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ABSTRACT 

Human locomotion is a potential source of renewable energy. A mechanical footstep power generator can 

be used to tap waste energy form human locomotion and convert it into a usable form such as electricity. 

The generator therefore presents an alternative power source for lighting purposes, at the university of 

Nairobi’s lecture halls and hostels. This design project report presents a way to tap the energy from human 

locomotion, and convert it into usable form. This was done by studying the existing trends in footstep power 

generation and coming up with modifications meant to optimize the power generation. The modifications 

were used to fabricate a model which helped to establish the various parameters that were pertinent to 

footstep power generation. The parameters were: The average number of people, the average weight of 

people and the nature of the components of the generator such as the spring. This study also includes in 

detail the financial and economic analysis of the proposed design. This report contains an introduction, 

literature review, theoretical considerations, methodology, results and discussions, cost benefit analysis, 

Auto CAD design drawings, recommendations and conclusion of the design. The fabricated model made 

use of the flywheel mechanism. The power generated from the model during testing was 22,640 watts with 

an assumption that the system was walked on for a period of 16 hours. The flywheel that was used had a 

radius of 11cm and a mass of 895g. A cost analysis of the project was done and the expected cost for 20 

of such models was KSHS. 14,457,180.
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1.0 INTRODUCTION 

1.1 BACKGROUND INFORMATION 

Mechanical footstep power generation systems are termed as renewable energy sources. This means that 

the energy produced from the system is clean, cheap, readily available and can be replenished as people 

are always moving. 

Currently in Kenya the effective installed (grid connected) electricity capacity is 2,651MW with peak demand 

of 1,912MW as of November 2019. In 2018 the peak demand was 1,770MW and was rising at calculated 

annual rate of 3.6%. Energy in Kenya not only describes energy but it also describes electricity production, 

consumption, import as well as export. The predominant sources of electricity supply in Kenya are hydro 

and fossil fuel (thermal) sources. 

The renewable energy sector in Kenya is one of the most active in Africa. The investment virtually grew 

from zero in 2009 to US $ 1,3 billion in 2010. This growth was across technologies such as wind, 

geothermal, small-scale hydro and biofuels. Kenya is not only the first geothermal energy producer, but it 

is also leads Africa in the number of solar power systems installed per capita. It is Kenya’s aim to produce 

19,200MW against a demand of 15,000MW by 2030. This are the renewable energy future targets. 

The mechanical footstep power generation system works better in areas where there is a high traffic of 

people. The University of Nairobi receives a high traffic of people (both the students and the staff) especially 

when the students are on session. The system would therefore be used to utilize the waste energy from 

the people in the campus and the generated electricity which can be used for lighting purposes in the 

classrooms as well as for charging both the laptops and phones used by both the students and the staff.   
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1.2. PROBLEM STATEMENT AND JUSTIFICATION 

Locomotion is one of the most common activity in human life. It can be in the form of walking and running 

which are the major ways in which human beings move. When a person walks, he/she looses energy to 

the surface they are walking/running on in the form of impact, vibrations, sound among others. The loss of 

energy is due to the transfer of his/her weight on the surface they are walking/running on. Devices can be 

embedded so as to tap and convert this energy into a usable form such as the electrical form. 

The utilization of these energy is relevant, important and applicable in countries which are highly populated 

and in areas that are crowded with hundreds, thousands or even millions of people. These areas include 

railway stations, pavements in learning institutions, roads, bus stand among others. 

The University of Nairobi is a collegiate research university based in Nairobi, Kenya. It is one of the largest 

universities in Kenya. As at 10th October 2018, The university: 

• Offered 540 academic programs 

• Had a total student population of 84,000 

• Had 2,200 academic staff with PHD’S 

• Had 450 professors 

• Had 5,525 administrative and technical staff 

The total number of people at the university is about 92,715. This therefore makes the site ideal for my 

project because of the high population of people always moving at any given time.  
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1.3. HYPOTHESIS 

The design of the mechanical footstep power generator provides a way to utilize waste energy from the 

human foot. The energy which is lost as vibrations, sound etc. will be tapped and converted into a usable 

form, in this case into electricity. The electrical energy can then be used for lighting purposes as well as for 

charging either phones or laptops. The energy is renewable meaning it is not only cheap, readily available 

but also it can be replenished. The energy is also clean thus has minimal effects to the environment. 
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BROAD OBECTIVE 

The broad objective of the project was to design a modified mechanical footstep power generator that can 

be used at the University of Nairobi 

SPECIFIC OBJECTIVES 

To achieve the broad objective, the following specific objectives were adopted. To: 

(a). Establish the relationship of the parameters pertinent to footstep power generation to the 

expected output.  

