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ABSTRACT 
The capstone project aims at using exercise bicycles as a source of energy to generate 

electricity and store it in batteries. The idea uses the same principle of a dynamo. It relies on 

the pedaling motion that generates mechanical energy and converts it into electrical energy. 

One of the goals of the paper is to explore the possibility of relying on such a technology as a 

possible alternative to produce electricity through the feasibility study. To do so, we need to 

consider the scale at which it can be implemented. Then, we will dive into the very 

mechanism of the project to understand the functionality of each component and of the system 

as whole as well. 

The capstone project will be tackled from different angles. These include political, 

technological, legal, environmental, and economical dimensions. It will also make use of 

software tools to simulate the electrical circuit of the system. 
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INTRODUCTION 
 

The current world faces different challenges that range from political and economical to 

environmental. And with the limited resources as well as the ecological concerns, most 

countries around the globe continue to rely on cleaner and more sustainable sources of energy 

such as wind and solar power. This policy has not only provided a solution for the ever 

increasing demand on resources, but also helped raise awareness about the ecological issues 

linked to the nonrenewable sources of energy such as fossil fuel. 

With the diversified landscape and the incredible potential in terms of resources, the African 

continent is the perfect place to invest in renewable energies and guarantee a sustainable 

development that would meet the demands of its entire population. This would eventually 

move the continent towards economic prosperity. 

Morocco is a country with very limited natural resources. In fact, the main source of energy it 

relies on is fossil fuels in order to meet the domestic energy demand. The Ministry of Energy 

affirms that the country imports approximately 90% of its energy needs. The total primary 

consumption of energy have been increasing by 5% every year since 2004. According to 

ONEE, the production of electricity is derived from coal, fuel oil, hydroelectricity, natural 

gas, wind, and solar at 31%, 25%, 22%, 10%, 10%, and 2% respectively. 

The Kingdom adopted a national strategy aspired to improve security of supply by cutting 

down on energy import. One of the measures is the reliance on renewable sources for 

electricity production. As such, it is planning to increase the percentage of installed electrical 

generation capacity to 42% or 6000 MW by 2020, and to 52% of the total capacity by 2030. 

Morocco offers great opportunities to invest in sustainable sources of energy. In fact, it has an 

average solar potential of 5 kWh per square meter every day. MASEN (Moroccan Agency for 

Sustainable Energy) intends on raising the installed capacity of CSP (Concentrated Solar 

Power) and PV (Photovoltaic) to reach 2000 MW by 2020. Another important opportunity is 

wind energy, with a technical wind potential of around 5000 TWh each year, and a potential 

useful capacity of about 25000 MW per AMEE (Moroccan Agency for Energy Efficiency). 

To raise the energy efficiency of the country, the strategy was revised in order for it to be 

improved by 20% by 2030. Also, the government aims at developing action plans in the 

sectors of industry, agriculture, transportation, public lighting, and construction. On the other 
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hand, 97% of Morocco’s energy needs are met using imported fossil fuels such as oil, gas, and 

coal, according to the World Bank [1].  

 

STEEPLE ANALYSIS 

STEEPLE analysis is a tool that enables strategic planning of a project. It aims at providing a 

feasibility study by analyzing the implications of the work on different areas. To do so, the 

STEEPLE analysis takes into consideration seven factors: 

Social: 

Diseases and conditions related to lack of physical activity have become more and more 

common. In fact, people blame lack of time and motivation. Also, some don’t have access to 

certain pieces of equipment. An idea like this would promote a healthy lifestyle amongst 

AUI’s community by motivating its members to use bikes and work out more often. 

Technological: 

The idea relies on a principle that mimics that of a dynamo and is based on pedaling to 

transform mechanical energy to electrical energy. It is a principle that’s been used for a long 

time and that is very easy to replicate. In addition to that, the different components that make 

up the exercise bike can be found almost anywhere in the world.  

