will
continue to emerge.
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m 2.1 Next-Generation Human-Machine Interaction Network:
A Human-centric Hyperreal Experience

In a world of cold machines, it is up to human of their human users. Intelligent machines (e.g.,
beings to adapt to the machines. With the wide smart screens, smart home appliances, intelligent
use of the automobile, we learned to work with vehicles, and smart exoskeletons) will be able to
pedals and a gearstick. In the PC era, we learned to understand natural language, gestures, and eye
use the mouse and keyboard. In the smartphone movement, and even read human brain waves,
era, we learned to use touchscreens. enabling more intuitive integration between

the virtual and physical worlds and bringing a
However, with sufficiently advanced levels of hyperreal sensory experience to human-machine
intelligence, it is possible to turn this paradigm on interaction. (Figure 1 Hyperreal human-machine
its head and have machines adapt to the needs interaction experience)

Figure 1 Hyperreal human-machine interaction experience
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Over the course of the coming decade, communications networks must evolve to support brand-new human-
machine interaction experiences such as XR, naked-eye 3D display, digital touch, digital smell, and Al agent.
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2.1.1 XR: An Intuitive Interaction Experience Through a Perfect Synthesis of the Virtual

and Physical Worlds

Virtual Reality (VR) is about rendering packaged
digital visual and audio content. Augmented
Reality (AR) refers to the overlaying of information
or artificially generated content onto the existing
environment. Mixed Reality (MR) is an advanced
form of AR that integrates virtual elements

into physical scenarios. eXtended Reality (XR),
which covers VR, AR, and MR, is a catchall term
that refers to all real and virtual combined
environments and human-machine interactions
generated by computer technology and wearables.
Characterized by three-dimensional environments,
intuitive interactions, spatial computing, and other
features that set it apart from existing Internet
devices, XR is considered the next major platform
for personal interactions.

In 2020, due to the impact of social distancing
caused by COVID-19, demand for VR games,

virtual meetings, and AR-assisted temperature
taking increased exponentially. The number of
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active VR users on the US video game digital
distribution service Steam doubled. Some
manufacturers have unveiled new AR headsets
that are more portable. With the wide adoption
of 5G, wireless fidelity 6 (Wi-Fi 6), and fiber
broadband, all of which can deliver gigabit speeds,
XR services are set to boom over the next decade.
Huawei predicts that the number of VR/AR users
is expected to reach 1 billion by 2030.

In its Virtual Reality/Augmented Reality White
Paper, the China Academy of Information and
Communications Technology (CAICT) divides the
technical architecture of XR into five parts: near-
eye display, perception and interaction, network
transmission, rendering processing, and content
creation. The white paper also predicts the
development stages of XR. The CAICT's conclusions
have, to some extent, been endorsed by the ICT
industry. (Table 1 Network requirements of XR
services)




Table 1 Network requirements of XR services
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Technical Technical Index Partial Immersion Deep Immersion Full Immersion (XR)
System 2021 2022-2025 2026-2030
Monocular resolution 2K 4K 8K
Field of view (FOV) 120° 140° 200°
Near-eye
display Pixel per degree (PPD) 20 30 60
Varifocal display No Yes Yes
360° panoramic
resolution: Weak 8K 12K 24K
Content interaction
creation
Ga.mlng: SFrong aK 8K 16K
interaction
Weak interaction (Mbit/s) 90 290 1,090
Round-trip latency: Weak
Network interaction 20 20 20
transmission
(Average value) Round-trip latency:
B } 5 5 5
Strong interaction
Transmission medium Wired/Wireless Wireless
Rendering Rendering computing 4K/90 FPS 8K/120 FPS 16K/240 FPS
processing / Fixation point rendering
Eye interaction / Eye tracking

Voice interaction

Perception and

interaction Tactile interaction

Mobile interaction

Currently, XR is entering the deep immersive
experience phase. At the beginning of 2024, Apple
Vision Pro was officially launched. Its glasses'
viewfinders have 23 megapixels between them,
providing greater than 4K resolution in each eye
and achieving excellent definition, color accuracy,
and visual experiences. We predict that XR will
reach the stage of full immersion by 2030, by
which time it will be supported by 8K monocular
resolution, 200° FOV, and a gigabit-level bitrate.

The improvement of the XR display poses higher
requirements on content. If content rendering
is implemented on the cloud, the device-cloud

Immersive sound

(Movement redirection)
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Personalized immersive sound

Refined tactile

Tactile feedback feedback

Virtual mobility High-performance

virtual mobility

motion-to-photon (MTP) interaction requires

a network transmission round-trip time (RTT)

of 20 ms for carrying XR services. For weak-
interaction streaming services with few motions,
the requirement for lower than 20 ms RTT latency
can be met. For strong-interaction gaming services
with frequent motions, the RTT latency must be
controlled within 5 ms.

Therefore, to support the development of XR
services over the next 10 years, networks must
have bandwidth of higher than 1 Gbit/s and
latency of lower than either 5 ms or 20 ms,
depending on the scenario.
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2.1.2 Naked-Eye 3D Display: A Brand-new Visual Experience Through Lifelike

Image Reproduction

The implementation of naked-eye 3D display
involves three major phases: the digitalization
of 3D objects, network transmission, and optical
or computational reconstruction and display.

There are two types of naked-eye 3D display
technology: light field display (through
lenslets) and the use of spatial light
modulators (SLMs).