(b). Identify the expected power output from the generator 

(c).  Fabricate a model of the mechanical footstep power generator 
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2.0 LITERATURE REVIEW  

2.1. RENEWABLE ENERGY IN KENYA 

	Renewable energy is one of the key energy sub-sectors that significantly contributes to overall energy mix 

in Kenya. In Africa, Kenya leads in exploiting renewable energy sources to provide the energy required to 

complement the realization of Vision 2030, “accelerating transformation of our country into rapidly 

industrializing middle-income nation by the year 2030”. (AUTHORITY, 2019) 

Kenya has a promising potential for power generation from renewable energy sources. The government 

has been seeking the expansion of renewable energy generation to central and rural areas due to the 

abundance of solar, wind, hydro, biomass and geothermal resources. The development of geothermal, 

wind energy plants as well as solar fed mini-grids for rural electrification have been prioritized by the 

government following a least cost approach. (invest). 

In December 2018, Kenya’s president announced plans to move the country to 100% green energy by 2020 

as the renewable energy investments are scaled up. Currently, 70% of the nation’s installed grid capacity 

comes from renewable energy sources. This is more than 3 times the global average. The transition to fully 

renewable energy could further boost the population’s access to the national power grid and reduce 

manufacturing costs. Kenya has invested heavily in geothermal power generation, which supplies low-cost, 

low-emissions energy. According to the Renewable 2018 Global Status report, the nation ranks 9th in the 

world for its geothermal capacity of 700MW. (Wood, 2018) 
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2.2. ENERGY AS A FOUNDATION OF VISION 2030 

Energy is one of the infrastructural enablers of the three pillars of The Vision 2030 in Kenya. It is expected 

that more energy will be used in the commercial sector as we approach 2030.The government has 

continued to finance extension of electricity supply in the rural areas as part of the basic infrastructure to 

stimulate economic growth and employment creation (Ojwang, 2017) 

	

2.3. ENERGY SITUATION IN KENYA 

In Kenya the energy sector is largely dominated by petroleum and electricity. Wood fuel provides the basic 

energy needs of the rural communities, urban poor and the informal sector. As at August 2015, the Energy 

Regulatory commission (ECR) stated that Kenya has 2,295 MW of installed on –grid capacity across 42 

plants, plus an additional 11.5 MW in 19 off-grid stations in remote parts of the country. This installed 

capacity consists of 70% renewable sources. It was estimated that Kenya could have 5,040 MW of installed 

capacity by 2020 based on updated timelines and projects. The new generation capacity was estimated to 

be 2,700 and was projected to be renewable energy and this will result in Kenya’s energy mix being 83% 

renewable by 2020. It was also estimated that by 2020, 60% of Kenya’s power will be generated by IPPs. 

Below are tables showing both the Kenya’s energy generation capacity in 2020 and Kenya’s power 

generation landscape in 2015. (Power Africa, 2016) 
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TABLE	2.1.	KENYA’S	POWER	GENERATION	LANDSCAPE	IN	2015.	
 

SOURCE CAPACITY NO.OF 
PLANTS 

PLANTS 
OWNED BY 
KENGEN 

PLANTS 
OWNED BY 
IPPs 

Geothermal 593 MW 8 7 1 
Hydro 827 MW 18 16 3 
Wind 26 MW    
Fuel oil 751 MW 14 10 4 
Biomass 38 MW 1 1 0 
Gas turbine 6O MW 1 0 1 
TOTAL 2,295 MW  42   

 

 

TABLE	2.2.	KENYA’S	ENERGY	GENERATION	CAPACITY	IN	2020	
 

SOURCE CAPACITY NO.OF 
PLANTS 

PLANTS 
OWNED BY 
KENGEN 

PLANTS 
OWNED BY 
IPPs 

Geothermal 1984 MW 20 11 9 
Hydro 961 MW 25 15 10 
Wind 786 MW 11 2 9 
Fuel oil 751 MW 14 10 4 
Solar 430 MW 10 0 10 
Biomass 108 MW 1 1 0 
Gas turbine 6O MW 4 0 4 
TOTAL 5,040 MW 85   
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(Kenya Energy Situation, 2019) 
	

TABLE	2.3.	KENYA’S	ENERGY	SITUATION	 	
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2.4 HUMAN LOCOMOTION AND ENERGY RELEASED 

When the human body is in motion, energy is lost to the surface on which a person is moving on in the form 

of vibrations, sound etc. Walking and running are the two main activities that generate much energy in the 

human body. While walking, the angle between calves and thighs is not considerable, which means the 

legs make a little bending and the elasticity energy is negligible. However, by stepping only once, the center 

of gravity takes the height of the person and then inclines it which result in potential energy. 

