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Executive Summary
Introduction
Climate change is threatening to
disrupt
the
global
ecosystem,
jeopardize food and water security,
undermine economic gains, and
threaten the livelihood of citizens all
over the world. According to the UN,
the global temperature reaches 1.2
degrees in 2021, approaching the
environmental ‘tipping point’ in an
accelerating rate. These mounting
temperatures have given way to more
frequent and severe natural disasters,
underlining the urgency to adequately
address the climate issues. The
viability of our societies depends on
global actions to close the gap between
expected emission and the Paris
Agreement limit. In this sense,
enterprises and industries must
therefore engage in massive carbon
reduction through operational and
organizational transformation.
Digitalization offers some potential to
help address the world’s most pressing
climate concerns through boosting
energy efficiency and enable the muchneeded shift toward a circular economy
based on renewable energy. With
faster connectivity speeds, ultra-low
latency, and greater bandwidth, 5G can
enable data-sharing in real-time to
optimize the use of carbon-intensive
energy along the operational process.
With massive data collected, cloud
computing and big data analyze the
performance of smart devices and
forecast their performance to ensure
dynamic optimization of energy.
Furthermore, AI and Deep Learning

can identify the energy demand for
each scenario, and automatically
direct certain services to the most
energy efficient network without
impacting on user experience. They
can also contribute to preventive
maintenances
that
improves
operational process efficiency across
all industry sectors. Therefore, it is
clear that the carbon neutrality is set
to be fueled by heavy technology
involvement.
This report will elaborate on the
climate changes ahead and focuses
on the decarbonization impact of
digital technologies in four sectors.
Telecommunication was selected as
areas of focus due to massive
building of data center and other
energy intensive infrastructure. As the
potential driver of the future carbon
emission,
the
challenges
and
opportunities of telecommunication
industry must be examined to provide
guidance on the pathways to carbon
neutrality. The telecommunication
has demonstrated the ability to not
only limit the emission within industry,
but also to enable carbon reduction in
other carbon intensive industries that
rely on the connectivity through
digitalization, such as Manufacutring,
Electricity and Transportation. The
use of digital technologies in enabling
energy transitions and efficiency
optimization will be described in detail
in the following sector specific
chapters.
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Key Findings
As digitalization expands, it creates
new opportunities to optimize energy
use and decrease greenhouse gas
emissions. Opportunities in key sectors
include the following:
•

•

Telecommunication: Digitalization
in the telecommunication sector can
help with preventative maintenance,
detect and eliminate energy waste
in infrastructures, and improve the
sector’s environmental footprint.
Specifically, with more efficient
hardware,
telecommunication
industry can consolidate and
modernize data centers and base
station.
Nonetheless,
through
moving IT operation from hardware
to software and cloud, it will reduce
the embedded carbon emission and
reduce
physical
infrastructure
reliance.
Electricity: Digital technologies is
transforming how electricity is
generated, transmitted and use.
First, they help improve the overall
energy efficiency by reducing line
loss and optimize the grid’s ability to
integrate more variable renewable
energy without affecting reliability by
accurately
forecasting
and
managing
variable
renewable
supply. They also create an
intelligent grid with multi-directional
electric flow that coordinate the
supply and demand of electricity,
helping
balance
intermittency
issues, mitigate future peak load
challenges, while ensuring reliability.

•

Transportation: In addition to
enabling electric vehicles to
provide flexible load and storage
resources for the power grid,
digital technologies can help
transportation to improve fuel
efficiency
through
route
optimization, smart city planning
and enable autonomous driving
systems. As both private and
public vehicles and transportation
infrastructure
become
more
connected, digital technologies
can help improve mobility and
safety in the long-run while
reducing energy use and related
emissions.

•

Manufacturing: Digital technology
has enabled smart manufacturing
approaches that optimize energy
and resource use and improve
supply chain management through
monitoring energy usage and
carbon emission in real time to
design the optimal strategy. They
also contribute to the improvement
of the speed and accuracy of
regulatory
reporting,
lowering
reporting and verification costs.
Most
importantly,
these
technologies
help
increase
interoperability from laboratory
design to recycling process to
reduce energy and material waste
while boosting productivity.
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Chapter 1 Global Vision of Carbon Neutrality
Environmental Sustainability Challenges
HIGHLIGHTS
•
•
•

As climate crisis becomes increasingly hard to ignore, the world is under intense pressure
to offset the increasing demand of energy.
Digitalization can enable energy transitions and efficiency optimization that contribute to
carbon reduction.
Based on policy opportunities and the embodied benefits of digitalization, carbon
neutrality is set to be fueled by heavy technology involvement.