Light field display leverages the binocular parallax
to create 3D visual effects. It uses parallax barriers,
lenticular lenses, and directional backlight, all

of which impose fairly inflexible requirements in

terms of viewing angles. Their adoption would
require real-time capturing of user location and
dynamic adjustment.

An alternative approach would be to use SLMs.
An interferometric method is used to store

all amplitude and phase information of light
waves scattered on the surface of a 3D object

in a recording medium. When the hologram is
irradiated with the same visible light, the original
object light wave can be reproduced thanks to
diffraction, providing users with a lifelike visual
experience. (Table 2 Network requirements of
naked-eye 3D display)

Table 2 Network requirements of naked-eye 3D display

Technical Index

Technical System

SLM
(2025-2030)

Lenslet
(2021-2025)

Maturity prediction

Size
Display
Resolution
Bandwidth
Network

Round-trip network
latency

transmission

Transmission medium
Voice interaction
Gesture interaction

Interaction design

Mobile interaction

Availability

Large-scale deployment

Weak interaction: 20 ms
Strong interaction: 5 ms

ine) el (i Sporadic application

70-inch screen 10-inch to 70-inch screens

16K 16K

10 Gbit/s - 1 Tbit/s
(4K,60 frames, and 10 Gbit/s are required
forobjects with a size of 10 x10 cm.)

Around 1 Gbit/s

Weak interaction: 5 ms
Strong interaction: 1 ms

Wired/Wireless

Location tracking and spatial sound

Gesture recognition

Location tracking and spatial computing

Audio: 99.9%
Video: 99.999%

References: IEEE 1981.1 Tactile Internet and Digital Holography and 3D Display
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In recent years, naked-eye 3D display featuring
light field display has developed rapidly, in step
with the development of user location awareness
and computing technologies. Some manufacturers
have commercialized their innovative products. We
predict that a large number of use cases will emerge
in the entertainment and commercial sectors by
2025. This type of 3D display requires higher than
1 Gbit/s bandwidth and real-time interaction.

In strong interaction scenarios, the network
latency must be less than 5 ms, and commercial
applications will require network availability of
99.999% (this means annual downtime must be
less than 5 minutes and 15 seconds).

Over the past several years, breakthroughs have
also been made in holographic technology,

which is based on optical reconstruction. Product
prototypes have been developed with a thickness
of 10 cm and a projection size of around 100 cm”.
We predict that these small-scale holographic
products will become commercially available at
exhibitions, for teaching purposes, and as personal
portable devices over the next 10 years. They will
require bandwidth of around 10 Gbit/s, latency

of no more than 5 ms or as low as 1T ms, and
network availability of more than 99.999%, the
same as that required in commercial settings.
True-to-life holographic products will require
higher bandwidth (over 1 Tbit/s), but we do

not expect them to be ready for large-scale

Table 3 Network requirements of digital touch
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commercial deployment by 2030.

Therefore, the naked-eye 3D display products
coming to market over the next decade will need
to be supported by networks capable of delivering
1-10 Gbit/s bandwidth per user, latency of 1-5 ms,
and 99.999% availability.

2.1.3 Digital Touch: Tactile Internet Made
Possible Through Multi-dimensional
Sensory Interaction

In IEEE's tactile Internet architecture, digital tactile
technology is divided into three layers: user layer,
network layer, and avatar layer. The user layer
enters information such as location, speed, force,
and impedance. After being digitalized over

the network, the information is converted into
instruction data and provided to the avatar layer.
The avatar layer then collects tactile, auditory, and
proprioception data and provides the data to the
user layer through the Internet to inform users'
real-time decision making.

Digital tactile technology has two interaction
modes. The first is machine control. Use cases
include remote driving and remote control. The
second is hyperfine interaction, and use cases
include electronic skin and remote surgery.
(Table 3 Network requirements of digital touch)

Dlr_?::;g: of Traffic Type Reliability Latency (ms) Bandwidth

User-Avatar Touch

Video

Machine control Audio
Avatar-User

Tactile feedback

Hyerfine interaction Avatar-User

Tactile feedback

99.999% 2Mbps
99.999% 10-20 1-100Mbps
99.9% 10-20 512Kbps

20Mbps
0 -
99.999% 1-10 (100 Do
99.999% 1-10 [~ Gk

(Electronic skin)

Active cognitive capability: The network layer also needs to support services such as dynamic
performancemonitoring,task awareness, and 3D mapping.

Reference: IEEE 1981.1 Tactile Internet



Communications Network 2030

Machine control has numerous use cases in
industrial settings, and has high requirements

for network availability (above 99.999%). Some
industries even require availability to reach
99.99999%. The required bandwidth is generally
less than 100 Mbit/s, and the maximum permissible
latency varies from 1 to 10 ms, depending on the
specific circumstances.

Electronic skin powered by flexible electronics in
hyperfine interactions has the most development
potential. Electronic skin integrates a large number
of high-precision sensors such as pressure and
temperature sensors. According to a study by the
University of Surrey in the UK, each square inch
of electronic skin will require bandwidth of 20 to
50 Mbit/s, meaning that an average hand would
require bandwidth of 1 Gbit/s. The wearers of
electronic skin won't all be humans; intelligent
machines present another class of potential users.
The user layer may perform analysis, computing,
and decision making based on the massive
amounts of data collected by the electronic skin
on the avatar layer to control the avatar layer.
The user layer can also be directly connected

to humans through brain-computer interfaces

or myoelectric neural interfaces to deliver an
immersive remote interaction experience. We
predict that network bandwidth of 1 to 10 Gbit/s
will be required in hyperfine interaction scenarios.

