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Abstract
Nowadays, a lot of people and organizations around the world are interested in finding alternative energy resources to
fossil fuels. In general, replacement of fossil fuels with Renewable Energy (RE) sources helps to meet national, energy,
environmental and economic security requirements. RE could be produced out of various sources, one of them is
Human Kinetic Energy (HKE). Using HKE as a RE resource is compatible with the Saudi 2030 vision which is the
main motivation of this work. This research outlines an approach to generate electric power out of HKE in gymnasiums
(gyms). Specifically, the main goal of this research is to construct an effective framework for using wasted HKE in
gyms to generate electrical power. Researchers consider this unused HKE in gyms as wasted Energy that should be
utilized. Therefore, this work explores how the use of this wasted energy could meet different security requirements
and helps in achieving two strategic goals from the Saudi 2030 vision. Generally, the developed framework offers an
understanding of the complex problem of effective utilization of HKE at gyms located in Saudi Arabia. Moreover,
this framework is designed to explore different stakeholder perspectives and requirements.
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1. Introduction
One of the big changes in Saudi Arabia nowadays is the Saudi 2030 vision. This vision is the current navigation of
the country involving big companies and governmental projects within Saudi Arabia. One of the vision’s goals is to
set a primary target of producing 9.5 Giga Watt (GW) of RE. Another goal of the 2030 vision entails increasing the
ratio of individuals exercising at least once a week from 13% of the population to 40% by encouraging widespread
and regular participation in sports and athletic activities. The Saudi government is working in partnership with the
private sector and investors to establish dedicated sports facilities and programs to help achieving the mentioned
strategic goal (Government of Saudi Arabia, 2016). Thus, this research aims to develop a framework that illustrates
the strategic design of the systems-oriented approach for the manufacturing, placement, and optimal manufacturing
infrastructure for Human Kinetic Energy (HKE) consumption. We believe that the implementation of the designed
framework in this research will provide important cornerstones towards achieving the relevant goals for the Saudi
2030 vision. The understanding of the proposed framework will reduce capital cost, reduce investment risk, and
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increase wasted human power utilization during the real application of this idea. This designed systems-oriented
approach in this work could be applied to other complex systems under uncertainty.
Humans generally generate kinetic energy as a by-product while doing different tasks. This by-product is not utilized.
Therefore, part of our energy assets is being exhausted and wasted. The focus of this work is how to reduce this waste
by utilizing exhausted energy. In fact, there is untapped potential for harnessing HKE at most fitness facilities and
convert it into clean and sustainable resource of energy (Haji et al., 2010), especially with the high trend of gymnasium
(gym) usage. The production of Renewable Energy (RE) out of human activities is considered as a complex problem
due to the stakeholders' diversity as well as the nature of this problem (Kothari et al., 2010).
Humans have required and utilized energy at an expanding rate for their sustainability and welfare as far back as
human history goes. Due to the importance of energy in human life, the usage of energy across the world is rising
continuously (Bidwai et al., 2017). Different groups of people and organizations, as stakeholders, look at this topic
from different perspectives. One group of stakeholders focus on the impact of energy generation and consumption on
the country’s economy as an important type of security, where another group is interested in the impact of energy
generation and consumption on the national security. A third group of stakeholders is interested in the energy
sustainability as the security of energy. Moreover, a fourth group of stakeholders is concerned about the effect of the
energy harassing and consumptions on the environment. In addition, it is expected to find a group of stakeholders that
are concerned about two or more perspectives of the mentioned security types that are related to the energy generation
or usage (Fawzy & Componation, 2015). Thus, there is a strong need to develop new energy resources that are reliable
and does not deplete with time (Bidwai et al., 2017). The stakeholders’ diversity of this energy production creates
different perspectives, requirements, and decisions. Therefore, the need arises to develop a systems-oriented approach
for the manufacturing, placement, and optimal manufacturing infrastructure for HKE consumption. The new energy
resources should meet all stakeholders’ requirements. Although this research is targeting Saudi Arabia, the framework
design is applicable to other countries as well.