Issues of Climate Change
The world has observed an alarming
global
warming
pattern,
posing
significant threats to sustainable
development. Since 1880, temperature
has increased at an average rate
of 0.08°C per decade; however, the
average rate of increase has doubled
since 1981. In 2020, the global mean
temperature has raised to 1.2°C above
the baseline, ranked as the secondwarmest year in the 141-year
record.Addressing the issue of climate
change is now characterized as the
most important task of mankind.

the atmosphere much longer and thus
responsible for about two third of the
total energy imbalance. According to
NOAA, the global average carbon
dioxide concentration was 412.5 parts
per million in 2020, representing a
47% increase since the beginning of
the Industrial Age and an 12%
increase since 2000.
Figure 2: Combined Heating Influence from 1980-2020

Figure 1: Annual Average Temperatures Worldwide
From 1901 to 2020

Source: NOAA, Frost & Sullivan

Source: NOAA, Frost & Sullivan

Carbon dioxide resulted from human
activity was responsible for the worsen
state of global warming. Compared to
other GHGs, carbon dioxide stays in

Despite global carbon emission
declined drastically by 5.8% in 2020,
reduction
due
to
movement
restriction and slowdown of economic
activities is only temporary. In fact,
Covid-19 will have little impact on
climate change because the world
still relies heavily on carbon-intensive
fuels. According to IEA, global carbon
emission is expected to rebound by
4

Global Commitments to Carbon Reduction
4.8% in 2021. In the future, driven by
expanding population and prosperity,
the demand for energy will continue to
grow and stimulate global warming to
an unprecedented level.
The effects of widespread warming are
evident in many parts of the world and
are projected to intensify in the future.
In 2021, it includes heavy precipitation
events in Canada, destructive flooding
in Europe and extreme heat waves in
Japan and the United States. According
to IPCC, if the temperature continues to
increase at the current rate, it will result
in
substantial
increase
in
the
occurrence and intensity of extreme
weathers. Sea level rise could be as
high as 2.5 meters above 2000 levels
by 2100, threatening the livelihoods of
people in terms of labour productivity,
housing,
and
infrastructure.
Governments and companies are thus
under intense pressure to optimize
energy structure and boost energy
efficiency to offset the increasing
demand of energy.
Figure 3: Global Energy Structure 2020
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Carbon Reduction Targets
The urgency of the crisis is
increasingly recognised by the world.
With growing consensus to support
global climate agenda, all countries
have committed to Paris Agreement,
holding global temperature below 2°C
above the pre-industrial level, and
ideally below 1.5 °C. More than 150
countries have formally updated their
mitigation targets and over half of
them demonstrate stronger ambitions
to lower human-caused emission,
bringing the total net reduction of
carbon to 3.1 gigatons.
China, the largest emitter of GHGs,
has committed to peak carbon
emission before 2030 and became
carbon neutral by 2060. United
States, although once withdrawn,
rejoined the Paris Agreement and
vowed to reach net-zero by 2050.
United Kingdom and the European
Union have taken these pledges one
step further by committing to cut
carbon emission by 68% and 55% to
their 1990 level respectively by 2030,
putting a concrete roadmap to
accelerate their actions.
Figure 4: Global National Determined Contributions
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Source: NOAA, Frost & Sullivan

Source: United Nations, Frost & Sullivan

5

Pathways to Carbon Neutrality
Global Carbon Emission Gap
Despite massive leap in carbon
reduction targets, the aggregate impact
of the updated targets is limited, and
greater efforts are necessary. To
achieve the 1.5 °C goal, global net CO2
emissions need to decline to 26
GtCO2e by 2030, at about 45% from
the 2010 level, reaching net zero
around 2050. However, according to
United
Nations,
taking
full
implementation of the latest NDCs into
account, the global carbon emissions
are estimated to be around 52 Gt CO2
eq in 2030, leaving a huge gap in
climate actions.
Figure 5: Global Emission Gap from 1990 to 2030

Source: United Nations, Frost & Sullivan

This massive emission gap thus not
only suggests a faster transitions of
energy, but also digitalization in
materials, operational management as
well as design and construction of
infrastructure that, if implemented,
could be a driver of low-carbon
development while creating win-win
situation between stakeholders.