In these ups and downs, the center of gravity decreases and acquires speed, therefore there is a 

discrepancy of the kinetic energy in comparison to the potential energy. We can no longer ignore the 

existence of elastic energy through running because of the leg deferment. A phase of flight happens. Unlike 

when walking, the center of gravity increases, therefore more speed is acquired during the descent. The 

potential and kinetic energies evolve in a manner similarly to walking. However, the values are greater than 

the values during walking due to a phase of flight and an increase of the velocity.  
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(Bouzidy, 2017) 

TABLE	2.4.	SUMMARY	OF	MOTION	OF	ENERGY.	
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2.5. MECHANICAL FOOTSTEP POWER GENERATION 

Mechanical footstep power generation is not a new concept. There are numerous researches that have 

proposed different design models that can be used to generate footstep power. Some of these researches 

suggest modifications on the various trends of footstep power generation. The most common trends of 

footstep power generation are: 

a) The rack and pinion mechanism 

b) The use of piezoelectric sensor 

2.5.1 THE RACK AND PINION MECHANISM 

A rack and pinion is a type of linear actuator comprising of a pair of gears which convert rotational motion 

into linear motion. The pinion is a circular gear which engages on a linear gear bar which is the rack. 

Rotational motion applied on the pinion causes the rack to move therefore, rotational motion of the pinion 

is translated to linear motion of the rack. 

           Pinion 

        Rack 

FIGURE	2.5.	RACK	AND	PINION	GEAR	ARRANGEMENT	

 

 

The rack and pinion arrangement is a method that is functional in the energy storing capacity of the spring 

when it is compressed against its natural length. The springs are connected to the rack and pinion 
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arrangement which converts the vertical motion to translatory motion. Sprockets are attached to the pinion 

arrangement which is attached to the dynamo. This further rotates the axle of the dynamo or the AC 

generator or the alternator and electricity is produced. 

 

FIGURE	2.6.	EXISTING	MODEL	OF	RACK	AND	PINION	MECHANISM		
	

 In foot step power generation there are steps involved so as to generate the power. This steps are; (Patel 

Kamlesh, 2018; Patel Kamlesh, 2018) 

a) STEP 1: By virtue of stepping on the plate force is applied and the spring is compressed 

b) STEP 2: The rack moves vertically down 

c) STEP 3: circular motion in the pinion gear 

d)  STEP 4: For one full compression the pinion moves 1 semicircle 

e) STEP 5: The force on the plate is released, the pinion reverses and moves another semicircle 

f) STEP 6: The generator attached to the systems results to a sinusoidal waveform. 

g) STEP 7: The obtained voltage is passed through an Ac neutralizer in order to reduce the ripples 

that are produced due to uneven motion of the generator. 

h)  STEP 8: Power is stored directly in 12v lead acid battery  

i)  STEP 9: The 12v DC is connected to the inverter to convert it into 230AC.  

j) STEP 10: Voltage obtained is used for small applications. 



	 16	

k)  STEP 11: The display unit takes signal from battery and converts it into digital signal by ADC and 

transfers its data to microcontroller.  

l) STEP 12: The voltage signal thus obtained will be displayed in LCD display about how much 

voltage of current is available. 
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 BLOCK DIAGRAM 

This block diagram shows flow of power generation and also describes sequence of movement of 

component. It gives an over view of power generation system. As from the diagram, human motion will 

compress the spring and cause the pinion to rotate on the rack. This in turn cause rotation of chain sprocket 

and flywheel on second shaft and hence power is generated by generator. 

(B.D.Parmar, 2018) 

 

FIGURE	2.7	BLOCK	DIAGRAM	FOR	ENERGY	FLOW	
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COMPONENTS OF THE SYSTEM 

The system allows for efficient power generator medium. A rack is used for transfer power from human 

footsteps to a gear attached to a shaft, the power is then transferred to another gear based arrangement. 

A generator /motor/dynamo is then connected to another gear in order to run it and generate electricity. 

(Projects, 2018) (Bouzidy, 2017)  

• Rack and pinion: - A rack and pinion gears system is composed of two gears. The normal round 

gear is the pinion gear and the straight or flat gear is the rack. A rack and pinion is a type of linear 

actuator that comprises a pair of gears which convert rotational motion into linear motion. The 

circular pinion engages teeth on a linear "gear" bar which is called the “rack “.  

• Gears: A gear is a rotating machine part having cut teeth which mesh with another toothed part to 

transmit torque. Geared devices can change the speed, torque, and direction of a power source. 

Gears almost always produce a change in torque, creating a mechanical advantage, through their 

gear ratio, and thus may be considered a simple machine. 

• Springs: - A spring is defined as an elastic body, whose function to distort when loaded and to 

recover its original shape when the load is removed. 

• Ball bearing: A ball bearing is a type of rolling-element bearing that uses balls to maintain the 

separation between the bearing races. The purpose of a ball bearing is to reduce rotational friction 

and support radial and axial loads. 

• Dynamo - is an electrical generator. This dynamo produces direct current with the use of a 

commutator. Dynamo were the first generator capable of the power industries the dynamo uses 

rotating coils of wire and magnetic fields to convert mechanical rotation into a pulsing direct electric 

current. Battery is used secondary type battery. It is the rechargeable type. A battery is one or more 

electrochemical cells, which store chemical energy and make it available as electric current. There 

are two types of batteries, primary (disposable) and secondary (rechargeable), both of which 

convert chemical energy to electrical energy. (B.D.Parmar, 2018) 
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FIGURE	2.8.	LAYOUT	OF	COMPONENTS	IN	RACK	AND	PINION	MECHANISM	
 

ADVANTAGES 

(a).  Technology of power generation is simple 

(b).  No maintenance required 

(c).  No fuel input needed 

(d).  There is a battery used to store the electricity generated else we can use this generated power for 

conventional purposes. 

