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Abstract
This study proposes a design model for conserving and utilizing energy affordably and intermittently considering the wind 
rush experienced in the patronage of renewable energy sources for cheaper generation of electricity and the solar energy 
potential especially in continents of Africa and Asia. Essentially, the global quest for sustainable development across every 
sector is on the rise; hence, the need for a sustainable method of extracting energy cheaply with less wastage and pollution 
is on the priority list. This research, integrates and formulates different ideologies, factors and variables that have been 
adopted in previous research studies to create an efficient system. Some of the aforementioned researches includes pumped 
hydro gravity storage system, Compressed air gravity storage system, suspended weight in abandoned mine shaft, dynamic 
modelling of gravity energy storage coupled with a PV energy plant and deep ocean gravity energy storage. As an alternative 
and a modification to these systems, this research is proposing a Combined solar and gravity energy storage system. The 
design synthesis and computational modelling of the proposed system model were investigated using a constant height and 
but varying mass. Efficiencies reaching up to 62% was achieved using the chosen design experimental parameters adopted 
in this work. However, this efficiency can be tremendously improved upon if the design parameters are modified putting 
certain key factors which are highlighted in the limitation aspect of this research into consideration. Also, it was observed 
that for a test load of 50 × 103 mA running for 10 h (3600 s), the proposed system will only need to provide a torque of 
3.27Nm and a height range of 66.1 × 104 m when a mass of 10 kg is lifted to give out power of 48 kwh. Since gravity storage 
requires intermittent actions and structured motions, mathematical models were used to analyse the system performance 
characteristics amongst other important parameters using tools like MATLAB Simscape modelling toolbox, Microsoft excel 
and Sysml Model software.
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Abbreviations
B	� Barrel diameter (mm)
β	� Constant developed according to rope diameter for 

rope under loading condition
C	� Centre distance of the connected pulleys (mm)
D1	� Diameter of the intermediate pulley (mm)
D2	� Diameter of dynamo pulley (mm)
ε	� Efficiency (%)
h	� Desired winding depth around the barrel (mm)
H	� Dead-weight travel height (mm)

I	� Load current (mA)
IR	� Inertia required (kgm)
Jd	� Moment of inertia of dynamo pulley (kgm2)
Jm	� Moment of inertia of motor pulley (kgm2)
K.Em	� Kinetic energy of the rotating Motor pulley  

(kgm2/s2)
K.Ed	� Kinetic energy of the rotating dynamo pulley 

(kgm2/s2)
L	� Length of belt required (mm)
Lw	� Length of rope wind round the drum (mm)
mm	� Mass of motor pulley (g)
md	� Mass of dynamo pulley (g)
mR	� Suspended mass to be lifted (mm)
P.E	� Potential energy (kgm2/s2)
V	� Load voltage (V)
ωd	� Angular velocity of dynamo pulley (rad/s)
W	� Distance between flanges (mm)
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rm	� Radius of motor pulley (mm)
T	� Time duration for the weight to span through a 

specified height (s)
αm	� Angular Acceleration of Motor pulley (rad/s2)

Introduction

Renewable energy of any form has been observed over time 
to have high investment costs and therefore necessitate its 
operation where its resource is readily available.

However, the major problem after producing the energy 
is finding the most economical way of storing it due to the 
its variable nature that most often do not match demand pat-
terns. Solar energy, a promising renewable energy, has a rich 
capacity of about 23,000 TW per year and could fully satisfy 
global energy consumption (around 16 TW per year) [1, 2]. 
Effectively, its attractive characteristics of no pollution and 
low operation cost provides it with great practical applica-
tion. Nevertheless, the nature of usage (intermittency) inher-
ently affects its extensive applications and this performance 
specification is also one complicated characteristics of other 
forms of renewable energy as continuous delivery of energy 
is not assured due to some natural and operational altera-
tions. Hence, it is now very imperative to come up with 
designs for energy conversion / storage systems that would 
offset the alterations after production in order to match vari-
able supply with varying demand from users. Hence, the 
need for a buffer to utilize judiciously the excess energy in 
favourable days (days of intense sunlight). This has conse-
quently led to the rapid development of cheap, efficient and 
reliable storage technologies that will aid full maximization 
of renewable energy potential and substantial eradication 
of fossil fuels utilization particularly in temperate regions 
like Africa.