2. Literature Review
In order to establish a comprehensive framework to harvest HKE out of gym’s wasted energy to generate RE, 36
publication in the same area of work been reviewed. The reviewed literature explored previous work on the HKE
harvesting and power production out of it. The reviewed work addressed the problem from different perspectives.
Some research looked at the: economic perspective. Other research investigated the environmental impact of the HKE
harvesting to produce power. On the other hand, some research explored the political aspects of this idea. This research
is exploring all these perspectives together in addition to the understanding of the national interest of Saudi Arabia in
the field of RE via the application of HKE harvesting for power generation. Saudi Arabia, similar to most of other
countries nowadays, is looking for different energy resources to reduce its dependency on fossil fuel (Government of
Saudi Arabia, 2016). Even though Saudi Arabia is one of the primary exporters of the raw petroleum, it is one of the
largest consumers of fossil fuel (Miller, 2011; Woertz, 2013). The Saudi 2030 vision focuses on finding new
sustainable energy resources. One of the vision’s strategic goals is targeting a production of 9.5 GW of RE by 2030
(Government of Saudi Arabia, 2016).
Energy is a key consideration in discussions of sustainable development. So, sustainable development requires a
sustainable supply of clean and affordable RE sources that do not cause negative societal impacts (Dincer, 2000). For
illustration, Saudi Arabia has launched the first phase of the National Renewable Energy Program (NREP) that is
managed by the Office of Renewable Energy Projects (REPDO). Simultaneously, the National Transformation
Program (NTP) is “an essential part of the Kingdom's post-oil preparation plan” All of these established institutions
are focusing to achieve clear objectives in the field of RE production and it includes ensuring that 4 percent of Saudi
Arabia's total energy use is generated from RE sources by 2020 (Saudi Arabia Launches Round Three of National
Renewable Energy Program, 2020). Thus, there is clear intentions from the government to increase the support of RE
production in the country.
Saudi Arabia’s energy consumption is growing rapidly. Saudi Arabia oil consumption is growing by 3.9% per year
and it is considered the world’s sixth-largest oil consumer and already consumes a quarter of its own production of
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crude oil and natural gas liquids (Woertz, 2013). In 2010 it spent over $30 billion on oil and about $12 billion on
electricity subsidies. Its fossil fuel subsidies thus are the second largest in the world after Iran and larger than those of
Russia, India, and China which follow it in the ranking (Miller, 2011). Saudi Arabia’s domestic energy consumption
is skyrocketing; the growth of electricity demand in Saudi Arabia is particularly strong and shows a high degree of
seasonality due to the need for air conditioning in the hot summer months. Electricity demand growth in Saudi Arabia
is above gross domestic product (GDP) growth and at 8% is particularly high. Saudi electricity demand is expected to
increase by over 6% annually. This future electricity demand growth will require power generation capacity to increase
to 120 GW by 2032 (Nachet & Aoun, 2015). The most important factor of energy demands are population growth,
industrial development, and a subsidy regime that encourages waste consumption. Saudi Arabia now faces a natural
gas shortage and is seeking alternative energy sources like nuclear power and RE in order to reduce the common
practice of using non-sustainable fuels in power stations (Woertz, 2013). One reason for the high consumption has
been low electricity prices. Residential electricity prices in Saudi Arabia have been fixed in nominal terms between
the years 2000 and 2015. But on December 28th, 2015, the government announced a new set of energy prices,
including electricity prices for residential customers (Matar, 2017). With the high demand and the new set of energy
prices in Saudi Arabia, a need for a new energy production alternative is raising and RE is a great contender to reduce
the cost and to create a sustainable energy resource.
RE resources is a mandatory solution to reduce the negative impacts of the fossil fuel consumption in Saudi Arabia.
Saudi Arabia leads the Gulf Cooperation Council (GCC) countries in its CO2 emissions, contributing to 56% of CO2
emission (Qader, 2009) and has been ranked 9th position in the world for CO2 emissions (U.S. Department of Energy,
2017). Moreover, the relationship between electricity consumption and CO2 emissions is approximately linear which
indicates that future use of conventional generation will increase the levels of CO2 emissions in Saudi Arabia
proportional to the expansion of its generation capacities. Thus, power plants will play a large role in reducing such
emissions using alternative electricity production such as RE production (Almasoud & Gandayh, 2015). Achieving
solutions to environmental problems that we face today requires long-term potential actions for sustainable
development locally and globally. In general, RE resources appear to be one of the most efficient and effective
solutions. That is the reason there is a close association between RE and sustainable development (Dincer, 2000).
With the world population increasing, the need for different energy sources increases. But we have to consider the
various threats that causes the depletion of energy causes such as pollution due to high consumption of non-renewable
energy (Soltani et al., 2017). So, the issue of a steady replacement of fossil fuels with RE sources is a major consideration
for most countries. Renewable power generation system is currently preferred for clean power generation (Bidwai et
al., 2017). Renewables are set to penetrate the global energy system more quickly than any fuel previously in history.
Historically, it has taken many decades for new fuels to penetrate the energy system. For example, it took almost 45
years for the share of oil to increase from 1% of world energy to 10% in the late 1800s and early 1900s. Moreover,
natural gas took over 50 years from the beginning of the 20th century to reach the same share. On the other hand,
renewables share has increased from 1% to 10% in just 15 years (BP p.l.c., 2019). Such rapid growth relative to any
other energy source seen in history shows an insight into the potential of RE production.
In order to investigate the potential of harvesting HKE from gym equipment, first it is important to understand how
much gym facilities and equipment consume to maintain operation. An energy audit done on a small-medium gym
showed that the energy consumption shares are distributed as that lighting consumes 40% of the electricity, heating,
and ventilation consumes 47% of the electricity, and treadmills and other workout devices consume 13% of the
electricity (Haji et al., 2010). With such low energy consumption for gym equipment, HKE harnessed from physical
exercise devices can have the potential to be a major RE source, by converting the available mechanical energy from
these exercise devices into HKE. Then, the HKE could be converted to electric power to run gym equipment (Mustafi
et al., 2016).
Recently, more people are attracted towards the gym (Bidwai et al., 2017). Unfortunately, all the HKE that gym users
generate from their exercise is not being utilized. Therefore, the energy generated from gym users should be utilized.
This utilization will have a big role in RE production. A strategic goal of the Saudi 2030 vision aims to increase the
ratio of individuals exercising at least once a week from 13% to 40% by encouraging widespread and regular
participation in sports and athletic activities (Government of Saudi Arabia, 2016). As the number of users of gym
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equipment increase, the total power generation is expected to increase. This increase in HKE will definitely be helpful
in reducing today’s energy demand (Bidwai et al., 2017).
Overall, the reliance of Saudi Arabia on fossil fuels is changing. The country aims to decrease fossil fuel usage to
improve economic and environmental impact. The best alternative to fossil fuel is RE. One of the potential RE
resources is HKE produced by gym users that are increasing in number due to the government’s encouragement to
exercise., This type of produced energy out of exercises is considered as waste need to use. Researchers looks to this
wasted energy in gyms as a treasure that should be exploited. Researchers presume that there is an enormous potential
of the generation of energy from wasted HKE in the gym; as a sustainable resource of the RE production in Saudi
Arabia.