Therefore, to support digital touch, networks

will need to deliver 1-10 Gbit/s bandwidth per
user, availability greater than 99.999%, and
latency below 10 ms, or as low as 1 ms in certain
use cases.

2.1.4 Digital Smell: Internet That
Enables Us to Smell Through Deep
Sensory Interaction

Among our five senses, two of them - touch and
taste - require direct contact, while three - sight,
hearing, and smell - do not. Of the latter three,
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smell involves the deepest interaction.

Digital smell includes three technical phases:
odor perception, network transmission, and smell
reproduction.

There have been some use cases for odor
perception, such as using composite materials

to form a barcode, which can generate chemical
reactions according to the odor and create color
changes. The relationship between the barcode
and odor can then be identified through Deep
Convolutional Neural Network (DCNN) algorithms.
Use cases can be found in specific scenarios like
detection of dangerous goods and detection of
food freshness.

There are already some commercial odor
reproduction products available in the industry,
such as smelling generators for VR games, which
use five odor cartridges and selectively release
odors from the cartridges. They emit scents such as
the ocean, gunpowder, wood, and soil, deepening
the immersion of the gaming experience. However,
some research reports suggest that the future of
smell in VR won't rely on these odor cartridges,
but will instead work through brain-computer
interfaces to enable people to sense odors more
directly and accurately.

The combination of odor perception (using
electronic noses) and odor reproduction can help
create an Internet that enables us to not only hear
and see, but also smell. It is not yet clear what kind
of network bandwidth and latency this function
will require, but the computing requirements are
already relatively well understood.

In a nutshell, the next-generation human-machine
interaction network will support brand-new
experiences including XR, naked-eye 3D display,
digital touch, and digital smell. Making these
technologies work will require networks capable
of delivering bandwidth of 10 Gbit/s and 99.999%
availability, with latency as low as 1 ms for some
use cases.
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2.1.5 Al Agent: Independent Personal
Assistant for Near-Human Interaction

Advancements in Al are driving Al application
development toward agents. Once given a task,
an Al agent will break it down into sub-tasks
and create a prompt for each sub-task based on
external feedback and autonomous thinking to
complete the sub-tasks, and ultimately, fulfil the
task it was assigned and the user intent.

The introduction of Al agents will directly result in
four changes in the physical world:

« Change in objects: Al agents constitute a new
type of connected object on our networks —
independent silicon-based entities. The range
of interactions occurring in the physical world
is broadening from human-to-human alone to
include interactions such as human-to-digital
human, human-to-robot, human-to-household
robot, and robot-to-robot interactions.
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- Change in experience: Conventional network
design prioritizes coverage and capacity for
downlink services. However, Al agents are more
sensitive to network latency and uplink speed,
and in the future, network design will have to
take this into account.

« Change in content: Interaction modalities are
expanding from 2D audio and video to more
sophisticated modalities such as environment
information and 3D calling. For example, Al
can generate a virtual 3D calling setup in
real time in which two people in different
locations meet each other as if in person,
in an immersive shared environment in
which participants even experience the same
temperature.

Change in scope: Today's network services are
predominantly human-centered, with service
capabilities determined based on the scope of
human activities. Future network service design will
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factor in the activities and activity scope of human-
like Al agents to provide 24/7 services covering
every conceivable domain.

During interactions between Al agents and people,
user experience will hinge on RTT. RTT is the sum
of the time the Al spends processing and network
transmission latency. Huawei estimates that a
typical Al agent will require that RTT be no more
than 400 ms to deliver a human-level face-to-face
communication experience. GPT-40, despite being
an LLM and not an agent, is still an instructive

example. Launched by OpenAl in 2024, GPT-40
requires that RTT be kept below 700 ms in order to
deliver near-human interactions.

Huawei predicts that by 2030, human-to-Al

agent interactions will entail transmission of three
images together with voice streams per second on
average. This requires a guaranteed network speed
of at least 10 Mbit/s to 20 Mbit/s for excellent
experience and at least 32 Mbit/s to 64 Mbit/s for
superior experience. (Table 4 Network latency and
bandwidth requirements of Al agents)

Table 4 Network latency and bandwidth requirements of Al agents

200 KB (small)
Excellent Experience
400 KB (large)

200 KB (small)
Superior Experience
400 KB (large)

10 Mbit/s
200 ms

20 Mbit/s

32 Mbit/s
70 ms

64 Mbit/s

In the future, the average person may own several Al agents, just like most of us own several computers
today. Huawei predicts that globally by 2030, there will be 6 billion active wireless Al agent users,
including those using digital twins in the virtual world and embodied Al in the physical world, such

as industrial robots, service robots, companion robots, autonomous drones, and autonomous vehicles.
These Al agents will run as independent entities and become independent participants in society.
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m 2.2 Networks That Deliver a Consistent Experience for Homes,

Offices, and Vehicles: The Third Space with the Same

Broadband Experience

With the large-scale commercial use of Huawei's
Advanced Driving System (ADS) and Tesla's Full
Self-Driving (FSD) system and the widespread

use of Baidu's Apollo Go robotaxi in Wuhan, it is
foreseeable that end-to-end autonomous driving
will become a new norm by 2030. Vehicles will
automatically pick up passengers from parking lots,
drive along the road, and park at the destination,
and the brain, eyes, hands, and feet of drivers will
be freed. When we envision the future of self-
driving cars, the most appealing feature for many
is that we will be able to enjoy the immersive
entertainment, social, and work experience we get
at home while on the go. Multi-screen collaboration
has been used both at home and in cars, and 3D

display and holograms will be used in the future.
8K and 16K smart screens will be gradually adopted
at home and MR will be widely used in cars.