Economical: 

The components of the exercise bike are relatively inexpensive and can be found and shipped 

anywhere in the world. This makes it possible to rely on these cheap components and perhaps 

come up with a viable model. In addition to that, the maintenance of such bikes does not cost 

much, and the mechanism represents potentially an interesting solution not only to reduce 

electrical energy consumption but also to store it batteries.  

Environmental: 

Generating electricity via pedaling is considered a sustainable and clean source of energy. As 

it is renewable, it has a positive impact on the environment as it reduces CO2 emissions and 

different other toxic gases, and as such, it helps keep the environment clean and the 

community healthy. 

Political: 

The country is already shifting, like the rest of the world, towards renewable energies and is 

continuously phasing the use of gas and other sources of energy out. In fact, more regulations 
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and laws are passed that favor the use of cleaner and sustainable ways, and encourages 

citizens to invest in them as well. 

Legal: 

The exercise bikes have no restrictions on them. Furthermore, the use of such vehicles is 

extremely safe as they are stationary and do not require any skill or assistance. They can come 

in different sizes, and as such, they can be used by anyone safely. 

Ethical: 

The project is inspired from already existing models and is based upon an old principle that’s 

been used for more than a century. It is not an innovative idea as much as it is a more optimal, 

cost efficient and ecofriendly one.  
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2. LITERATURE REVIEW 

The use of exercise bikes to generate electricity has already been discussed in many research 

papers. Many of these scientific articles have introduced systems that tried to offer a reliable 

solution by raising the efficiency as much as possible and increase the overall performance of 

the whole system.  

2.1 Generation of Electrical Power Using Gymnasium Bicycle: 

The Generation of Electrical Power Using Gymnasium Bicycle [2] paper was proposed by a 

group of researchers from the University of Dhaka in Bangladesh. The paper discusses the 

need for power, and how it is one of the main challenges the world faces nowadays. Humanity 

has always relied on muscle power to perform daily tasks. And with time, the need for bigger 

and stronger tools rose. As such, humans began developing new methods, which lead to the 

first human powered products. This was all part of mechanical energy. After the discovery of 

other sources of energy such as electricity, humanity was able to come up with ways to 

convert energy from one form to the other. Then, new concerns surfaced such as limited 

resources and environmental threats, which lead to new and more sustainable energy sources. 

Thus, more countries invested in the field of renewable energies to maximize the benefits. 

Another important point the paper tackled is recycling. As a matter of fact, more and more 

people are concerned with their own fitness and have tried to make their lifestyle healthier by 

going to the gym and practicing different sports. For this reason, the researchers proposed a 

system that takes advantage of this physical effort and produces renewable energy instead of 

letting it going to waste. In fact, it uses pressure energy generated by human movement and 

converts it into electrical energy.  

 

 
Figure 1: Block diagram of proposed system [2] 
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The proposed system is broken down into different operations. First, kinetic energy is 

produced from the pedaling motion. Then, it is converted into rotational energy via a gearing 

system that rotates a flywheel attached to it. The flywheel is connected to an alternator 

through a coupling belt. This rotational energy is converted into electrical energy by an AC 

generator, which is then used to charge the battery and store power that was generated without 

maintaining constant pedaling speed. An inversion from DC into AC voltage is done by an 

inverting circuit, and then it is stepped up using a step up transformer. The gearing system of 

the bike is set up in a way to get suitable rpm. That is, low rpm alternator produces less power 

at low frequency, while high rpm alternator produces more power at high frequency. As a 

result, the change in speed affects power generation but does not impact the overall 

efficiency, because it is converted into DC voltage and then stored in batteries. The following 

illustration simplifies the mechanism as well as the gearing system: 

 

 
Figure 2: Exercycle mechanism [2] 
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Figure 3: Gearing system [2] 

In this device, the generator uses a three phase permanent magnet alternator of 750W, 220V, 

and 50Hz. The output current reaches its maximum potential between 2500 and 3000 rpms. 