Many
countries
have
already
identified technology that they
intended to use for implementing
adaptation and mitigation actions and
mentioned
their
means
of
implementation in policies. China
specifically mentioned the use of 5G,
big data, cloud computing and
artificial
intelligence
in
smart
manufacturing in “Working Guidance
on Carbon Dioxide Peaking and
Carbon Neutrality”. Japan’s “Climate
Policy Scenarios toward 2050” also
highlights the necessity of driving
digitalization in telecommunication
and the development of green data
center through building 5G and other
green infrastructures.
Nonetheless, governments have also
invested
heavily
into
digital
technologies. The Department of
Energy in the United States has
invested over 20 million dollars into AI
and 5G research, aiming to build an
on-demand
distributed
edge
computing platform to gather, process
and efficiently analyze data and
enables energy reduction. European
Union has also initiated Digital
Europe and Horizon Europe Program
that invest in digital connectivity
infrastructures and AI applications. As
governments are actively engaged in
R&D, digital technologies will prove
critical to driving carbon neutrality in
carbon intensive industries and
enabling a more efficient, resilient
and decarbonized economy.
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Chapter 2 Sectoral pathway to carbon neutrality
Telecommunication
HIGHLIGHTS
•
•

Currently, the telecommunication carbon footprints is stable and insignificant compared to
other carbon-intensive industry but the accerlating internet traffic poses threats in driving
carbon emission in data center and base stations.
The telecommunication sector making significant progress in decarbonizing through
digitalization while also provide powerful technology to enable other sectors to become
more energy efficient.

Telecom Carbon Footprints
For the past decade, the telecom
industry has demonstrated leadership
and responsibility in driving positive
action to achieve carbon neutrality. Due
to continued improvements in energy
efficiency, the carbon emission was
able to offset 15-fold increase in global
internet traffic and remain stable at
around 2% of the global footprints.
Figure 6: Historical Internet Traffic & Carbon
Emission Growth Index from 2010 to 2020

Based on the study conducted by
McMaster University, it is expected
that the industry will consume 20% of
global electricity and emit up to 5.5%
of the world’s carbon emissions by
2025. The rapidly growing demand for
information services has the potential
to drive the energy use to outpace the
efficiency gains that have historically
constrained the total emission. These
trends have clear implications to
improve energy efficiency and
moderate overall energy use.

Reduction targets

Source: IEA, Belkhir(2018),Frost & Sullivan

However, several trends are driving
future data network electricity use.
Firstly, global internet traffic is
expected to double every three years
according to IEA. As mobile technology
becomes more affordable, it will lead to
the expansion of mobile data traffic,
which demands massive build-out of
infrastructure to accommodate.

To accelerate the pace of energy
efficiency gains, the telecom industry
introduce science-based reduction
targets. In compliance with the Paris
Agreement, it requires 45 percent
carbon reduction by 2030 and put
forward trajectories for operators to
set individual targets aligned with the
goal. Regionally, Europe launched the
climate-neutral Data Center Pact that
pledges to make data centers climateneutral by 2030. Nonetheless, China
provides policy recommendations to
decarbonize data center and base
station to limit all data center’s power
usage effectiveness to 1.3 in 2023.
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Together, they encourage operators to
adopt implement actions in boosting
energy efficiency, which is necessary
to align with 1.5 °C trajectories.

Breakdown of challenges and
opportunities in data centers
The exponential growth in connectivity
is propelling demand for data center
service, and most importantly, energy
use that might lead to a higher level of
carbon emission. Datacenter powers
both the information technology
hardware and the cooling equipment to
store, process, and distribute large
amounts of data. The server requires
large amounts of energy for computing,
dissipating heat that must be
continuously removed by the cooling
system, accounting for 40% of the data
center energy consumption. In 2020,
the data center contributes to nearly
1% of global electricity demand,
contributing to 0.3% of all global CO2
emissions. Without measures to limit
overcooling and advancement in
energy efficiency of servers, the energy
use in data center is expected to grow
exponentially along with data traffic.
Figure 7: Forecasted Growth in Data Center Traffic
& Energy Use from 2020 to 2030

Source: Andrae(2020), Frost & Sullivan

However, these challenges can serve
as untapped opportunities. By
introducing newer designs and
innovative technologies, and sourcing
renewable
energy,
digitalization
enables the building of a more
energy-efficient
structure
and
improvement in operational power
efficiency,
both
serving
to
continuously offset the strong growth
in demand for connectivity.
Optimization Architecture
Sensor
Server
visualization