(e). This is a non- conventional system 

(f). This system does not depend on weather elements in solar or wind power generation therefore 

energy is available all year round. (Md.Azhar, 2016) 

DISADVANTAGES 

(a).  The system is only applicable in particular places 

(b).  High initial costs  



	 20	

 

2.4.2. USING PIEZOELECTRIC SENSORS 

Piezoelectric sensors are devices that use the piezoelectric effect to measure changes in pressure, 

acceleration, temperature, strain, or force by converting them to an electrical charge.   

PIEZOELECTRIC EFFECT 

It is the ability of some piezoelectric materials such as topaz, quartz and zinc oxide to generate an electric 

charge when they are under mechanical stress. Piezoelectric effect is reversible meaning that when 

mechanical stress is applied to the piezoelectric material, some electric charge is received on the output 

and electricity is applied to the piezoelectric material, the material is either stretched or compressed. There 

are various applications of the piezoelectric effect which include: 

(a). Production and detection of sound 

(b). Generation of high voltage 

(c). Electronic frequency generation  

(d). Microbalances 

(e). Ultra-fine focusing of optical assemblies 

(f). Everyday applications like cigarette lighters 
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PIEZOELECTRIC MATERIAL  

Piezoelectric materials are materials capable of producing electricity when they are under mechanical 

stress. The piezoelectric material that are currently available are both natural and synthetic. This are: 

TABLE	2.9	PIEZOELECTRIC	MATERIALS	CURRENTLY	AVAILABLE	
 

NATURAL SYNTHETIC 

Quartz (most used) Zinc oxide 

Topaz Sodium tungstate  

Rochelle salt Langasite  

Silk Lithium tantalite  

Enamel Potassium niobate  

Dentin Barium Titanate  

Sucrose Calcium barium Titanate 

 

PRINCIPLE OF OPERATION OF PIEZOELECTRIC MATERIALS 

There are modes of operation of piezoelectric materials defined by how the material is cut. These are: 

(a). Transverse effect 

(b). Longitudinal effect 

(c). Shear effect 

 

Transverse effect 

A force is applied along a neutral axis (y). This displaces charges along the (x) direction, perpendicular to 

the line of force. The amount of charge (Qx) depend on the geometrical dimension of the respective 

piezoelectric element. It makes it possible to fine tune sensitivity on the applied force and element 

dimension. 
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 Longitudinal effect 

The amount of charge displaced is proportional to the applied force. It is also independent of the shape and 

size of the piezoelectric element. To increase the output charge, the element are put in series mechanically 

an in parallel electrically. 

Shear effect 

The charge produced is directly proportional to the applied force. It is generated at a right angle to the force. 

The charge is independent of the element size and shape. (Wikipedia.org, 2017) 

BLOCK DIAGRAM 

The basic block diagram of footstep power generation using piezoelectric is as shown below. 

 

 

 

 

 

 

 

  

FIGURE	2.10	SIMPLE	BLOCK	DIAGRAM	OF	PIEZOELECTRIC	FOOTSTEP	POWER	GENERATION	

FOOTSTEP 
ARRANGEMENT 

PIEZOELECTRIC 
MATERIAL 

DC-GENERATOR 

BATTERY 

INVERTOR LIGHT LOAD 
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STEPS INVOLVED IN GENERATING POWER. 

1. Force is applied on the device,  

2. An electrostatic charge corresponding to the inlet power is created by the quartz crystalline. 

3.  The cathodes that are between the crystalline then gather the charge created.  

4. It (the charge) is then either steered straightforwardly to an outer charge amplifier or changed over 

to a low impedance voltage motion inside the device.  

 
FIGURE	2.11.	SAMPLE	OF	A	PIEZOELECTRIC	LOAD	CELL	
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3.0. THEORETICAL FRAMEWORK 

3.1. DESIGN PARAMETERS TO BE CONSIDERED 

For the proposed design the parameters that will be considered are: 

Tension of the springs 

I will use springs which will ensure once the weight/ force applied on the plate is released, the piston goes 

back to its initial position 

Weight of person walking on the system 

I need to establish the relationship between the weight of a person and the power output from my system. 

The system also needs to be in a manner that it accommodates the weight of the person. 

Traffic of people 

For the system to provide the best results it needs to be in a place that has a high traffic of people at any 

given time. 
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3.2. DESIGN COMPONENTS 

The proposed design has the following components 

3.2.1. Stand 

The stand will be made from pieces of a flat bar and cut welded to for a strong support for the other 

components of the model. It will be 40cm long and 22.8cm wide 

3.2.2. Piston 

A piston can be defined as a component of reciprocating engines, reciprocating pumps, gas compressors 

and pneumatic cylinders. For my system the piston will always move downwards and upwards when force/ 

weight is applied and released to it. This downward movement will then be transferred to the link which are 

connected to it. It will be 8cm long by 8cm wide by 4.8cm thick. 