With 5G-A, F5G-A, and Net5.5G, mobile and fixed
broadband basically enters the ultra-gigabit era

at the same time, making it possible to deliver
the same level of experience to users regardless
of whether they are at home, in the office, or on
the go. In the future, self-driving cars will become
the "third space" beyond homes and offices,

and users will enjoy the same broadband service
experience in all three scenarios. (Table 5 Network
requirements for delivering a consistent experience
at home, in the office, and on the go)

Table 5 Network requirements for delivering a consistent experience at home, in the office, and on the go

Scenario Type

Vehicle

Round-Trip
Latency

Cinerna Within 16K video
10 years (180-inch screen)
Gaming Within 360° 24K 3D VR/AR
10 years
Holographic Within )
teaching 10 years o (e g
Holographic Within 10 to  True-to-life hologram
meeting 20 years (70-inch)
Autonomous Within
L Home robots
driving 10 years
Within 2 to Ultra-fast GPU (:louc_i PC
Cloud PC 3 vears (shallow compression
y encoding, 4K 60 FPS)
Within 1 to Ultra-fast conyerged
Storage storage (localization-
2 years ) -
like experience)
Home securit Within 2 to 3D optical sensing
Y 3 years (1024+768 30 FPS)
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Commercial “
Deployment : Peak
SEfvice Bandwidth

Service

1.6 Gbit/s, 20 ms

1.6 Gbit/s 50 ms (16K XR)
4.4 Gbit/s, 5 ms
4.4 Gbit/s 5ms (24K XR)
12.6 Gbit/s 20 ms 12.6 Gbit/s, 20 ms
12.6 Gbit/s, 1-5 ms
1.9 Tbit/s 1-5ms (Miniature hologram,
10-inch)
5-20 cm positioning
0,
Oli%gmn a?lz‘”gagt?m/f Availability: 99.999% to
P 9 Y 99.9999%
> 500 Mbit/s <15 ms —
<5ms
> 5 Gbit/s (edge cloud —
deployment)
About 1 Gbit/s <20 ms —
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Over the next decade, common home and office
services will include smart screens, multi-screen
collaboration, 3D, holographic teaching, and XR.
With the continuous development of embodied
intelligence and humanoid robot technologies,
robots will be smarter and more human-like, as
well as perform more physical tasks. As the "eyes"
of robots, visual sensing is an important part of
multimodal interaction and environment sensing.
To implement full environment sensing, machine
vision requires high spatial resolution, a high
frame rate, and a wide light sensing range, which
sharply increase the amount of image information.
Additionally, to meet the real-time requirements
of human-like interaction, network bandwidth
needs to be 100 times higher, and the network
needs to meet the ultra-low latency requirement.
Considering that the penetration rate of true-to-life
holographic conferencing will be low in 2030, the
mainstream broadband requirements of home and
office services will still be 1-10 Gbit/s bandwidth
and lower than 5 ms latency. In the future, home
and office networks will not only provide seamless
broadband coverage, but also support brand-new
scenarios such as working from home, premise
security, and robotics. Based on HCS capabilities,
home networks will be able to sense user locations,
indoor space, and environment security, and create
a more user-friendly living and work environment
for people. By 2030, the average monthly home
network traffic will reach 1.3TB.

Services like 3D, holographic teaching, and XR will
also be available in our self-driving cars. Over the
next decade, their key requirements for network
bandwidth will be 1 to 10 Gbit/s, and latency
requirements will be less than 5 ms. As autonomous
driving will require vehicle-road collaboration, it will
require network availability greater than 99.999%
and positioning precision of 10 cm. Moreover, with
the continuous improvement of scenarios such as
automatic parking and passenger pick-up, clear
requirements are imposed on the network coverage
and rate at vehicles' start and stop locations such
as parking lots.

In addition to immersive entertainment, future
homes will also have a wide range of services,
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including cloud PC, home security, cloud storage,
and NAS. Cloud PC is an important cloud service
under the cloud-network synergy trend. It uses
cloud rendering technology to transfer computing
and rendering from terminals to the cloud. In

this way, users can use lightweight terminals to
enjoy computer services. In addition to existing
smart cameras for home security, other sensing
technologies are upgrading and converging. New
security solutions, such as 3D optical sensing for
healthcare, are gradually emerging. Home storage
is developing towards high speed, convergence,
and application integration. Ultra-fast cloud storage
provides localized experiences of basic services such
as data storage and backup, and supports ultra-
fast speed for operations such as online file editing
and video-on-demand playback. In addition, it

can integrate various online applications such as
document collaboration and smart album.