3. Methodology
In order to design a comprehensive framework to best harvest HKE to generate RE, 36 publication between 2000 and
2020 addressing economic, environmental, and the national interest related to RE production from HKE was reviewed.
Next, reviewed publications were analyzed to determine the gap in the literature and identify the contribution of this
research in the art of work. Then, the main phases of the framework were designed with clear objectives for each
phase to fulfill the identified gap in the literature. For each phase, a general understanding about the expected work is
summarized in the next section of this publication. That summary includes a general expected outcome of the phase.
Finally, a conclusion with recommended future work are written based on the designed framework.
As a complex problem, the designed framework includes six phases were each phase outcome is considered as the
input for at least one of the following phases. Feedback out of the phases’ execution may affect the framework design
and force to making some modification on the proposed framework. The proposed phases are designed to address the
requirement of different stakeholders of this complex problem.

4. Results and Frame Construction
The outcomes showed that the main driving factors of RE production are stakeholders’ requirements and efficient
technology of harvesting HKE. Thus, a study of stakeholders’ requirements is to be conducted and includes three
groups of requirements: society as users of gyms equipment and wasted energy generators, private sector as investors
in gyms and wasted energy harvesters, and the Saudi government as the legislator and supporter of the idea of this
research. From the literature, the government approval and support was clear. This support and consent is illustrated
in of the Saudi 2030 vision. The Saudi 2030 vision has a strategic objectives explore the Saudi government intention
to find an alternative. No study was found that determines the best method to implement the HKE consumption for
RE production in Saudi Arabia. Few studies were found about harvesting energy from HKE including Gym equipment
such as treadmill, static bikes or elliptical (Haji et al., 2010). Therefore, an analysis to determine the best equipment
to use to generate RE out of it, including exercising behavior, and past studies outcomes, based on the results, an
implementation followed by a cost and environmental impact analysis is made. Finally, future development of the
system is to be decided.
The first step in the research portfolio is about designing a framework to illustrate the research main idea with
identified phases as shown in Figure 1. Designed framework is a road map to create the most effective system of
harvesting HKE and convert it to useful electrical power based on available technologies. The framework design and
order are constructed so that each phase is contributing to the next phase(s) in a complementary manner as illustrated
in Figure 1.
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Figure 1: The research framework

4.1 Phase one: Literature Review
A detailed review of previous work, publications, and patents that are published within the past two decades about RE
production from gyms and via HKE should be conducted. It is expected to create a classification matrix and an indepth analysis of the collected information out of the literature. Next, the gap(s) in the literature will be identified with
more details about suggested actions to fulfill it.

