88 Electronics, Communications and Networks
A.J. Tallén-Ballesteros et al. (Eds.)
© 2024 The authors and 10S Press.

This article is published online with Open Access by 10S Press and distributed under the terms
of the Creative Commons Attribution Non-Commercial License 4.0 (CC BY-NC 4.0).
doi:10.3233/FAIA231180

ICT and Renewable Energy: A Novel
Concept for Big Data Storage Centers

Ximei LIU?, Zahid LATIF®!, Funiu CUI?, Xiangzhi Guo?, Shahid LATIF®,

Daoqi XIONG*

“School of Economics and Management, Zhejiang Sci-Tech University, Hangzhou,
Zhejiang, China

b Beijing University of Posts and Telecommunications (BUPT), Hadian District, 10,

Xitucheng Road, Beijing, China
¢ Sarhad University of Science and Information Technology Ring Road Campus,
Peshawar, Khyber Pakhtunkhwa, Pakistan
4 Project Manager, Hangzhou Ly an Digital Technology Co., Ltd, Hangzhou, China

Abstract. The tremendous growth in technology is also the cause of global warming,
which is harmful greenhouse gas Emissions. The information and communication
technology (ICT) sector is one of the fastest-growing industries; it has the most
significant impact on almost all other technologies. Energy efficiency and reduction
of global warming is now a wish and realization by all key players related to this
technology. The big data is one of the modern tools of ICT. It not only has a range
of energy efficiency, but it can also help other departments to become intelligent
energy efficient. This research article proposes several ways to achieve the
mentioned goal, like optimization of battery size, overcoming uncertainties in
energy generation, and overcoming storage and consumption. In a green data
warehouse, the energy supply from renewable energy sources and the user traffic
load are dynamic. The big data industry is also aware of the potential benefits of
renewable energy to make the future more environmentally friendly and sustainable.
The research progress of big data storage solutions is reviewed in this paper.
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1. Introduction

In the 20th century, human beings have seen unprecedented development in information
and communications technology (ICT) compared to the previous centuries. In the 20th
century, humanity discovered the sky, took footsteps on the moon, and launched
spacecraft in the solar system. From conventional messaging, we can send pictures,
videos, and texts across the globe in a few seconds. Every aspect of our lives, including
health, medicine, transport, construction, acrospace, earth sciences, and psychology, has
observed exponential technological advancements. This evolution of technology has
been feasible due to the easy availability of electrical energy [1]. The rise of electricity
escalates the technology-based growth that runs on electric power [2]. Currently, the
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system dependent on technologies is dependent further on electricity and, consequently,
consumes a considerable amount of electric power. The operating system of present-day
smartphones has more computing power than the computers that launched the first man
on the moon. And with every coming day, the size is more innovative and cheaper
according to Moore's law; it is the result of the exponential growth of technology in every
aspect of life [3].

Due to the increasing demand for technology in our everyday lives, the need for
energy has exponentially increased. In this regard, the global energy demand will
expectedly increase by 30% from the present-day market, with an average increase of
1.4% per year [4]. Currently, the three primary fossil fuels, oil, coal, and natural gas, are
used for energy production and contribute almost 80% of total energy production. In
contrast, the rest of 20% are produced from hydro, nuclear, and renewable resources [5].
Hence, most technology depends on electricity, and electricity generation is the main
requirement for technology to sustain growth. For example, large ICT companies such
as Microsoft consume around 27 MW of electricity at any given time [6].
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Figure 1. Global electricity production from different fuel sources.

According to International Energy Agency (IEA) statistics, the primary sources of
electricity generation are fossil fuels, in a ratio shown in Figure 1. The most common
power used for electricity generation is coal, which contributes around 41% of the
world's electricity generation. According to the IEA, the global age of electricity was 2
TW, while the energy consumed to generate 2 TW was approximately 5 TW, having
38% efficiency of a typical power plant [7]. In renewable energy sources, the new gas-
fired plants increase the efficiency by up to 55% compared to conventional sources. The
quest for electricity increased day by day to advance technology and improve the living
standards of people. Some authors conclude that the nexus between electricity and
growth is directly related to a country's economic prosperity, urbanization ratio, and
supply risks [8].

More or less, all sectors of industry and technology, including construction,
aerospace, and mining, farming, and ICT sectors consumed energy generated. It is now
a hot and alarming issue globally, as indicated by the famous World Energy Department.
In this regard, the US Department of Energy reported in "International Energy Outlook
2007" that industrial sectors such as mining, construction, agriculture, and manufacturing
consume around 37% of total energy [9].
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Therefore, energy efficiency and sustainability are the core issues, and the majority
of the research is going on today. The main goal is to make a world where technology
becomes more efficient and sustainable and has minimum adverse effects on climate
change [10]. Luckily, ICT has the capacity and could play a vital role in fulfilling both
the above-recommended actions and can make the current system infrastructure energy
efficient and more innovative in making sure of the utilization of renewable energy at
micro and macro levels.