Huawei predicts that by 2030, the penetration rate
of personal cloud disks in home cloud storage will
reach 35%, that of home cloud computer services
will reach 17%, and that of home healthcare
using privacy-protection 3D radar optical sensing
will reach 8% globally. Moreover, the penetration
rate of home guard and security cameras will
reach 24% in China and 15% globally. With the
intergenerational development of global fixed
optical fiber networks, F5G-A will become the
mainstream by 2030, the number of global

fiber broadband users will reach 1.6 billion,

the penetration rate of gigabit or higher home
broadband will reach 60%, the penetration rate of
F5G-A 10 Gbps home broadband will reach 25%,
the penetration rate of FTTR for Home fibers will
reach 31%, and the penetration rate of FTTR for
SME broadband will reach 41%.

If networks are to meet the needs of these new
technologies and provide a consistent experience
across our three spaces (home, office, and self-
driving cars), we will need to build new network
capabilities that deliver the high bandwidth, high
availability, and low latency required.
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m 2.3 Space-Air-Ground Cubic Network: Borderless Broadband for

Seamless Global Coverage

In the foreseeable future, broadband coverage

will extend beyond the ground, encompassing the
air and even space. These networks will connect
devices at various heights, such as drones and
manned aircraft flying at altitudes of less than

1 kilometer, aircraft at altitudes of up to 10
kilometers, and spacecraft in low-earth orbit (LEO),
hundreds of kilometers above the earth's surface. A
space-air-ground cubic network will consist of small
cells with a coverage radius of 100 meters, macro
sites with a coverage radius of 1-10 kilometers,

Figure 2 All-domain cubic broadband network

Height
A

LEO: Satellites
and space stations

High altitude: Aircraft

1 Gbit/s
Low altitrde: Drones
10 Gbit/s

§ (@)

and LEO satellite networks with a coverage

radius of 300-1000 kilometers, which will provide
users with consistent and seamless broadband
experiences of 10 Gbit/s, 1 Gbit/s, and 100 Mbit/
s, respectively. Broadband will be omnipresent in
daily life; the diversification of leisure activities and
the growing demand for unmanned operations in
intelligent industry and agriculture underscore the
necessity of providing broadband everywhere, from
land to sea and sky. (Figure 2 All-domain cubic
broadband network)

%,

=24

U
100 Mbit/s >er

bandwidth

T
gj » Coverage

Ground
100 meters

174

1,000 meters X00,000 meters



Communications Network 2030

2.3.1 Terrestrial Networks

Wireless networks have already proven their
importance in boosting the digital economy and
creating huge socio-economic value. To facilitate
the diversified experiences of emerging services,
terrestrial networks are constantly evolving toward
faster speeds and deeper coverage of indoor
spaces.

To support XR, naked-eye 3D display, and other
services that require ultra-high network speeds,
5G-A increases the network bandwidth 10-fold.
Specifically, the downlink bandwidth is increased
from 1 Gbit/s to 10 Gbit/s and the uplink
bandwidth from 100 Mbit/s to 1 Gbit/s.

Ultra-broadband spectrum is the basis of this 10
Gbit/s capability. Therefore, equipment is being
developed to support multiple frequency bands
and broadband. In addition to the nearly 100
MHz of FDD spectrum and 100-200 MHz of
TDD spectrum currently allocated for 5G, higher-
bandwidth upper 6 GHz (U6G) and mmWave are
also introduced to provide 200-400 MHz and up
to 800 MHz of spectrum, respectively. Operators
in different regions can choose when to deploy
sub-6 GHz, U6G, and mmWave based on their

service requirements and network construction
pace, adding spectrum as the need or opportunity
arises. Because sites for installing wireless base
stations are often expensive and difficult to
acquire, the most economical and efficient way
to build a high-speed terrestrial network is to add
new frequency bands to existing macro and micro
sites. This means that a single piece of equipment
may need to support multiple frequency bands,
and new technologies will need to be introduced
to overcome the limited coverage of U6G and
mmWave, in order to maximize the utilization of
existing base station site resources.

Wireless networks must provide deep coverage
to serve indoor users, as indoor use accounts for
80% of total wireless network use. Digital indoor
solutions can provide large enough capacity for
indoor scenarios, such as airports, stadiums, and
shopping malls, by using technologies such as
Distributed Massive Multiple-Input Multiple-Output
(Massive MIMO). In addition, technologies such
as FDD Massive MIMO, supplemental downlink
(SDL), and super uplink (SUL) can be introduced
to the sub-6 GHz frequency band to improve the
outdoor-to-indoor (O2l) penetration of outdoor

macro sites, thereby meeting the experience
requirements of most indoor scenarios.
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2.3.2 Non-terrestrial Networks (NTNs)

71% of the earth's surface is covered by water.
The open ocean is beyond the reach of terrestrial
broadband networks, as are uninhabitable or
sparsely populated places on land, such as

remote mountains and deserts. However, as
economic globalization promotes the extraction
of natural resources, these places are increasingly
visited by people and equipped with IoT devices,
underscoring the demand for broadband coverage
there. Terrestrial networks cannot meet this
demand, but satellites can. LEO satellites are
located 300-2000 kilometers above the earth

— high enough to provide ultra-wide coverage
over unpopulated or sparsely populated places.
Therefore, satellite broadband and narrowband
communications are gaining popularity. In the
past decade, rocket recycling technologies have
matured, substantially lowering the cost of putting
a satellite into orbit. Some enterprises have already
deployed constellations of LEO satellites that
provide 100 Mbit/s broadband for home users in
areas beyond the coverage of cellular networks.
Many other enterprises are planning similar
deployments in the near future.