Network
management

Cloud
infrastructure
Control modules

To begin with, open computing
technology gives rise to the building
of modular data centers, a new type
of low-carbon infrastructure. All the
components in the modular data
center are custom-made and set for
tight integration, which translates to
fewer subsystems and more compact
space. Namely, it requires less
cooling power while reducing power
wasted
throughout
traditional
datacenters in transformations and
conversions.
With Software-Defined Data Centers
the
operators
can
reduce
infrastructure burdens and boost
energy efficiency. It uses virtualized
8

servers that can be managed remotely,
thus lessen travel-related emission.
Remote management also eliminates
the need for on-site technician,
reducing
energy
on
operating
temperature and lighting.
Machine learning and AI can be
leveraged to prevent data centers from
going beyond the operating constraints
while
also
ensuring
operational
efficiency. By analyzing the historical
data of temperatures, power, pump
speed
from
different
operation
scenarios to train an ensemble of deep
neural networks, the operators can
build a more efficient and adaptive
framework that understands data
center dynamics.
Then, AI can
automatically gauge fluctuations and
react accordingly. For example, they
can enable cooling systems to adjust
their energy output in real-time as IT
loads change, thus avoiding excess
power usage in the operation process.

euipment, and AI in key links, such as
power supply and distribution, HVAC
systems to monitor the performance
and improve the power usage
efficiency of data centers.

Breakdown of challenges and
opportunities in base station

GREEN DATA
CENTER SOLUTION

As we move into the 5G era, the
challenge of base stations will be
highlighted. The operation of the base
station contributes to 80% of the
energy use in the industry. Since
changes in the output quantity and
surrounding network environment of
each cell affect network data in realtime, it is hard to provide early
warnings of future network traffic
changes, which leads to a significant
waste of energy consumption.
Nonetheless, compared to 4G, 5G
base station has more carbonintensive components such as
millimeter-wave transceivers, fieldprogrammable gate arrays, and
integrated MIMO antennas. Thus, the
shift to a 5G will pose threats to future
network optimization.

The ZEGO green data center solution
proposed by ZTE serves as enabler of
carbon neutrality. It designs to integrate
all the subsystems including cabinets,
base, in-row cooling, power distribution
cabinet, lighting, and management
system in one architecture, which
avoids the mixture of hot and cold air to
improve energy efficiency. It applies
self-developed technologies, advanced

To deal with the above issues, the
digital system based on big data and
AI technology can be used to achieve
intelligent energy saving in different
scenarios. Most importantly, it
achieves
the
optimal
balance
between power consumption and
network
stability.
The
system
automatically sorts out mainstream
scenarios based on big data analysis
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and determines the optimal saving
strategy. Thus, the system can avoid
overlapping coverage areas and waste
in energy by turning elements on and
off pre-emptively rather than waiting for
traffic levels to change before reacting.
The energy-saving model is also
customized and automatically adjusted,
which enable continued optimization of
network.
Nonetheless, the cooperation of cloud
infrastructure and AI in 5G networks
will enable operators to move towards
fully intelligent power systems, with a
more complete view of the network. A
cloud-based system connects base
station,
power
supplies,
edge
infrastructure, backhaul units, and other
equipment across multiple layers.
Energy
efficiencies
are
made
throughout the network by allocating
network
resources
based
on
application needs and eliminate the
need for operators to manually monitor
the performance of network service.

INTELLIGENT BASE
STATION SOLUTION
ZTE has proposed energy-saving
solutions called PowerPilot. The
solution finds the most efficient match
of traffic load and network capacity in a
dynamic way and shuts down parts of
the network that are not utilized while
keeping network capacity adequate yet
minimum to optimize consumption.
Nonetheless, PowerPilot also directs
users to more power-efficient bands to

lower network energy consumption.
To date, PowerPilot has been
deployed in over 900,000 sites
globally and contribute to significant
increase in energy efficiency.

End-to-End Green Solution
To help operators realize achieve
more sustainable growth, ZTE puts
forward GreenPilot, an end-to-end
solution that incorporates SolarMaster,
SmartLi, PowerPilot and iEnergy to
advance energy-saving capabilities in
all scenarios. It enables reduction in
power loss as well as improvement in
the efficiency of both power generation
and network energy use with the help
of AI and other technologies. ZTE has
applied GreenPilot in over 20 countries
and is expected to inspire the world
with their innovative green solution.