4.2 Phase two: Gyms user's perspective & requirements
The main objective of this phase is to understand the gym user’s perspective and requirements for RE production via
their HKE, as a group of the problem stakeholders. Also, this phase aims to collect data about those users exercising
behavior in gyms, which helps in the multi-criteria decision analysis (phase 4) about selecting the best equipment for
the implementation of the idea to achieve the research objective. This phase is to examine the social acceptance of the
idea via the users’ perspective(s) & requirements understanding.

4.3 Phase three: Shareholders perspective & requirements
This phase investigates the perspective of another group of stakeholders. Investors, gyms owners, and decision
makers’ as shareholders have their own perspective(s) and requirements regarding the implementation of the RE
production via HKE that should be studied. This phase focuses on exploring those shareholders willingness and
readiness to implement the idea of RE production via HKE in their gyms. Therefore, a study for the gym owners, as
investors, or managers, as decision makers, is needed to understand their perspective(s), opinions and requirements.
Moreover, it will lead to collect data about their customers’ exercising behavior.

4.4 Phase four: Multi-Criteria Decision Analysis
In order to determine the most efficient device or equipment for RE production out of the HKE in gyms, an analysis
of RE production via gym equipment is to be performed, including previous works, social acceptance, and
shareholders’ perspective & requirements. This problem is considered as a Multi-Criteria Decision-Making problem.
It has different factors which are the stakeholders’ perspectives and requirements, and a set of alternatives, which are
the devices or equipment. Based on the analysis outcomes a device or more will be recommended as the best selected
equipment for the implementation and evaluation phase of this framework (phase 5). The top recommended device or
equipment will be selected as the optimal alternative to implement for harvesting HKE using available technologies
and based on the stakeholders needs.

4.5 Phase five: Testing and Evaluation
As a result of the previous phase, the optimal device is to be selected. In this phase a test to the optimal device will be
conducted to collect needed data. Then, deep analysis of data, including cost and environmental impact, will be
conducted to study the efficacy and effectiveness of the selected device to harvest HKE and generate RE. This will
lead to draw a decision on whether to implement and modify the current selected device or to design a new method of
harnessing energy that can be more effective for the final phase by moving to the next recommended device out of
previous phase (Phase 4).
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4.6 Phase six: Implantation of a Renewable Energy System in Gyms
Based on the results of the previous phase, this phase is about large-scale implementation of a HKE-based harvesting
system will be held, followed by an analysis to determine the economic and environmental efficiency and possible
future development of the system. Feedbacks collection and continuous improvement venues will be the next step in
this phase as a future work stages.

5. Conclusion and Future Work
In general, the world has been facing the challenge of providing a sustainable and clean energy source for a long
period. With the current growth of RE; Saudi Arabia, like many other countries, is setting goals to convert to clean
energy. Thus, it is important to work on exploring all options of RE production to contribute to this issue solution.
In this paper, a framework was designed as a road map to explore the potential of harvesting HKE from users’ physical
activity in gyms as a source of clean and sustainable RE. The framework covers a review of all previous publications,
investigation of the stakeholder's perspectives and requirements, and then an optimization of the RE generation out of
the wasted gyms energy. The optimization is to determine the most efficient equipment to harvest HKE and produce
RE using Multi-Criteria Decision Analysis.
For future work, the framework phases are recommended to be implemented. Reviewing all publications in the scope
of the framework is a must as a first step to identify the gap in the literature. Also, the literature review for this
framework shows promising results of RE production using existing technology. An inclusion of stakeholders’
perspectives is important to understanding the possibility of this type of application in gyms. This framework may be
conducted by researchers around the world while making the necessary modifications and applying different methods
including surveys, interviews or focus groups, depending on the most appropriate approach to the project on hand to
be used and to fit different regions and cultures.
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