The battery consists of a 12 volt 80 AH (Ampere-Hour) lead acid battery. A conversion is 

made from 12VDC to 15VAC by the inverter circuit, and the voltage goes from 250VAC to 

15VAC by step up transformer. The total efficiency of the whole system is calculated at: 

 

 
 

 

2.2 Exercise bike powered electric generator for fitness club: 

The second paper is entitled Exercise bike powered electric generator for fitness club 

appliances [3]. Like the first paper, the system aims at generating electricity to supply fitness 

club appliances. For that, it uses the same mechanism. In this system, the group of researchers 

have conducted tests on exercise bikes and found that an average rider could generate up to 

75W of power at road speed in the span of one hour. They also found that it was possible to 

reach 200W at 25 kph for short periods, and 750W under extreme load for about a second. As 

a result, the research suggests that it is feasible to exploit mechanical energy generated from 

pedaling and store the electrical energy in battery banks, which in turn can run small 

appliances in the gym. The paper considered a fitness club and made measurements to test 

their proposed prototype. According to the paper, the total energy consumption in 295 days is 
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4800kWh, with every exercise bike working at least 6 hours a day at an average speed of 20 

kph. The system assumes a flywheel of 40 cm diameter and 10 kg. Thus, the kinetic energy is: 

  

 
 

With: ω = 264 rpm 

Therefore, the energy produced by a single bike in one hour is: 

 

 
 

Consequently, the energy of one cycle or 6 hours is 1.38kWh. With 5 bikes, the total energy 

produced in one year can go beyond 2000kWh, which makes up 42% of the entire energy 

consumption. The setup of the system comprises of: a control panel, a generator, an inverter, 

converters, a voltage regulator, and a battery. 
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Figure 4: Laboratory model [3] 

 

 

There are two converters of 12/24VDC and 24/48VDC. The first one ensures the adjustment 

of the voltage between 12VDC battery and a DC Bus of 24VDC and its controller has two 

loops. The voltage loop stabilizes and loads independent output voltage only if the input 

voltage is above the minimum value, and a paramount current loop that secures converter by 

putting a limit to its peak current. The inverter has two operating modes: the off-line one takes 

care of making and stabilizing AC Bus voltage, while the other ensures a constant DC Bus 

voltage of 24VDC directly and an invariable 48VDC indirectly. Finally, the controller 

consists of two arrangements: one takes control of the 12/24VDC converter, and the second 

takes care of the static switch. The energy delivered by the gym bike generator cause the 

battery voltage to increase above a certain value, which pushes the 12/24VDC converter to 

turn on, and so to distribute the energy that was generated to the DC Bus. 

 

9 
 



 
Figure 5: The boost converter and its controller [3] 

 

 
Figure 6: Inverter and its controller [3] 
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2.3 The Road to Sustainable Exercise: Using Stationary Bicycles to Power a Green Gym: 

The paper [5] provides a detailed feasibility study of providing an entire “green gym” with 

power by generating enough amount of electricity, using only stationary bikes. Although it 

has the same goal as the previous models, it proposes a new one with a different apparatus. 

The hardware part comprises of a power meter, a DC motor, a DC motor attachment gear, a 

DC motor fixture, a rubber traction sleeve, as well as a NI Elvis. The following figure 

illustrates the set up: 

 
Figure 7: Experimental Set Up (1) Power meter, (2) DC Motor, (3) Attachment gear, (4) 

Rubber Traction Sleeve, (5) DC Motor Fixture 

 The power meter: consists of a sensor that finds input power resulting from the user’s 

left foot mechanical energy onto the bike’s pedal. It multiplies the measurements by 
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two since it considers the power input to be symmetrical. It has a built-in data 

collection system that is paired with a phone application. 

 DC motor: A 250 watts device that plays the role of both a generator and a voltage 

source. It is attached to the bike via the moving wheel to transform rotational kinetic 

energy into electrical energy. 

 DC motor attachment gear: it is hooked up to the bike’s wheel and works at a given 

range of RMP. To stop the wheel from exceeding 2500 RPM (maximum value), it 

needs to maintain a ratio of 6:1 between bike’s wheel and gear attachment through a 

shaft attachment.  