Enablement effect of
telecommunication technology
Not only are the operators making
significant progress in decarbonizing,
but they also provide powerful
technology to enable other sectors
becoming more energy efficient. By
allowing remote operations and
maintenance in real-time to reduce
downtime, the telecommunication
industry enables carbon reduction
equivalent to 20% of the reduction
target by 2030 according to GESI.
Momentum is clearly building, and
opportunities will be elaborated on the
following subsection.
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Electricity
HIGHLIGHTS
•

•

Electricity sector remains the biggest emitters as fossil fuels being the major source of
energy. Under Net-Zero scenario, the renewable electricity will contribute to over 60% in
2030, posing huge challenge to electricity industry to adopt rapid transformation in
electricity generation structure.
Digitalization that optimizes energy flexibility while enabling the use of renewable energy
will be the major tool to reduce carbon emission in electricity sector.

Electricity Carbon Footprints
The electricity sector is the major
source of the total global CO2
emissions for decades. Due to Covid19, global electricity consumption
experienced its first decrease since
2009 in 2020, disrupting the steady
growth over the past decade. It is
shown that lockdown and travel
restriction measures have reduced
electricity demand for fossil fuels by
8%. The shift in the source used for
electricity generation can have a
significant effect on the carbon footprint
as the combustion of fossil fuels is
responsible for approximately 40% of
global electricity CO2 emissions. The
apparent climate effect of the reduction
then puts the transition from burning
fossil fuels to using green electricity
generated by renewables at the center
of decarbonization.
Figure 8: Electricity consumption and Carbon
Emission from 1990 to 2020

Source: IEA, Frost & Sullivan

Figure 9: Electricity Generation by source from 1990
to 2020

Source: IEA, Frost & Sullivan

Challenges in Net-Zero
Under Net-Zero Goal, the share of
electricity in total energy use must
increase to almost 50% by 2050, with
renewables making up two-thirds of
energy consumption and 86% of
global electric power generation.
In
2020,
renewable
electricity
generation boosts by 7% and its
share in total generation is only 29%.
According to IEA, based on 2020
level, renewable power generation
needs to continue expanding almost
12% annually over the next decade to
meet the Net Zero requirement.
Therefore, faster deployment of all
renewable technologies will be
indispensable in driving the shift in
energy source and reduce emissions.
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Figure 10: Percentage of Renewable Energy in total
Energy generation under Net Zero Scenario

Source: IEA, Frost & Sullivan

Carbon Neutrality in Energy Sector
As
carbon
neutrality
campaign
accelerating energy transformation, it
revels several issues in low utilization
efficiency and limit level of renewable
energy in energy system. Traditionally,
transmission and distribution lead to
some losses in electricity as it moves
from the point of generation to the enduser. As the demand for electricity
grows, the aggregate line loss will
become significant and responsible for
the slowdown of carbon neutrality. In
energy system, electricity energy is not
only the main terminal, but also an
important medium of other energy
utilization. However, The traditional
power system can't meet the needs of
massive renewable energy connected,
so digitalization must be used to
support the efficient utilization of
energy.
In this sense, 5G network slicing will be
used as a key factor of production to
streamline information about power
generation, power grids, loads, and
power storage. It enables distribution
automation that monitors the operating

status of the power distribution
network, detecting any fault in the
network and reallocate power supply
to in other areas in real-time.
Nonetheless, AI allows for power grid
balance and energy consumption
analysis, which enables stronger
resource allocation capacity to
support the access of large-scale
renewable
energy
generation.
Admittedly, the intermittent and
volatility
of
renewable
energy
generation will affect the stability of
the grid. With deep learning, the grid
can
accurately
forecast
the
generation of renewable energy, thus
proving a stable and efficient
operation of the power system.

SMART GRID SOLUTION
The 5G slicing-enabled private
network provided by ZTE serves as
an example of how 5G-enabled smart
grid can contribute to carbon
reduction in power generation,
transmission,
transformation,
distribution, and consumption. By
leveraging low latency and jitter, it
provides differentiated service for
power grid services in different
security areas that aligned with their
specific demands. Nonetheless, the
system uses intelligent scheduling
control and traffic offloading to
maximize the energy efficiency and
reduce carbon emissions.
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Transportation
HIGHLIGHTS
•
•
•

Covid-19 disrupts the continued increase in transportation carbon emission for decades.
However, the reduction will not be sustainable as demand for carbon-intensive fossil fuels
will soon rebounds after recovering from pandemic impacts, leaving huge gap between
expected emissions and emission target under Net-Zero Scenarios.
Digitalization that increases efficiency and accelerates will be critical in meeting the
emission trajectory.