3.2.3. Shafts 

The piston will be connected to two shafts on both of its ends. It is along this shafts that the piston will slide 

up and down as the weight/force is being applied and released on it. They will be 30cm long and have a 

diameter of 1.3cm.  

3.2.4. Plate 

This is the surface on which a person steps on thus pushing the piston downwards. It is simply a piece of 

metal which is connected to the piston by a shaft. 

3.2.5. Springs 

There will be two springs on the model that I will fabricate. The springs will help push the piston back up 

once force/weight is released on the plate. The springs will be 15cm long 
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3.2.6. Linkage 

A linkage, or kinematic chain, is an assembly of links and joints that provide a desired output motion in 

response to a specified input motion. A link is a rigid body that possess at least 2 nodes. A node is an 

attachment point to other links via joints. The order of a link indicates the number of joints to which the link 

is connected (or the number of nodes per link). There are binary (2 nodes), ternary (3 nodes), and 

quaternary (4 nodes) links. A joint is a connection between two or more links at their nodes, which allows 

motion to occur between the links. For my model I will have 1 link. It will be between the piston and a 

flywheel. It will help transfer the up and down motion of the piston to the flywheel. The link will be 14cm 

long with 2 joints on each end 

3.2.7. Flywheel 

This is a rotating mechanical device specifically designed to efficiently store rational energy. A flywheel 

resists changes in rotational speeds by the moment of inertia.  The way to change a flywheel’s stored 

energy without changing its mass is by increasing or decreasing its rotational speed. A flywheel used in 

machines acts as a reservoir to store energy when the supply of energy is excess and the same is released 

when the requirement arises i.e. its primary function is to sort out variations in the speed of a shaft which 

are caused due to torque fluctuations. For my model the flywheel’s purpose will be to smoothen the power 

output. It will help rotate a shaft which will be rotating inside a dynamo. 

3.2.8. Dynamo 

This is an electric is an electric generator that creates direct current using a commutator. To generate the 

direct current, the dynamo will depend on the rotation motion of the shaft inside it which is connected to the 

flywheel. 
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3.3.DESIGN EQUATIONS 

3.3.1. Flywheel 

Fundamental	Principles	of	Flywheel	Design	and	Sizing	Calculations	

One needs to calculate the mass moment of inertia required by the flywheel to smoothing out the 

fluctuation/variation of kinematic energy in the system. This is done as follows. 

Design steps and formulas 

Step-1: Coefficient of fluctuation calculation 

Input required: Maximum & minimum speed 

Flywheel inertia/size depends upon the fluctuations in speed. The difference between maximum & minimum 

speeds during a cycle is called maximum fluctuation of speed. 

The ratio between maximum fluctuations of speed to mean speed is called coefficient of fluctuation of speed 

𝒄𝒔 

Consider,𝝎𝐦𝐚𝐱' Maximum Speed during the cycle 

𝝎𝒎𝒊𝒏 = Minimum speed during the cycle 

𝝎
𝒎𝒆𝒂𝒏	'	

𝝎𝐦𝐚𝐱.	𝝎𝒎𝒊𝒏
𝟐

 …………………………………………………….[3.1] 

Therefore, Coefficient of Fluctuation of speed, 

𝑪𝒔=
[𝟐× 𝝎𝒎𝒂𝒙4𝝎𝒎𝒊𝒏 ]
[𝝎𝒎𝒂𝒙6𝝎𝒎𝒊𝒏]

……………………………………………………[3.2] 
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Note: The smaller the Cs value, larger the flywheel, but smoother the operation. 

Step-2: Mass moment of inertia calculation 

Input required: kinetic energy of the system 

The general equation of kinetic energy for a flywheel system is given as, 

𝑲𝒆 = 𝟎. 𝟓×𝑰	×(𝝎𝒎𝒂𝒙	 − 𝝎𝒎𝒊𝒏)	𝟐………………………………………….[3.3] 

Rewriting eq.3.3 we get 

𝑲𝒆 = 𝟎. 𝟓	𝑰	 𝝎𝒎𝒂𝒙 + 𝝎𝒎𝒊𝒏 	(𝝎𝒎𝒂𝒙 − 𝝎𝒎𝒊𝒏)…………………………………………… ..[3.4] 

Substituting eq.3.1 &3. 2 in eq. 3.4, we get 

𝑰 = 𝑲𝒆
𝑪𝒔	×𝝎𝒎𝒆𝒂𝒏𝟐

……………………………………………………………………….[3.5] 

eq. 3.5 is used to obtain necessary flywheel inertia corresponding to variations in speed. 
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3.3.2. Linkage 

Degrees of Freedom (DOF) 

This is the number of input motions that must be provided in order to provide the desired output or the 

number of independent coordinates required to define the position & orientation of an object  

For a planar mechanism, the degree of freedom (mobility) is given by Gruebler’s Equation, which is: 

𝑭 = 𝟑 𝒏 − 𝟏 − 𝟐𝒎𝒇𝟏……………………………………………………… [3.6] 

Where: 

 n = Total number of links (including a fixed or single ground link)  

f1 = Total number of joints (some joints count as f = ½, 1, 2, or 3) 

3.3.3. Springs 

Accurate and effective spring design can only be accomplished in today's world using computer programs 

capable of running hundreds of simultaneous calculations. Following are just a few of the most basic 

formulas for getting a head start on compression spring design.  