 Rubber tractor sleeve:  it raises the coefficient of friction (withstand heat generated 

from high friction) with the motor attachment and cancels slip between this latter and 

the bike’s wheel. 

 DC motor fixture: consists of a wood block that links the frame of the bike with the 

DC motor. 

 NI Elvis: a date collection device that is connected to a 0.035-ohm resistor, a 7.5-ohm 

resistor, and a DC motor. 

The model also has software part which consists of training tracker that send data acquired by 

the power meter to a computer via an application. In addition to that, it a LabVIEW virtual 

instrument that determines the power output based on voltage and resistor values. 

The paper considers a “green gym” that shelters 3 fans, 20 light bulbs, and 5 stationary bikes 

each with a LCD monitor. Each appliance produces 54 watts, and the system’s average 

efficiency is valued at around 51%. The experiment assumes that the bikes work for 8 hours a 

day. With the average power output of 54 watts, it generates an energy of 1.6 MJ (or 0.44 

kWh).  
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3. CALCULATIONS OF ENERGY GENERATED 

3.1 Pieces of equipment used in the machines room: 

The fitness center consists of many rooms. One dedicated to dancing classes, one to 

bodybuilding, and one for machines. The focus of this project will be the machines’ room. 

The room is located on the first floor and harbors 13 units: 7 bikes, two steppers, two elliptical 

trainers, and two arc trainers. In addition to that, there are at least 6 treadmills. These are some 

pictures of the machines used: 

 

 
Figure 8: A stationary bike [5] 

13 
 



 
Figure 9: A treadmill [6]  

 

3.2 Usage of the machines: 

To determine the amount of time and the corresponding usage, an observation was carried out 

over a period of one week (Monday to Sunday). Several visits were paid to the fitness center 

during the week to acquire data and determine the usage pattern. The average time of usage 

per person is about 15 minutes. 

The usage chart generated the following findings: 
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Table 1: Usage chart in a week 

As the results suggest, the highest usage level takes place in the weekend, while the lowest 

occurs on Thursday. The total amount of usage time during the week amounts to 149 hours.  

3.3 Energy generated: 

Each piece of equipment has its own power according to the following table: 

Machine Power (in watts) 

Treadmill 2400 

Bike 500 

Stepper 150 

Elliptical trainer 100 

Arc trainer 600 

Table 2: Power per unit 

Thus, the energy generation per day is: 

 

Day Energy generated (in kWh) 

Monday (10*2400)+(8*500)+(4*150)+(2*100)+(3*600

) = 1,8 kWh 

Tuesday (4*2400)+(2*500)+(1*150)+(1*100)+(2*600) 

= 1,2 kWh 

Wednesday (8*2400)+(6*500)+(5*150)+(3*100)+(1*600) 

= 0,6 kWh 

Thursday (3*2400)+(2*500)+(1*150)+(1*100)+(1*600) 

= 0,6 kWh 

Friday (9*2400)+(4*500)+(2*150)+(0*100)+(0*600) 

= 0,3 kWh   

Saturday (12*2400)+(6*500)+(4*150)+(5*100)+(3*600

) = 1,8 kWh 

Sunday (11*2400)+(7*500)+(6*150)+(3*100)+(2*600

) = 1,2 kWh 

Table 3: Energy generated per day 
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As a result, the total energy generated in a week is about 7,5 kWh/week. This means that in a 

year amounts to: 

7.5 kWh * 52 weeks = 390 kWh/year. 

From the following results, we can conclude that relying on the fitness center machines is not 

a viable option as energy generated is very small.  

To explain this, we need to take into consideration different factors: 

 The low usage level given the number of students that go to the gym. 

 The lack of group classes that involve the machines and especially bikes. 

 The small amount of energy that can be retrieved, which is the most challenging part. 

That is, factors like torque and resistance, as well as maximum force by which an 

average person can pedal make it very hard to create enough energy to supply an 

entire building.    