Transportation Carbon Footprints
The transportation sector generates the
second-largest share of greenhouse
gas
emissions.
Historically,
transportation accounts for over 20% of
global greenhouse gas emissions,
which continues to rise at an increasing
rate. Although the travel restrictions
and lockdowns in 2020 have brought
significant declines, accounting for a
nearly 10% reduction in 2019 level, the
carbon emission from transportation is
expected to rebound as economic
activity resumes. Nonetheless, fossil
fuels constitute over 98% of the energy
consumption in transportation while
electricity only makes up for less than
2% in 2020, underlining issues in its
reliance on carbon-intensive energy.
Figure 11: Global Emission of transportation industry
from 1990 to 2020 & Energy Consumption in 2020

Source: IEA, Frost & Sullivan

However, the decarbonization in the
transportation industry still faces
several obstacles. First, the obvious
easily accessible source, biomass, is
limited, and second, the growth in
populations and income will lead to
higher car ownership, expanding
demand for transportation and carbon
emissions. According to IEA, it
expects global transport to double,
car ownership rates to increase by
60%, and demand for passenger and
freight aviation to triple by 2070. As
the result, the carbon emission in
transportation industry is projected to
reach 8.02Gt in 2030, with more than
70% emissions resulting from road
subsector, indicating a faster growth
rate after recovering from pandemic
impacts.
Nonetheless, the forecast underlines
a
huge
discrepancy
between
expected emission and Net Zero
Scenarios. Under Net Zero, the total
emission is required to achieve 20%
reduction by 2030. Bridging the gap
will then require operational and
technical energy efficiency measures
to reduce the carbon intensity of all
transport modes.
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Figure 12: Transportation Emission Gap in 2030

Source: IEA, Frost & Sullivan

Transport Decarbonization
To meet the emission trajectory,
digitalization is critical in increasing
efficiency and accelerate electrification
to stem transport emissions while
optimizing driving experiences.
5G allows for vehicle-to-everything that
improves operation efficiency. By
leveraging
expanded
bandwidth,
reducing
latency
for
real-time
communications,
and
enhancing
reliability,
5G
enhances
the
communications capacities of vehicles
and allows for predictive driving
scenarios such as green light optimal
speed advisory and traffic jam ahead
warning, which reduces commute
times as well as carbon emissions.
Moreover, edge computing advances
public
transport
management.
Specifically, the allocation of vehicles
to different routes can be modified to
better respond to fluctuating demand,
or the sequences of traffic lights.
Potential modal shift from car trips to
public transportation will then be
achieved to ensure reductions in
emissions from cars.

Soon the integration of AI will further
advance smart driving to meet up
with the demand for autonomous
driving. It allows the vehicle to react
to changes in the road surface,
weather, traffic conditions, and
intended actions of other vehicles,
which avoid unnecessary idling on
roads.
Digitalization is also key to enable the
expansion of vehicle electrification.
Digital twins allows manufacturers to
optimizing EV performance through
physically validate architecture. It also
enables them to virtually assess the
performance of the vehicle’s battery,
motor, and power electronics and
explore the balance of performance
attributes, such as drivability, range,
and aerodynamics. The advancement
in design will then promote the
deployment of more electric vehicle
that contribute to the decarbonization
in transportation.

SMART CITY SOLUTION
“Guangzhou 5G Pilot City” project
launched by ZTE provides a
reference of smart city solution. The
project features innovative 5G
applications in high-speed railway,
subway, bus, road administration and
the Internet of Vehicles. It can select
the optimal travel routes and reduce
invalid mileage, actively adjust
congestion, reduce idling and lowspeed high energy consumption
scenarios.
14

Manufacturing
HIGHLIGHTS
•
•

The growth in energy consumption in the manufacturing sector is mainly driven by the
long-term trend of continued growth in production in energy-intensive sub-sectors.
Digitalization has brought new opportunities to the manufacturing sector to achieve
carbon neutrality as it can help improving resource efficiency, preventing downtime,
strengthening production accuracy and eliminating waste that contribute to huge
reduction in carbon emissions in every stage of manufacturing