The paper is organized as follows: Section 2 contains a literature review. Section 3
has a renewable energy description, and section 4 elaborates on the study results. Finally,
section 5 concludes the research paper.

2. ICT Smarter Initiatives

The ICT sector, like other energy sectors, has a vital role in global warming via CO,
emissions [11]. ICT contributes to CO, emissions both directly and indirectly via other
sectors where ICT supports businesses in different service sectors [12]. The main
contributors of energy consumption in the ICT sector are data centers and wireless base
stations (BS), and a report published by Gartner in 2007 depicts that the ICT sector
contributes a total of 2 percent to global warming the world, which is significantly less
in comparison to other service sectors [13]. ICT and its applications act as enablers for
different sectors such as construction and transportation; resultantly, ICT is not only
smart itself, but it also helps other service sectors become more innovative and energy-
efficient [14]. It was reported various internet surveys stated that many organizations and
foundations, both in public and private sectors in North America and Europe, are trying
to utilize ICT to help other technologies become energy efficient and greener. Similarly,
in emerging and developing countries, there are enormous prospects for the development
of green ICT and its applications [15, 16].

2.1. Greener ICT Sector by Reducing Own Energy Consumption

The ICT sector consists of three sub-sectors, i.e., the telecommunication and device
sector, Personal computers, laptop sector, and data centers. The usage and energy
consumption of all the three sectors have increased gradually during the previous few
decades due to the wide spread of computers in houses, offices and every working place
and the massive increase in mobile connections and mobile broadband as well as a huge
amount of data storage, resultantly, there was estimated Co» emission in 2007 recorded
0.83 Gt. It is estimated to be increased in 2020 to 1.43 Gt [17]. Figure 2 shows the share
of all three ICTsub sectors in the emission of CO;, which is 31% for telecom, 40% for
PCs, and the rest of the 23% emitted by data centers.



X. Liu et al. / ICT and Renewable Energy: A Novel Concept for Big Data Storage Centers 91

Wireless

Mobile

Telecom

Fixed Line

Data
Centers

Figure 2. Green House Gases distribution among ICT elements.

The ICT sector can be energy efficient until and unless this sector is more intelligent;
for this purpose, Google built a data center on Oregon's Columbia River to tap
hydroelectric power; Microsoft also implemented Washington for the same reason.
Moreover, HSBC is working to develop a data center near Niagara Falls. In Wyoming
(United States), the US is building data centers for cheap electricity from coal [18]. The
ICT sector can reduce carbon emissions by adopting innovative measures that conserve
energy and mitigate carbon. The ICT sector has become more intelligent by adopting the
following steps properly.

o Standardization of energy measurement approaches, which shows how much
energy is being consumed.

Monitoring of energy consumption via sensors and meters across the board.
Accounting of energy at every small and single node where it is dissipated.
Constant innovations for smaller and energy-efficient equipment in ICT sectors.

The ICT sector becomes an example for other sectors regarding low carbon
emissions.

The Greener ICT program was first established by the US Environmental Protection
Agency (EPA) in 1992 by launching "Energy Star" to raise awareness of energy
efficiency and climate change. After that, many initiatives have been taken by both public
and private organizations to make ICT green. The "Green ICT Standard" is an
international foundation regulating green technology standards based on professional
programs. Moreover, some other projects that make ICT green include European
"EARTH" called Energy Aware Radio and Network Technologies), International "Green
Radio" projects, and Global e-sustainability Initiatives (GeSI).

2.2. ICT Support to Other Sectors

CO; emissions demand rise due to increase in global demand for services and products,
with the help of smarter ICT sector these can be reduced up to 5 times less than the
current status [19]. The report "SMART2020" describes that, ICT sector can reduce the
global GHG emissions up to 7.8 Gt by 2020, the total estimated 51.9 Gt of CO, emissions
contributed by all service sectors. ICT technology is directly and indirectly involved in
benefiting the other technologies such as smart grid, smart homes, smart buildings and
smart logistics are the sectors which are directly or indirectly benefited from ICT



92 X. Liu et al. / ICT and Renewable Energy: A Novel Concept for Big Data Storage Centers

technologies. Advancements in ICT give unique characteristics such as ICT protocol
extension and capability to extend these protocols into other sectors. Moreover, ICT
provide computational power and intelligence to other sectors in order to perform better
and become energy efficient as well as provide new techniques to reduce the high carbon
emissions into low carbon emissions which further optimized the process of energy
efficiency [20, 21]. Besides these, ICT can help the companies in innovation process by
bringing different changes in companies' strategies, and finally, with implementing the
smart energy management between different sectors can promote the cooperation among
them.