 

 

 

 

As suggested by the papers referenced in this report, we can conclude that relying on 

machines (like exercise bikes for example) cannot be the sole source of energy production. In 

that sense, some models have tried to solve this issue by proposing hybrid systems that 

involve many sources of energy such as solar and wind. 

One such example is illustrated in an article published in the World Economic Forum website. 

The articles entitled “This gym gets its power from your workout” [7], Eco Gym (located in 

Rochester, New York) is fitness center that relies completely on renewable energy to satisfy 

the energetic needs of the building. This green gym shelter 21 cardio machines with 16 indoor 

cycles, two elliptical trainers, and two recumbent bikes. It makes use of the energy created 

through the workout into electricity, which can go up to 160 watt-hours per workout. 

However, the paper suggests that it is not enough to power the whole building. Hence, in 

addition to the 160 watt-hours, the model relies on a 26-kilowatt rooftop solar PV system 

along with an 8.9-kilowatt small wind turbines.  
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4. ALTERNATIVE SOURCES OF ENERGY 

4.1 Solar energy: 

Solar is one of the most widely used renewable sources of energy in the world. It has been 

relied on for decades. As a result, it has become very reliable and less costly. The technology 

captures sunlight to produce electricity. Most of solar PV cells use pure silicon (over 90% of 

them) [8]. In addition to its reliability and low cost, it is also one of the most ecofriendly 

sources of energy. In a reported published by Danish utility Vattenfall from 1999 that looked 

at Japan, Finland, and Germany, solar PVs produce about 50g of CO2 per kWh in comparison 

with coal which emits 975g of CO2 per kWh. This means that solar PVs are about 20 times 

cleaner than coal according to the following graph: 

 

 
Figure 10: CO2 Emission according to Vattenfall 1999 [9] 

 

We can distinguish two types of setups: on-grid and off-grid. The two systems have almost 

the same mechanism. However, the on-grid is directly connected to the power grid to which it 

diffuses the excess energy that is not needed in the process, while in the second type, the 

system is connected to a battery bank [10]. This latter allows to store and reuse of energy, 

which can be helpful especially in remote areas where there are no grids or where there are 

higher risks of power shortages.  
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The solar PV cells allow the conversion of sunlight to DC electricity. Then, a charge 

controller controls the power charge. The battery system stores electric power at night. 

Finally, the system is connected an inverter in order to convert DC to AC, which is used by 

appliances. The following figure illustrates the entire mechanism: 

 

 
Figure 11: Working of solar energy [11] 

 

4.2 Hybrid PV-biomass energy: 

The paper entitled ”Feasibility and Cost Analysis of Photovoltaic-Biomass Hybrid Energy 

System in Off-Grid Areas of Bangladesh” provides a solution to the electricity problem in 

Bangladesh, where energetic infrastructure is lacking [12]. The model consists of DC loads, 

solar PV panels, a converter, a battery, and a biomass generator. Biomass energy exists in 

different, with the most common one being olive pits. This model suggests an efficiency of 

80%, and a generator that has a lifetime of over 15000 hours. The capital cost of 1 kWh 

amounts to $714.29/kW. The cost of biomass is estimated at $0.0833 per ton. 

In this prototype, PV is responsible for 81.2% of the total energy production, while the rest 

comes from biomass. In addition to that, the project promises a payback period of 6.9 years. 

Finally, this hybrid system reduces CO2 emission by 3.81 tons per year,  
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The following diagram simplifies the mechanism: 

 
Figure 12: Block diagram of proposed photovoltaic (PV)-biomass hybrid energy system [12] 
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5. PROPOSED SOLUTION 

5.1 Stand-alone system for PVs: 

Stand-alone is a type of off-grid solar systems. Since this kind gives the possibility to store 

excess energy in battery banks, which can be reused another time, especially during power 

shortage or blackout (especially during snowstorms). Therefore, stand-alone allows full 

autonomy of the system.  