Spring Engineering Constant 

Calculate a spring constant from the spring's geometry and shear modulus. 

𝑲 = 𝑮	𝒅𝟒

𝟖𝑫𝟑		𝒏𝒂
……….………………………………………………… [3.7] 

 

𝑮 = 𝑬
𝟐(𝟏6𝑽)

…………………………………………………………… [3.8] 
 
 
𝑫 = 𝑫𝒐𝒖𝒕𝒆𝒓 − 𝒅……..………………………………………………… [3.9] 
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Spring Engineering Geometry 

Calculate pitch, rise angle and solid height. 

𝑪𝒐𝒊𝒍𝒑𝒊𝒕𝒄𝒉 =
𝑳𝒇𝒓𝒆𝒆
𝒏𝒂

…………………………………………………. [3.10] 

 

 

 

 𝜽 = 𝒂 𝐭𝐚𝐧(	𝑪𝒐𝒊𝒍𝑷𝒊𝒕𝒄𝒉
𝝅𝑫

)……………………………………………… [3.11] 

 

𝑳𝒔𝒐𝒍𝒊𝒅 = 𝒏𝒕𝒅……………………………………………………… [3.12] 
 

Spring Engineering Force and Stress 

Calculate the maximum force a spring can take and the shear stress with consideration to the Wahl 

correction factor. 

𝑭𝒎𝒂𝒙 = 𝒌(𝑳𝒇𝒓𝒆𝒆 − 𝑳𝒔𝒐𝒍𝒊𝒅)………………………………………………. [3.13] 
 

𝝉𝒎𝒂𝒙 =
𝟖𝑾𝑫
𝝅𝒅𝟑

	𝑭𝒎𝒂𝒙…………………………………………………… [3.14] 

 

𝑾 = 𝟒𝑪4𝟏
𝟒𝑪6𝟒

+ 𝟎.𝟔𝟏𝟓
𝑪

	𝑪 = 𝑫
𝒅
…………………………………………….. [3.15] 
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Table	3.1.	Spring	Engineering	Variables	used	in	design	formulas	

Spring wire diameter d 

Spring outside diameter Douter 

Mean diameter of spring D 

Young's modulus of material E 

Max force at solid Fmax 

Shear modulus of material G 

Free length Lfree 

Wire length Lwire 

Solid height Lsolid 

Maximum displacement Ldef 

Maximum load possible Lmax 

Wahl correction factor W 

Spring Constant k 

Active coils na 

Total coils nt 

Density of material p 

Poisson ratio of material v 

Rise angle of spring coils θ 

Maximum shear stress τmax 

(LTD.) 
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4.0. METHODOLOGY 

4.1 .MATERIALS 

To fabricate a model, a variety of materials will be required. Most of the materials to be used will be subject 

to availability as well as the effect they will have on the model. This will include: 

• Flat bar 

• Springs  

• Flywheel 

• Metal shaft 

The above materials will be cut into desired pieces and welded together to create components of the model 

4.2. SITE SELECTION 

For the implementation of the mechanical footstep power generation there are various site conditions that 

deemed necessary for consideration. These include: 

a) Topography 

The nature of slope of the area selected will determine whether or not excavation will be necessary. 

b) Availability of roads or pathways 

The site should have existing roads or pavements or pathways to ensure that people actually walk on the 

system. 

c) Population density 

My system entirely depends on human beings. The more the number of people walking on the system the 

more the power output generated from the system. The site selected therefore needs to have a high 

population of people. 
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4.3. DATA TO BE COLLECTED 

 Data collection before design of any project is very essential to ensure that the project will effectively solve 

the problem faced by the affected parties. Data collection also helps determine the bounds of the project in 

order to achieve its intended purpose. 

Data collected in the course of this design project will come from various sources such as: 

a) Lab tests 

b) On site tests 

c) Observation 

d) Research materials of previously done projects on footstep power generation 

The data that I will need include: 

1. The nature of the springs I will use on the model 

The nature of the spring I will use is very critical for my project. The length as well as the tension of the 

spring will affect the number of revolutions of the flywheel to be used which in turn affects the amount of 

power output received. This data is therefore important as it will help in the fabrication of the model 

2. The weight of the people  

I need to establish whether there is a relationship between the weight of a person and the power output. 

