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Climate change is one of the most challenging problems that humanity has ever faced. With the rapid development in
technology, a key feature of 5G networks is the increased level of connectivity between everyday objects, facilitated by
faster internet speeds with smart facilities indicative of the forthcoming 5G-driven revolution in Internet of Things (IoT).
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| 1. Introduction

Currently, the entire planet is at risk due to continual climate change 28], The recorded increase in average temperature
across the world in the past hundred years, and the associated changes attributed to this, are known as global warming.
Many scientists are convinced by the published evidence that this change is anthropogenic and resulted from the elevated
emission levels of global greenhouse gases (GHGs) 45, Gases such as water vapor, carbon dioxide, methane, nitrous
oxide, and ozone are responsible for the absorption and emission of thermal radiation. These changes in the relative
guantities of the GHGs induce a proportional change in the amount of preserved solar energy. Presently, the accepted
indicator for global warming is the sustained rise in the mean temperature worldwide. This definition is designed to
account for the fact that there may be some localized exceptions to this rise. For example, there may be cooling
experienced in a region while the global temperature may increase altogether, hence the need for average temperature. A
key concern with the GHGs trapping of more heat in the atmosphere is that it affects both climate and short scale weather
patterns. Consequently, it results in greater numbers of adverse weather events such as storms, heat waves, cold snaps,
droughts, and fires [8l. Climate-related risks to health, livelihoods, food security, water supply, human safety, and economic
growth are projected to increase with global warming of 1.5 °C I and further increase further at 2 °C, as shown in Figure
1. In addition, the risks to global aggregated economic growth due to the climate change impacts are projected to be lower
at 1.5 °C than at 2 °C by the end of this century.
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Figure 1. Recorded and expected global warming from 1960 to 2100 [Z.

Carbon dioxide has the most substantial effect on global warming &. Although it was once assumed to have an ~100 year
lifespan in the atmosphere, careful studies revealed that the situation is far worse, with three-quarters of the gas expected
to remain for a time in the region of up to ~1000 years, with the remainder lasting for an indefinite period of time [, It was
indicated that the present impacts of humanity on the atmosphere can certainly cause a long term problem 9. Carbon
dioxide is released when oil, coal, and other fossil fuels are burnt for the energy we use to power our homes, cars, and
smartphones. By lessening its usage, we can curb our own contribution to climate change while saving money. The first
challenge is eliminating the burning of coal, oil, and, eventually, natural gas. Oil is the lubricant of the global economy as it
is hidden inside such ubiquitous items as plastic and corn, fundamental to the transportation of both consumers and
goods. Coal is the substrate, supplying roughly half of the electricity worldwide, a percentage that is likely to grow
according to the International Energy Agency (IEA). In fact, buildings contribute up to 43% of all the greenhouse gas



emissions worldwide 1, even though investing in thicker insulation and other cost-effective as well as temperature-
regulating strategies can save money in the long run. Investment in new infrastructures, or radical upgradation of the
existing highways and transmission lines, may help to reduce greenhouse gas emissions, yielding economic growth in the
developing countries.

Nations across the globe have kept very high targets to reducing their GHG discharges 1213l |n order to meet these
goals, considerable reductions in city energy usage is required. At a global scale, urban communities represent over half
(55%) of the population, which is predicted to reach 68% by the middle of this century 24l Urban areas claim ownership of
the highest levels of energy use, gas emission, and also the largest local economy. As such, it is crucial for urban areas to
reduce their consumption and utilize renewable sources wherever available to reduce their gas discharge levels. Smart
cities often utilize digital sensors to measure and transmit data about the levels of GHGs in the city at that moment, as a
means of tackling them 221, The efficacy of such a system is thus reliant on the network used to collate and analyze the
data collected as an extant network. The mobile telecommunications networks offer a convenient solution to this desire,
as their pre-existence has the clear benefit of reducing costs compared to the design and implementation of a novel
system. It is recognized that smart cities will certainly act as the key players meeting these ambitious targets 187 |n this
study, we focused primarily on the potential applications of 5G network technology to control climate change in Singapore.
In addition, a clear overview of the sustainability benefits of introducing 5G technology compatible smart cities, buildings,
and farms in all aspects of urbanization is provided. Herein, the main purpose is to tackle the negative outcomes
associated with anthropogenic climate change, with a particular focus on the contributions that are best made by the
telecoms network operators.