The following figure is a typical example of a stand-alone system that is intended for 

domestic use: 

 

 
Fig. 13. Typical stand-alone system 

The choice of such a system is due to the important quantity of solar radiation in the region. 

Since this is main input of setup, it is important to determine by means of calculations the 

amount of sunlight the PV panels will absorb. The following graph provides the data 

generated for the region of Ifrane: 
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Figure 14: Average Monthly Hours of Sunshine in Ifrane 

From the graph, we conclude that the highest amount of sunshine during the year is in the 

month of July with approximately 310 hours of sun. On the other hand, the lowest amount is 

roughly 208 hours, which takes place in the month of November. Thus, the average quantity 

of sunlight per day is: 

3115/12 = 224 hours/month (or 7.47 hours/day) 

5.2 Solar panel system size calculation: 

 

 
Figure 15: Photovoltaic Solar panels [13] 
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To calculate the size of solar panels, we need to consider first the following equation: 

kWh per month / (avg sunlight per day * 30) = kW solar system 

Now, if we were to take the amount of electricity consumption to be 1000 kWh per month for 

example, we get:  

1000 / (7,47 * 30) = 4,464 kW solar system 

Considering a 195 W solar panel that costs 270 MAD per unit, the number of solar panel 

needed for such a setting is: 

Number of panels = 4464 / 195 = 23 solar units 

Hence, the cost of these solar panels will amount to: 

23 * 270 = 6 210 MAD 

5.3 Battery characteristics: 

The choice of batteries is determined by many factors. Batteries have different prices, 

technologies, compositions, as well as lifetime and number cycles. The following table 

establishes a comparison between different types of batteries available in the market:  

 

 
Table 4: Battery technologies characteristics 

Based on the table, we will choose Lead-acid. It is a very common technology and is the least 

costly option compared to the lithium-ion battery. Deep-cycle lead-acid has a life cycle of 

2000 and an efficiency of 75%. In addition to that, the capacity of the battery is roughly 250 

Ah. Finally, this option is good for off-grid system. 
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5.4 Inverter efficiency: 

The efficiency of the inverter is the ratio between the usable AC output power and the sum of 

DC input power and AC input power. Most inverters of the current generation have a very 

high efficiency that range from 85% to 95%. In the following graph, CEC (California Energy 

Commission) provides a protocol to describe the output characteristics of a PV inverter, A 

CEC test generates up to 94.5%, 

 

 
Figure 16: Percentage of Rated Output Power [14] 
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6. CONCLUSION 

In conclusion, we explored the viability of exercise bikes as a source of energy in order to 

generate electricity. We looked into different research papers that tackled the subject and 

studied them to grasp the mechanism, and to determine the potential of such a technology. 

The analysis broke down the different components of each proposed system and its setup. The 

second part consisted of the study of the energy setup with the machines room in AUI’s 

fitness center. The first step was to perform a primary audit of the machinery inside by paying 

several visits to the site. Then, we looked into the properties of each piece of equipment to 

calculate the possible energy output we can get from them. In addition to that, data was 

acquired through observations to determine usage levels and pattern. After gathering all the 

necessary information, we performed calculations to get the amount of energy generated to 

supply electricity. Consequently, we came to the conclusion that this option was not viable, at 

least as a sole source for many factors. Indeed, following the data generated from the usage 

chart, the amount of electricity that we were able to generate was around 390 kWh/year for 

149 hours of usage per week. This has lead us to explore other possibilities to come up with 

an alternative. For that, we considered resorting to solar energy. In fact, with an average 

amount of sunshine of 7.47 hours/day, an estimated cost of 6210 MAD for 23 solar panels. 

Furthermore, we opted for a relatively inexpensive battery of $100/kWh, and a new 

generation inverter with an efficiency of 94.5%. Consequently, we were able to engineer a far 

more efficient and thus more viable alternative. We determined the type of solar energy that 

we will rely on in the paper, which was a typical stand-alone off-grid system, as well as its 

characteristics and the quantity of solar panels along with their total cost. 
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