This relationship can only be established after I carry out tests using people of different weights and 

observing the amount of power obtained. 

 

3. The average number of people. 

This will help determine the most suitable site to have the system. The system works best, i.e., generates 

the most power when placed in an area with a high traffic of people. Using observation method, I will be 

able tot identify the most suitable area to have the system so as to generate the most optimum amount of 

energy.  
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4.4. OBJECTIVE 1: Fabrication of a model of the generator 

Using the available materials in the metal workshop the model below was fabricated. The model is a 

modification from the existing rack and pinion mechanism with pneumatic usage. Instead of the pneumatic 

usage I used kinematic links to transfer the up and down movement of the piston to rotate a flywheel. This 

was guided by the engineering drawings as shown in the appendices. The model had various parts as 

described in the design components in the theoretical framework.	  



	 35	

4.5.  Objective 2: Determine the power output. 

With the model it was easy to determine the amount of power generated. This was simply by using the 

model to collect the data of the power that was dissipated. The power output was basically the amount of 

energy stored in the flywheel.                  

 stored energy = sum of kinetic energy of individual mass elements that comprise the flywheel 

𝑲𝒊𝒏𝒆𝒕𝒊𝒄	𝒆𝒏𝒆𝒓𝒈𝒚 = 𝟏
𝟐
×𝑰	×𝝎𝟐………………………………… [4.1] 

Where; 

I = moment of inertia; ability of an object to resist changes in its rotational velocity 

𝜔 = rotational velocity (rpm) 

𝑰 = 𝑲	×	𝑴	×𝑹𝟐……………………………………………… [4.2] 

Where; 

M=mass 

R=Radius 

 k = inertial constant (depends on shape) 

Inertial constants for different shapes: 

Wheel loaded at rim (bicycle tire): k =1 

solid disk of uniform thickness; k = 1/2 

solid sphere; k = 2/5 

spherical shell; k = 2/3 

thin rectangular rod; k = 1/2mmm 
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4.6. Objective 3; Establishing the relationships between the parameters 

and the power output. 

It was necessary to establish the relationships between the parameters that were identified as pertinent to 

power generation and the power output. This was achieved by varying this parameter and observing the 

changes in the amount of power generated by the model. 

4.7. CONCEPTUAL DESIGN OF MECHANICAL FOOTSTEP POWER 
GENERATION 
	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

Figure	4.2.	The	conceptual	design	framework	
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5.0. RESULTS AND DISCUSSION 
5.1. SITE ANALYSIS AND INVENTORY 

5.1.1. Site location. 

	

FIGURE	5.1.	GOOGLE	EARTH	IMAGE	OF	THE	UNIVERSITY	OF	NAIROBI	
The University of Nairobi is based in Nairobi, Kenya. It is one of the largest universities in Kenya with a total 

of about 92,715 people. The fact that it has many people who are always at any given time makes it an 

ideal site for this project. The power generators will be laid at the entrances and exits to the various 

campuses to optimize on the power generated. 
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5.1.2. Data collection 

Average number of people 

The university of Nairobi has an approximate total of 92,715 people including both students and staff 

members in all the colleges. 

The nature of spring used 

I used springs that were 15cm long fro the fabrication 

The weight of the people. 

During testing of the model people of different weights walked on the system. Their weights varied between 

50kgs and 98kgs. 
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5.2. Objective 1:	Fabrication of a model of the generator 

Using the available materials in the metal workshop the model below was fabricated. The model is a 

modification from the existing rack and pinion mechanism with pneumatic usage. Instead of the pneumatic 

usage I used kinematic links to transfer the up and down movement of the piston to rotate a flywheel. 

 

Figure	5.2.	The	fabricated	model	
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5.3. Objective 2: Determine the power output. 

stored energy = sum of kinetic energy of individual mass elements that comprise the flywheel 

using equations 4.1 and 4.2; 

Inertial constants k=1/2 since I used a solid disk of uniform thickness. 

Radius= 11cm 

Mass =895g 

I= 1/2* 0.895* .112 =5.41475*10-3 

W= rotational velocity in (rpm) 

=14/9*60 =93.33 

Kinetic Energy = 1/2*I*w*w 

=1/2*5.4175*10-3*93.332 =23.58 

23.58watts is the amount of energy stored in the flywheel every minute. 

In day the total energy stored assuming that the system is walked on for an average of 16hrs is: 

23.58*16*60=22,640watts. 
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5.4. Objective 3: Establishing the relationship between the parameters 

and the power output 

The average number of people 

This was a directly proportional relationship in that an increase in the number of people walking on the 

system simultaneously caused an increase in the amount of power produced by the system. This was 

because more people translate into more compressions on the piston hence more revolutions of the 

flywheel. 

Weight of the people 

The weight of a person influenced the distance the piston moved as the person walked on the system. This 

therefore influenced the angular velocity of the flywheel which will affect the power output. 

Nature of the spring used. 