Manufacturing Carbon Footprints
The manufacturing sector is the third
largest sector and responsible for 20%
of the global carbon emissions. This
implies an annual growth in energy
consumption of 1% for the past
decade. The growth in energy
consumption is mainly driven by the
long-term trend of continued growth in
production
in
energy-intensive
subsectors such as chemicals, steel,
cement, and paper, and aluminium.
Figure 13: Global Emission of Manufacturing
industry from 1990 to 2020

Source: IEA, Frost & Sullivan

Regionally, the manufacturing sector
emits a total of 880 million tonnes of
carbon dioxide equivalent per year in
Europe, making it one of the continent's
largest emitters of greenhouse gases.
Therefore, manufacturing sector must

assume a significant share of
responsibility for its greenhouse gas
emissions.
However, reducing carbon emissions
from manufacturing is difficult for
technical reasons. Firstly, according
to World Economic Forum, 45% of
CO2 emissions from raw materials
cannot be reduced by changing fuels
and can only be reduced by changing
processes in the future. Secondly,
35%
of
emissions
from
the
manufacturing sector come from
burning fossil fuels to generate high
temperature heat. Reducing these
emissions by switching to alternative
fuels such as zero carbon electricity
is difficult as it requires significant
changes to the design of the furnace.
Thirdly, industrial processes are
highly integrated, so any changes to
one part of the process must be
accompanied by changes to other
parts of the process. Finally,
production facilities have a long-life
span, usually over 50 years, and are
regularly maintained. All of these
issues contribute to heavy reliance on
fossil fuels and contribute to the
increase in carbon emissions.
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Manufacturing more efficiently
Digitalization can impacts every
stage of manufacturing
From laboratory design to recycling,
digitalization can help improving resource
efficiency, preventing downtime,
strengthening production accuracy and
eliminating waste that contribute to huge
reduction in carbon emissions

1
2
3

Product design
Virtual Experimentation

Digital Twins

Manufacturing

Smart Sensors

Operating

Industrial
Robot

4

Recycling

Cloud platform for
resource recycling

Digitalization accelerate innovation in
the manufacturing industry. Through
digital twin, company can accurately
simulate the impact of changes to
existing production processes by
replicating a real factory virtually.
When combined with AI or machine
learning, digital twins can enable
virtual
and
autonomous
experimentation,
which
greatly
increases the industry’s ability to
innovate as it avoids the costs
associated with using physical plants
for testing. For example, chemical
manufacturers have reduced batch
times
to
produce
expanded
polystyrene, which lead to significant
energy savings.
Nonetheless, the introduction of
smart sensors reduces unnecessary
scheduled maintenance, costs of part
replacements, and the potential for
business downtime. It monitors
parameters ranging from operating
conditions to equipment status and
identifies system inefficiencies and
develop operation and maintenance
plans to reduce downtime by
predicting equipment failures. Most
importantly, using 5G’s increased
speed and bandwidth, it enables
virtual reality and augmented reality
to allow on-site teams to conduct
design
reviews
and
oversee
manufacturing processes, which help
them troubleshoot equipment or even
take corrective action in emergency
situations.
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Furthermore, industrial robots and 3D
printing can be leveraged to improve
manufacturing accuracy and increase
production efficiency. Industrial robots
are carbon-free equipment and can
replace
many
carbon
emitting
machines in material handling. On the
other hand, 3D printing allows to
produce plastic and metal parts on
demand and layer by layer directly from
digital 3D files. By doing this, 3D
printing generates less waste by using
only material necessary for the product,
eliminating completely the process of
drilling, cutting, and milling. Thus, 3D
printing reduces the overall energy
waste and results in smaller footprints.
Digitalization can also contribute to the
reuse and recycling of materials.
Specifically, by building cloud-based
collaboration platforms, it allows
companies to exchange information
about available surplus raw materials,
industrial by-products and waste,
reducing life-circle carbon emission. As
one of the major resource regeneration
industries,
cloud-based
recycling
platform can help solve the resource
shortage and carbon emission problem,
ensuring sustainable development.
By accurately measuring and managing
operational activities in the factory,
digitalization addresses a large part of
the emission challenge and offer
significant advantages in terms of
improving productivity, quality and
efficiency across all manufacturing
segments.