Climate change is one of the most challenging problems that humanity has ever faced. Presently, hundreds of millions of
lives, innumerable species, entire ecosystems, health, economy, and the future habitability of this planet are at risk.
Fortunately, climate change is solvable, we just need to wisely exploit the existing technologies and sciences. Climate
change mitigation is a pressing international need in which many management actions are required. The development of
5G technology has been largely driven by smart mobile devices and advanced communication technologies. It may thus
serve as a technical enabler for a whole new range of business opportunities, energy, and facilities management, together
with industrial applications. Moreover, it may enable different devices to work together seamlessly. Definitely, the 5G
cellular network technology is expected to revolutionize the global industries with profound effects on the savings of
energy, waste generation and recycling, and water resources management, thus reducing the climate change impacts.

Motivated by the requirement of the smart cities to control climate change and reduce their global greenhouse emission,
this paper aimed to guide the stakeholders in the infrastructure and construction industry to adopt a better path with the
proper use the 5G technology to address the climate change issues. In addition, it may inspire the researchers’ thinking in
the technology industry for future advancement of Singapore through collaboration trends of different industries. This
paper also analyzed how 5G networks can help to overcome the challenges posed by the current wireless networks in
implementing smart energy, water resource, risk, economic, and waste management solutions. Figure 2 illustrates the
potential applications of 5G technology to reduce greenhouse gas emissions and climate change impacts. It discusses
climate change, the advantages of 5G networks, and the main drivers of smart management. First, various climate
change risk factors and various benefits of 5G networks for smart management are explored. Finally, the paper is
concluded followed by some recommendations for further research and development within this field.
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Figure 2. Applications of 5G technology for reducing the climate change impacts.

| 2. Climate Change Risk Factors

Climate change has several implications for the environment and public health. It has been inferred that the rise in the sea
level will adversely affect millions of lives 8l Higher concentrations of carbon dioxide are due to the excessive use of
fertilizers for increasing crop yields. In fact, increases in the number of chemicals used have considerable economic and
environmental consequences, especially the water table beyond their natural state 2. Problems related to pest and
disease control in the agricultural settings can affect the moisture—temperature balance 29, Generally, it is recognized that
both temperature and an appropriate level of moisture can overcome such a problem. A rise in the global average
temperature implies that equatorially confined problems are expected to be seen more regularly further to the north and
south. In short, climate change is associated with the (i) variability of rainfall patterns; (ii) changes in water levels in the
lakes, rivers, seas, ponds, streams, and groundwater; (iii) frequency of storms and droughts; (iv) increased desert
encroachment; (v) excessive heat. In fact, all of these have serious implications on the environment and public health.

In the United States, a government report shows that the climate is constantly changing, wherein further human activities
will lead to many more changes. These changes will affect the sea levels, drought frequency, severe precipitation, and so
forth. The Climate Science Special Report was created by a United States government organization for coordinating and
integrating the federal research data on the global environment changes and their implications for the society. It also laid
out the current state of science relating to climate change and its physical effects 2. This report has assimilated
numerous data on the rise of surface water level; atmospheric and oceanic temperatures; melting glaciers; diminishing
snow cover; shrinking sea ice; rising sea levels; ocean acidification; increasing intensity and frequency of rainfall,
hurricanes, heat waves, wildfires, and drought. It meticulously outlined how these effects can largely be traced back to
human activities and associated emissions of potential GHGs as well as particles. Underlying the report is a broad
scientific consensus which indicated that the farther and faster the Earth system is pushed toward more changes, the
greater the risk is of unanticipated effects wherein some of them are potentially large and irreversible. It is expected that
drought may plague the western United States for decades to come as well as Atlantic and Pacific hurricanes that could
be even more violent [22. Briefly, the report showed that our current emission trajectories may bring our planet into a very
different climate state than it is today, with profound effects on the United States.

In many regions of the European countries, extreme weather and climate-related hazards such as heat waves, floods, and
droughts will become more frequent and intense. This will have adverse impacts on ecosystems, economic sectors, and
human health. Therefore, the risks minimization due to global climate change requires various targeted actions for
adapting to such climate change-related impacts in addition to the remedial measure to reduce the GHG emissions.
Adaptation must be tailored to the specific circumstances in different regions and cities of Europe. Climate change affects
the agricultural systems in complex ways. In fact, the increase in the atmospheric CO, concentrations, temperatures, and
changes in the precipitation patterns including the drought conditions can significantly affect the quantity, quality, and
stability of food production. Although the food security in Europe is not expected to be at risk, the cascading impacts of
climate change from outside Europe may further affect the agricultural income and price levels in Europe due to the
alterations of trade patterns 231,