The length of the spring affected the output. Using a short spring means that by the time the spring is 

completely compressed the flywheel will not have completed a full revolution. The length of the springs 

therefore affected the angular velocity of the flywheel which intern affected the power output. 
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5.4. COST BENEFIT ANALYSIS 

5.4.1. BILL OF QUANTITIES 

The table below shows the cost of the various parts needed for 20 models. 

 

TABLE	5.1.	THE	BILL	OF	QUANTIES	FOR	20	MODELS	
Number Part details Units Unit cost 

(KSHS) 
No of units Total cost 

(KSHS) 
1 Steel flat bar kg 90 20 1,800 

2 Steel round bar 
(12mm) 

kg 139 20 2,780 

3 Dynamo 
1000KN 

1000KN 680000 20 13,600,000 

4 Battery 12 volts 30,000 20 600,000 
5 Flywheel  130 20 2,600 
6 Labor and 

transport 
 250,000 1 250,000 

    TOTAL 14,457,180 
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5.4.2. COST ANALYSIS 

present value formula and calculation 

𝑷𝑽 = 𝑭𝑽
(𝟏6𝒓)𝒏

………………………………………………………………..[5.1] 

where: 

pv = Present value 

FV = future value expected 

r = Rate of return 

n = number of periods 

Assumptions made 

FV = the total amount in the bill of quantities 

r = 10% 

n = one and a half years 

therefore, the present value of my project: 

=(14,457,180)/(1+0.1)1.5	

=KSHS.12,546,856.91	
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6.0. DICUSSION 

6.1. DESIGN EQUATIONS 

6.1.1. FLYWHEEL EQUATIONS 

Using	equation	3.1;	where;	𝝎
𝒎𝒆𝒂𝒏	'	

𝝎𝐦𝐚𝐱.	𝝎𝒎𝒊𝒏
𝟐

	

And taking the following value; Ѡmin=7/9 * 6.28 = 4.88 rads/sec 

  Ѡ max =14/9 * 6.28 = 9.77 rads/sec 

  Ѡmean = (4.88+9.77)/2 =7.325 rads/sec 

Therefore, Coefficient of Fluctuation of speed, whose equation is 𝑪𝒔=
[𝟐× 𝝎𝒎𝒂𝒙4𝝎𝒎𝒊𝒏 ]
[𝝎𝒎𝒂𝒙6𝝎𝒎𝒊𝒏]

 

= [2*(9.77-4.88)]/ [9.77+4.88] =0.67 

This means that the flywheel was relatively smooth. 
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The table below shows the expected results from a rack and pinion mechanism model against the result 

from my data analysis. (Chun Kit Ang, 2018) 

Table	6.1.	Comparison	of	theoretical	and	the	experimental	power.	
MASS (KG) THEORETICAL POWER (W) 

15-19 0.0736 

20-24 0.0981 

25-29 0.1226 

30-34 0.1472 

35-39 0.1717 

40-44 0.1962 

45-49 0.2207 

50-54 0.2453 

55-59 0.2698 

 

From the model the power output was, approximately 23.58 watts. The results therefore exceeded the 

theoretical results. The fabricated model can therefore be used to generate power for lighting purposes. 

With a few modifications, it is possible to optimize the power generated. 
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7.0. CONCLUSION 

The conversion of kinetic energy from human locomotion into electrical energy is considered a renewable 

energy technique. The design modification in this report demonstrated feasibility of generating electricity by 

making use of a flywheel. 

Having fabricated a model, it was easy to achieve the other objectives: Determining the power output and 

establishing the relationship between the parameters of footstep power generation and the power output. 

From the design I used I was able to identify a number of recommendations which if incorporated to this 

design they would optimize footstep power generation. 

Using experiments which I conducted, I was able to verify the effectiveness of the modification design and 

the findings are promising. 
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8.0. RECOMMENDATIONS. 

(a). Use of a ratchet. 

A ratchet is a mechanical device that allows continuous linear or rotary motion in only one direction while 

preventing motion in the opposite direction. This mechanism would ensure that even after the pressure on 

the plate is released and the piston is pushed back up the flywheel will not stop spinning. This means that 

the power generation would be continuous and not intermittent. 

(b). Modify the system to be used in a staircase 

In the University of Nairobi, apart from pavements and entrances to the various campuses being the areas 

that have the highest people traffic, the staircases in various buildings could help optimize the amount of 

power generated. The current model can therefore be altered to ensure it can easily be used in a site where 

there are stairs 

(c). Modify the system to handle the weight of moving vehicles 

Apart from walking and running, humans also use vehicles to move from one place to another. The design 

modification can therefore be modified further to handle the weight of moving vehicles. This modification 

would be utilized in parking lots and also optimize the amount of power that can be generated 
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10.0. APPENDICES. 
10.1. AUTO CAD DRAWINGS 

	

A-1.	The	stand/	frame	
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A-2.	The	plate	and	the	piston	
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A-.3.	The	flywheel.	

	