However, due to spectrum constraints and
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communications disruptions, the peak capacity

of an LEO satellite in a satellite network is about
10-20 Gbit/s and the single-user-perceived speed
of broadband access is 100-200 Mbit/s. Suppose

a global satellite network comprises 10,000
satellites distributed on multiple orbital planes
from very low earth orbits (VLEOs) to LEOs, and
each satellite maintains links with satellites around
it in all directions using over 100 Gbit/s lasercom.
Considering at least half of the areas passed over
by the satellites are areas where demand for
broadband is minimal (e.g., oceans and deserts),
the actual effective capacity of the satellite network
will be around 100 Tbit/s, and the capacity density
will be less than 2.5 Mbit/s/km2 (just a few percent
of the capacity density of a common terrestrial 4G
network in urban areas).

The 3rd Generation Partnership Project (3GPP) is
defining a global mobile communications protocol
standard for NTNSs. In Release 17, it introduced
the first 5G-based transparent payload technical
standard. In Release 18, it improved the coverage
and performance of 10T-NTN, and completed
research on features such as air interface
transmission link enhancement. For the upcoming
Release 19, 3GPP is studying a network structure
of regenerative satellite payload and inter-satellite
link technology in order to further improve the
performance and efficiency of satellite networks.
Release 20 is expected to introduce a new standard
for smart handheld NTN broadband terminals.

LEO satellite broadband terminals are becoming
smaller. The latest commercially available portable
broadband satellite CPE weighs just 1.1 kg, and is
small enough to be carried in a backpack. Powered
by batteries, the product can meet the typical
mobility requirements of individuals, such as use

in connected cars, camping trips, and exploration.
It is foreseeable that satellite communications

will be used as a supplement on the fringes of
terrestrial 5G-A networks to meet the narrowband
and broadband service requirements of people and
things and achieve borderless global coverage.
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m 2.4 Industrial Internet: A New Type of Network for Intelligent

Manufacturing as Well as Human-Robot and Robot-Robot

Collaboration

The industrial Internet is a new type of infrastructure
that deeply integrates ICT into the industrial
economy and fully connects people, machines,
things, and systems. For industries, this means the
birth of a brand-new manufacturing and service
system that covers entire industry value chains and
paves the way for digitalization, network-based
operations, and the intelligent transformation of
all industries. The traditional industrial Internet
system consists of four key components: industrial
control, industrial software, industrial network, and
information security. The industrial network is the
foundation of the entire system.

Traditional industrial networks are built based on
the International Society of Automation 95 (ISA-95)
pyramid model. This architecture was introduced
more than 20 years ago and is a manufacturing
system centered on human management. However,
the development of intelligent manufacturing
requires a new architecture that will facilitate
human-robot and robot-robot collaboration.

The new architecture will be built upon three equal
elements - humans, robots, and an intelligent
platform (cloud/edge computing). Private industrial
communication buses will be replaced by universal
industrial networks and open data layers that
support real-time data transmission. The intelligent
platform will aggregate data collected from
humans and robots for real-time analysis and
decision making and support effective collaboration
between humans and robots.

To support the stable development of the industrial
Internet, the network must meet the following
requirements:

» Deterministic network latency: Industrial
applications like automatic control and
motion control pose strict requirements on the
latency, jitter, and reliability for network data
transmission.
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« Network reliability: Control services on industrial
sites are typically performed within milliseconds.
This requires protection switchover to be
completed within sub-seconds.

Intelligent O&M management: Effective O&M
management for industrial networks hinges on
achieving zero workload through streamlined
processes that minimize the burden to industrial
production.

Huawei predicts that the total number of global
connections will reach 200 billion by 2030, including
about 100 billion wireless (cellular) connections
(including passive cellular connections) and about
100 billion wired, Wi-Fi, and short-range connections.
In industrial settings, the multitude of connected
devices will include not only pressure, photoelectric,
and temperature and humidity sensors, but also
numerous intelligent cameras, drones, and industrial
robots. With the advent of the Al era, Huawei
predicts that 20 million industrial robots will enter
the cutting-edge smart manufacturing field by

2030. Consequently, industrial networks, currently
characterized by a fragmented landscape of different
narrowband technologies, will adopt universal
broadband technologies.

Universal industrial networks will erase the
technical boundaries between consumption, office
work, and production. These networks will support
multiple types of services using deterministic
broadband networks and slicing technologies,

such as 5G, Time Sensitive Networking (TSN), IPv6
Enhanced, and industrial optical networks, allowing
enterprises to connect any workforce and migrate
all consumption, office work, and production
elements to the cloud.

Universal industrial networks will enable on-
demand data sharing and seamless collaboration
between office and production systems within

a company, between different companies in the



> Direction for exploration: Sharing vehicles for
faster, low-carbon transportation

The transportation system of the future will be a
multi-layered, efficient, and comprehensive system
that integrates multiple modes of transport,
including road, rail, air, and water transport. When
a centralized transportation management system
schedules the vehicles and resources, passengers

can be provided with tailored mobility solutions
based on their individual needs. This also means
that vehicles will be used much more efficiently.
The shared vehicle model avoids wasteful, carbon-
intensive transportation where a single passenger
drives a vehicle to a single destination.