5G-ENABLED
INTELLIGENT FACTORY
ZTE has demonstrated the possibility
of deploying 5G in their production
lines and turning their manufacturing
plants into an intelligent workplace.
The solution includes applications
such as 8K high-definition smart
monitoring, 5G+AI machine vision for
defects detection and 5G wireless
data information collection.
Particularly, with the adaptation of
AR, it enables remote guidance for
work, training and repair functions
and eliminate the need for physical
presence on sites, which contribute to
the reduction of energy in lighting.
Nonetheless, smart monitoring also
allows for real-time quality assurance
inspection that controls product
standard from raw material to finished
goods.
As the result, it avoids the energy
waste for excess production and
contribute to a greener and intelligent
future. For instance, the “SANY 5G +
Intelligent Manufacture” pilot, Smart
Factory in Xinfengming Group and
other 5G Intelligent Manufacturing
Practices carried out by ZTE all
showcase how 5G could be applied
to substantially increase production
management capabilities, production
efficiency, and product quality
significantly.
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Chapter 3 Charting a way forward
Long-term opportunities for a faster energy transitions
HIGHLIGHTS
•
•

As demonstrated in this white paper, digital technologies can reduce the energy
consumption of data centers and base stations, boosting efficiency in the power grid, and
enabling the use of renewable energy.
In the future, emerging digital technologies will continuously offer particular promise in
accelerating the results of active response to climate change and provide long-term
opportunities for a faster energy transitions

Conclusion
As climate change is taking its toll, it is
time to engage in more robust
measures of energy transitions to avoid
the irreversible impacts that will lead to
an uninhabitable planet in the
foreseeable future. Digital technologies,
such as 5G, AI, and IOT, in particular,
already play a role in addressing some
challenges related to climate change.
While telecommunication operators are
partly responsible for contributing to
climate change, they have also shown
some potential in monitoring climate
change, mitigating and adapting to its
impacts. As demonstrated in this white
paper, digital technologies can reduce
the energy consumption of data centers
and base stations, boosting efficiency
in the power grid, and enabling the use
of renewable energy. They are also
relieving traffic congestion in urban
areas, significantly reducing emissions
in cities. Nonetheless, their ability to
collect and analyze in real-time have
proven to be key to building responsive
early warning systems and reducing
unnecessary scheduled maintenance,
thus avoiding large amount of carbon
emission.

Emerging digital technologies will
continuously offer particular promise
in accelerating the results of active
response to climate change and
provide long-term opportunities for a
faster energy transitions, through the
following aspects.
Intelligence platform driven by
real-time data: Digital technologies
becomes the core of next productivity
and
efficiency
step-change.
Specifically, 5G provides reliable and
low latency network enabling realtime data collection and processing.
On the other hand, AI processes the
vast amount of historical and realtime energy data, analyze that data to
generate predictive insights and drive
proactive actions that improve
efficiencies. It gives rise to predictive
analytics that optimize energy
efficiency and renewable energy use.
As energy demand rises postpandemic, greater efficiency can also
help meet that demand in a way that
does not further increase emissions.
Assess deployment
scenarios
against
grid
system:
digital
technologies is expected to disrupt
18

the existing energy modelling that
ignores distribution grids and overlooks
the potential for them to act as a
source of grid flexibility and become
valuable participants in the grid
management process. With the
adaptation of IOT, they would will get a
better understanding of how intelligent
grid can support the energy transition,
and lead to a more informed decision
on infrastructure investments such as
grid extension and modernization, or
the deployment of new, centralized
power generation units to reduce
energy demands and accelerate
renewable uptake.
New business model accelerated by
digitalization: The potential impacts of
climate change access to more
granular data, combined with advanced
analytics capability have give rise to a
new type of business models that helps
reduce carbon emission. It allows
digitally enabled companies to more
accurately quantify the environmental
benefits their solutions bring to
customers. This can also help speed
the development of new products and
services that meets sustainability
objectives. Digital tools and platforms
can ease and accelerate the energy
transition by facilitating efficiency and
demand-side flexibility. At the same
time, digital technologies help creates
new business opportunities and
revenue streams for energy service
providers, while helping consumers to
better understand their energy use and
lower their bills.
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Appendix
Glossary
UN

United Nations

NOAA

National Oceanic and Atmospheric Administration

GHG

Greenhouse Gas

IEA

International Energy Agency

IPCC

Intergovernmental Panel on Climate Change

NDCs

National Determined Contributions

R&D

Research & Development

GESI

Global Emissions Systems Inc

4G

Fourth-Generation Mobile Communications

5G

Fifth-Generation Mobile Communications

IOT

Internet of Things

AI

Artificial Intelligence

IT

Information Technology

CO2

Carbon Dioxide

EV

Electric Vehicle
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