Further, the way ICT contributes to building smart homes, cars, grids, and smart
logistics can be divided into three main parts, i.e., software, management systems, and
devices. These three main parts have sub-parts like software, including:

® Real-time processing data.
Energy accounting in grids.
Smart billings.

Protocols for interconnection.

Response for load management.

ICT devices that help conserve energy include Data records, data loggers, SMART
meters, chargers, Chips, alarm systems, and alert systems [22]. The third part of ICT that
brings energy efficient systems in other technologies includes maintenance, operations,
and repair stations, CO, emissions tracking platform, workflow management system,
vehicle tracking system, and internal and external communications systems.

3. Renewable Energy Distribution

The distribution of renewable energy has equal importance as energy generation and
utilization. So, it attracts the attention of researchers towards distribution policies and
infrastructure. Smart grids are the primary tools for renewable energy distribution, and
currently, they have become essential among ICT scholars with the introduction of big
data and the Internet of Things. Ghorbanian [23] integrated the conventional grids with
the introduction of communication technology and infrastructure to make them smart or
develop them in such a way that they can fused with modern ICT applications. The
concept of smart grid and energy generation is associated with the idea of distributed
generation (DQ); the definitions of DG are presented [24] by defining the term DG as
"the generation of electric power within distributive networks on the consumer side", a
layout of DG in shown in Figure 3.

The definition of smart grid in terms of ICT is as follows: "ICT-enabled distributed
generation of electricity”". ICT has the capability that can provide intelligence and
computing power to the electricity distribution system to make it efficient.
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Figure 3. ICT-enabled Smart Grid
4. Incorporation into Systems and Networks

The solar and wind energy renewable resources attract researchers' intentions to integrate
these RES into various ICT devices and networks. These applications include solar
power wireless house and ground energy storage electric vehicle DC fast chargers. We
already have practical examples working efficiently in various sectors, such as wireless
data acquisition system (WDAS) and radio bas site solution for Sony Ericson. Moreover,
communication systems and renewable energy are interdependent, like dynamic power
allocation for maximizing the output in energy harvesting systems. A smart grid is the
latest and most comprehensive example of an energy harvesting system that contains an
innovative design of an intelligent Supervisory Control and Data Acquisition System
(SCADA). The present communication networks containing solar and wind power
reduce operational costs and are environmentally friendly.

4.1. The Case for Big Data Green Storage House

Improving energy efficiency in big data storage houses includes energy reduction of all
elements in the data warehouse, including base stations, such as base stations and mobile
core network elements, etc. Amongst the features mentioned above, the data warehouse
is the most energy-consuming part, consuming more than 50% of the total energy in a
system. Thus, the data warehouse is the prime focus of research for energy efficiency
regarding the cellular communication system. Moreover, the most exciting finding of
this research is that most network resources are idle. Resultantly, the energy efficiency
of eMNDH (Mobile Network Data House) is low at low traffic load. The data warehouse
mainly consists of Transaction Generated Data (TGD) obtained from customer calls,
SMS, value-added services (VAS), recharging their prepaid connections, and internet
usage. The data taken by telecom operators can be classified according to their network
infrastructure management, sales and marketing, and customer care. The traffic data is
measured in Erlang and is used to understand the load on a base station at any given time.
Besides the infrastructure management, the utilization of any telecom services is
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recorded for billing purposes, irrespective of the type of service accessed. These records
are called Call Detail Records (CDR). They cover voice, SMS/MMS, VAS and internet
access, etc. Generally, CDR captured the following data:

— The duration of service was used during a call

The numbers of both origination and termination party communication.

The type of handset used for communication

The utilization of 3G, 4G etc.

The data used for uploading/downloading during internet access is available.
Mobile networks capture various location data according to their network tendency.
This passive data is further used for billing and network management purposes. On the
other hand, the active data is generated by GPS by locating the handset or handset-based
position.

5. Conclusion

The main objective of a green data warehouse is to optimize the power management of
the warehouse. Big data is the only technology field with a broader impact on other
technologies. This article gives big data technology can make systems more intelligent
and greener by taking renewable energies. The utilization of RE is intended to reduce the
expenditure cost and ensure clean energy. There can be several ways to achieve the
mentioned goal, like optimization of battery size, overcoming uncertainties in energy
generation, and overcoming storage and consumption. In a green data warehouse, the
energy supply from RES and the user traffic load are dynamic. Resultantly, optimizing
the use of green energy is a feature of energy arrival and consumption in present and
future steps. Therefore, modeling a WH with RES is a function of balancing energy
sources, energy storage, and optimum energy.
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