Snapshot from the future: Mobility as a Service available on demand

According to the International Road Transport
Union, Mobility as a Service (Maa$S) is to put the
user at the core of transport services, offering
them tailor-made mobility solutions based on
their individual needs. Maas is the integration of
various modes of transport into a single mobility
service accessible on demand. It combines all
possible modes of transport, enabling users to
access services through a single application and
single purchase. *

A key objective of MaaS is to provide integrated
and convenient public transport services and
develop green transport. Maa$S systems aim to
integrate local transport (e.g., buses, rail, shared
cars, and shared bikes) and intercity transport
(e.g., planes, high-speed rail, and long-distance
coaches) and provide useful local information
about dining, accommodation, shopping, and local
tourist attractions. These systems will build on the
intelligent scheduling functions of public transport
systems, and identify passenger travel models
while prioritizing green transport. With online
payment functions integrated, MaaS systems can
offer travel booking, one-tap itinerary planning,
seamless connections between different modes

of transport, and one-tap payments. Maa$S will
improve satisfaction with transport services while

also providing green transport options.

Many EU cities are building Maa$S showcase
projects. Different cities have different levels of
integration in terms of facilities, fares, payments,
information, communications, management
systems, and transport services. Gothenburg,
Hanover, Vienna, and Helsinki were the first cities
to explore MaaS. These cities have made full use
of digital technologies to optimize their transport
systems, including buses, shared cars, bicycles,
and urban deliveries. This will help them incubate
emerging transport service providers and drive
urban decarbonization. *°

Maas can bring tangible benefits: Individuals can
cut their transport costs while enjoying better
safety and a better experience. Governments

can optimize their investment in transport
infrastructure for more sustainable urban
management and higher citizen satisfaction. In
addition, Maa$ will create more opportunities for
transport service providers, as they can cut service
costs and expand their services. When Maas is
widely deployed, we will see integrated scheduling
of transport resources, better shared resources, a
user-centric experience, and low-carbon transport.
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same industry, and even between the related
services of different vertical industries. They will
support broadband-based interconnectivity and
multi-cloud data sharing of any workload.

Universal industrial networks will also be smarter
than ever, facilitating the movement of data

in boundary-free and mobile scenarios across
industries and across clouds. They will support
intent-driven automated network management
and Al-based proactive security and privacy
protection, ensuring service security and
trustworthiness at any workplace.

Communications Network 2030

An enterprise usually has multiple types of services,
so a universal industrial network must ensure

the availability, security, and trustworthiness of
services. For example, smart healthcare involves
services such as remote diagnosis, monitoring &
nursing, and remote surgery; a smart grid involves
video-based inspection, grid control, and wireless
monitoring; and smart manufacturing involves
factory environment monitoring, information
collection, and operation control. (Table 6 Network
requirements of intelligent enterprises)

Table 6 Network requirements of intelligent enterprises

Network Requirements of Services

Service Availability (Requirements per User or per Service)

Security Trustworthiness

Number of
Connections

Industry Service Bandwidth per User (Mbit/s)

Latency (ms)

Type

per Bl B2 B3 B4 | BS

T

T2 T3 T4 5 S1 S2 M1 M2 M3

Enterprise

1~10 | 10~20|20~50 | 50~100 | >100

50~100

Logical
Isolation

Physical

20~50 )
Isolation

10~20 5~10 @ <5 Visible | Manageable | Operable

16K remote
diagnosis

Monitoring
& nursing

Smart
health

2K

Holographic
remote 5
surgery

10G

Video-based
inspection

Smart grid | Grid control

Wireless
monitoring

Factory
environment
monitoring

100

Smart

.| Information
manufacturing

. 10K
collection

Operation
control

Reference: CAICT, Research Report on Industry SLA Requirements for 5G E2E Network Slicing

Based on the typical bandwidth and latency requirements of each service and forecasts on the number
of devices used by enterprises in 2030, we predict that a medium- to large-sized enterprise will

require network bandwidth of 100 Gbit/s and the maximum bandwidth per user will reach 10 Gbit/s.
Acceptable latency will vary greatly from one use case to another, from as low as 1 ms to as high as 20
ms. In addition, it will be necessary to ensure the security and trustworthiness of industrial networks.
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m 2.5 Computing Power Network: Orienting Towards Machine

Cognition and Connecting Intelligent Computing Centers,
Massive Amounts of User Data, and Computing Power

Services at Multiple Levels

The social value of communications networks

is reflected in the services they support. In the

past, networks helped establish communications
channels between people by providing
communications services. Today, with smart
devices and the cloud connected to networks,
more diverse content services are provided through
communications networks.

The networks we use today are designed for
human cognition. For example, the frame rate for
motion video (typically 30 frames per second [FPS])
is chosen based on the human ability to perceive
motion, and the audio data collected is compressed
with mechanisms that take advantage of the
masking effects of the human cognitive system.
For human perception, such encoded audio and
video can be considered high quality. However, for
use cases that require beyond-human perception,
the level of quality may be far from enough. For
example, robotic monitoring systems will need to
detect anomalies by listening to sounds beyond
the human audible frequency range. In addition,
the average human response speed upon seeing
an event is about 100 ms. Therefore, many
applications have been designed based on this
latency. However, for certain applications that are
beyond human usage, such as emergency stop
systems, shorter response time is required.