Climate change has already affected the conditions in Singapore with a mean temperature rise from 26.6 °C to 27.7 °C
during 1972—-2014 24, Sea levels have also shown annual increases of 1.2—1.7 mm in an equal timeframe (1975-2009).
Increased annual rainfall has lately became a grave concern, wherein a rise from 2192 mm to 2727 mm across the span
1980-2014 has been observed. The north of Singapore in 2001 witnessed the impact of the first ever equatorial typhoon,
Vamei, causing widespread localized flooding. The opinions about this typhoon are divided on the likelihood of repetition.
The low altitude nature of the city state ensures that rising sea levels present the greatest threat to its future, with 30% of
the city lying less than 5 m from the waterline and much of the rest within 15 m. More frequent changes in the local
weather patterns can also hamper efforts of supplying potable water, as both droughts and excess rainfall are liable to
either empty or overwhelm the current systems. It is also recognized that an average temperature rise in the range of 1.5—
2.5 °C may be likely to have a significant negative impact on the biodiversity of both flora and fauna, endangering multiple
species and potentially damaging the ecosystem’s ability to counter the effects of climate change. The location of
Singapore is firmly within the region where vector-borne diseases are locally prevalent during the warm season, which
may happen concurrently with heat related afflictions in the elderly and infirm. In addition, it is found that urbanization
increased the local temperatures due to its ability to produce and store heat in buildings and infrastructures.
Consequently, a demand for a higher prevalence of cooling technologies such as air-conditioning units and associated
energy burdens is likely, thereby increasing the release of GHGs. At a wider scale, since Singapore is reliant on global



imports for the vast majority (>90%) of its food provision, distant climate change effects on the food production may still
have a knock-on effect.

3. Benefits of 5G Technology Applications against Climate Change-
Related Risk Factors

The latest version of the digital telecom technology called 5G networks was released to the general public in 2018 and,
since then, it has seen global implementation. Although it primarily aimed to provide higher rates of data transmission, the
emergent network is rapidly becoming the tool of choice for the inter-communication needed within the greater IoT
ecosystem because it offers appropriate cost, delay, and speed. Figure 3 depicts the eight key requirements of 5G
network technology [23. A key feature of 5G technology is the increased level of connectivity between everyday objects,
facilitated by faster internet speeds with smart facilities indicative of the forthcoming 5G driven revolution in 10T. This
technology offers impressive levels of robust and dispersible connectivity across the entire globe wherein the key design
features such as low latency and high transmission rates 28 ensure the possibility of instantaneous processing between
multiple locations. In brief, this allows the implementation of new ideas that were not previously possible with its
predecessors. At present, the concept of 10T is well known &4, describing the smart devices that are restrained to perform
a specific or limited subset of tasks compared to a general device such as a smartphone or computer. Easily recognizable
examples of I0T in practice include security cameras, central heating controllers, and white goods.

sos9icsunis Y

5G technology

- ;
: = o = -
1 millisecond latency s driven by [ :Eﬂ_: § coverage
: Ym?

specification
requirements

t 1000x :_.J\ per unit area

=* 5 o1 100X

Figure 3. Specification requirements of 5G technology [23.

Today’s smart city is an enabling platform that delivers advanced services for its businesses and residents, providing a
better quality of life for all (28], Network infrastructure is critical for realizing this potential. Defined by its high-speed, low-
latency data transmission, and ubiquitous connectivity, a well-planned infrastructure transforms the cities into vibrant
socio-economic communities. The Internet of things (IoT) is utilized as a part of the smart city through instantly collating
data that can be used to rapidly and cheaply adapt the public systems in response to demand fluctuations. The
ecosystem of a digital city is one that operates through the interplay of multiple congruent networks, each serving as a
distinct element of the conurbation, such as mobile devices, cars, white good, sensors, or communication gateways.
Current estimates of 10T take-up suggest that 5G technology will be responsible for 75 billion interconnected devices by
the end of 2025. These devices are expected to generate enormous data that can be used by the public sectors to guide
their policy developments in a way that offers the best results for participants. This system is generally termed as
“Massive loT” infrastructures. In addition, 5G technology will usher in a new era of smart energy management, smart
houses, smart farms, smart buildings, and much more (Figure 4) 29, Therefore, 5G cellular networks will be more
densely connected and will be the main catalyst for 10T innovation and technologies, contributing to more sustainable
cities.
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Figure 4. Effect of 5G technology on sustainability of cities and climate change control 22,

The creation of smart cities strongly depends on the increased use of 5G networks, with the cities around the globe racing

to improve all aspects of their governed realms through the social, monetary, and environmental gains offered by this

technology. Furthermore, 5G network offers the basis for the next generation of technology to be built upon. The reasons

why 5G is appropriate for the smart solutions to city management are primarily due to its enormous computing capacity

and extent of connectivity. The use of new technology can be highly effective to improve energy, waste, water resource,

traffic flow, and parking management. The end result is that a house, farm, factory, building, and city can be more efficient,

termed as smart management. Overall, it may greatly reduce carbon dioxide emissions and climate change problems.
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