The Innovative Optical and Wireless Network
Global Forum Vision 2030 and Technical Directions
states that compared with today's networks that
are designed for human cognition, future networks
designed for intelligent machines such as XR,
machine vision, and self-driving vehicles will have
enhanced performance in four dimensions:

» Cognitive capacity: Systems will be able to
capture objects in the physical world more finely,
precisely, and in a multi-sensory manner. For
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instance, in manufacturing monitoring systems,
motion capture at 120 FPS will detect anomalies
that would otherwise be undetectable.

+ Response speed: Systems will be able to
respond to the status change of a controlled
object within 10 ms.

« Scalability in computing: Systems will be able to
accommodate varying and uncertain workload
while achieving high resource utilization,
through methods such as dynamic linear scaling
of computing resources.

- Energy efficiency: Energy efficiency can be
greatly improved if enterprises eliminate on-
premise computing resources and adopt a
cloud-based model. Moreover, energy efficiency
will be further improved with an event-driven
approach where a system is deployed on a
serverless computing platform.

Intelligent machines will create more accurate
data. For example, network clocks and geolocation
stamps can be used for precise modeling of the
physical world in a digital twin system. This will
lead to a shift in data processing and computing,
from today's Internet platform-centric model to a
data-centric model, decoupling data, computing,
and communications.

The network infrastructure designed for machine
cognition should satisfy the following requirements:

« Accommodating the collection and transmission
of massive amounts of data, having an ultra-low
latency, and supporting a very large number of
subscribers.

- Managing publishers' data generation and
injection based on the overall condition of the
system and the importance of the data.

 Supporting the storage and sharing of data
among communications and computing nodes
in the network.



« Supporting precision time and geolocation

stamping.

« Providing strong protections for data security,
privacy, and integrity.

» Providing a data brokerage between IP and
non-IP nodes, with the data brokerage being
accessible through multiple networks.

As Al foundation models continue to advance,

data centers will witness the number of model
parameters increasing to trillions, tens of trillions, or
even hundreds of trillions. Such huge numbers will
overwhelm a single intelligent computing center. A
common intelligent computing center can now host
an array of 10,000 to 50,000 Graphical Processing
Units (GPUs)/Neural Processing Units (NPUs),
while a cutting-edge one usually accommodates

up to 60,000 such GPUs/NPUs. As the scale of
GPUs/NPUs exceeds 80,000, a single intelligent
computing center will face a variety of challenges,
ranging from unstable power supply and inefficient
heat dissipation to inadequate network bandwidth.
These technical bottlenecks make it difficult for a
single intelligent computing center to accommodate
100,000+ GPUs/NPUs. As such, distributed
computing power collaboration across data centers
has emerged as a pressing necessity to keep pace
with Al's growing demands for computing power.
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In terms of terminals, the computing industry

can no longer rely on Moore's law for rapid
development given the miniaturization of chips

is approaching its physical limits. For example,
manufacturing Central Processing Units (CPUSs)
with more than 128 cores in smart terminals
presents economic bottlenecks. Furthermore, the
local computing power of devices cannot support
the running of ultra-large models due to volume
and power consumption constraints. In addition,
due to bandwidth costs and latency, cloud data
centers may not be able to satisfy the massive
amount of time-sensitive service processing
required by intelligent systems. That said, the new
type of network oriented to machine cognition
must allow foundation models to be deployed at
the edge for data analytics, processing, inference,
and more, without needing to transmit all data to
the central cloud.

In the future, the cloud, edge, and devices will

be connected, and computing workloads will be
apportioned to one of three levels (distributed
edge nodes in a city, regional data center clusters
that cover multiple cities, or backbone centralized
data centers) in real time based on their latency
thresholds. In use cases that can tolerate

latency of about 20 ms, data may be sent to a
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Figure 3 Three levels of computing resources for machine data services

Real-time performance
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(Edge computing)
Low City cluster High _ Computing
(Regional data|center cluster) " intensity
Backbone
(East-data-westrcomputing intensive data centers)
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centralized data center. In use cases with lower
latency tolerance (from 5 ms to as low as 1 ms),
computing will be performed in a regional data

and network convergence services based on a new
concept of "computing power network". They aim
to connect diverse computing power in the cloud,

center cluster or at the edge. (Figure 3 Three levels on the edge, and across devices to implement

of computing resources for machine data services) on-demand scheduling and sharing for efficient

computing power services at multiple levels. The

Computing efficiency and reliability are correlated computing power network represents a significant

with network bandwidth, latency, security, and
isolation. Therefore, computing and networks
should be coordinated. Major carriers have

articulated a new business vision for computing

shift in network design, from focusing on human
cognition to focusing on machine cognition.

The Chinese government released the Guiding
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Opinions on Accelerating the Construction of
Collaborative Innovation System of National
Integrated Big Data Centers, which states: "With
the acceleration of digital transformation and
upgrade in various industries, the total volume of
data being created by society as a whole is growing
explosively, and the requirements for data resource
storage, computing, and applications are greatly
increasing. Consequently, there is an urgent need to
promote an appropriate data center layout, balance
between supply and demand, green and centralized
development, and interconnectivity. We should
build a new computing power network system that
integrates data centers, cloud computing, and big
data, in order to p