Nowadays, energy production sources are expected to be 
reduced in cost, increased in reliability and have little or no 
carbon emission. The global environmental concerns and 
recent 2016 agreement in Paris have led to strict monitoring 
on greenhouse gases emission and impact on the environ-
ment [3]. These concerns on climate change have conse-
quently driven the focus of energy systems towards renew-
able sustainable energy sources and countless number of 
literatures have suggested that tilting dependability towards 
these renewable resources might boost the availability of 
energy globally. But it tends to be less reliable and cost 
intensive compared to other generating methods that rely on 
fuels. Reliability on a broader scale in terms of meeting load 
demands and assuring efficiency, investigates four aspect 
any renewable energy system which include; energy storage 
system, auxiliary backup, geographical diversification and 
resource diversification. In this research, the attention will 
be geared towards the Energy storage system which is the 

most expensive part. Hence this research aims to design an 
integrated solar energy storage system utilizing the potential 
of gravity using a suspended mass. This will be achieved 
by using a Solar PV cell, bulk booster charge controller, 
Inverter unit, Solenoid device, deep cycle battery, pulley 
block, geared motor, a microcontroller(Arduino) and wire 
ropes.

The utilization of the gravity to store energy of any 
form is an idea in its infant stage [4]. Study shows that the 
pumped hydroelectric storage system (PHES) still remains 
the current most harnessed form of storage in the world on 
a long term and on a large scale [5]. Along the years, a lot 
of variations have been seen in the traditional layout of the 
pumped hydroelectric storage (PHES) but much recently, 
several works have been done on dry (i.e. Waterless) forms 
of gravity storage.

Pumped hydroelectricity accounts for more than 99% of 
the world’s large-scale energy storage making it the most 
utilized method worldwide [5]. In most cases, the system 
comprises of two dams or reservoirs such that one is higher 
and the other is lower to enable the system store potential 
energy by virtue of the water stored in the higher reservoir. 
This potential energy is harnessed when water is released 
from the higher reservoir via a turbine to the lower reservoir 
thus generating energy. Although the numerous advantages 
associated with this system which include large storage 
capacity, high efficiency between 65 and 87% and scalability, 
it still poses some obvious draw backs. The energy density 
of the system is low since the gravity on the earth surface 
is relatively weak; hence, a large reservoir capacity or large 
height variation will be required to store qualitative amount 
of energy [4, 6]. Also, site selection criteria are a major 
consideration.

A typical hydro system that rely on gravity to store energy 
is the dynamic modelling of gravity energy storage coupled 
with a PV energy plant work by Asmae Berrada et al. The 
aim of his model is to investigate gravity effect on energy 
storage. The system basically comprises of a large piston, a 
container filled with water, a return pipeline and a mechani-
cal device to release and store energy. The efficiency of this 
system is estimated to be more than 80% and considered 
to be a comparative design to generate large megawatt of 
power [7, 8]. The gravity power module (GPM) is a similar 
storage system to the piston based pumped hydroelectric 
system developed by Asmae Berrada et al., but it utilizes a 
much larger piston. This system provides power and energy 
in the range of 40 MW/160MWH to 1.6GW/6.4GWH [8].

Similarly, the compressed air gravity storage is also an 
improved modification of Pumped hydro gravity energy stor-
age technology. It is a combination of the concept of gravity 
storage and compressed air. This is actually an interesting 
way to increase the water pressure. Here, a pressure ves-
sel with an air compressor pot was included to the normal 
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gravity storage components to form this system. High atmos-
pheric pressure corresponds to an increasing Pump hydro 
storage (PHS) height difference. For example, adding 2 
mpa to atmospheric pressure equals raising water by 200 m. 
In this way, the energy is stored in the compressed air and 
released in the stored mode when discharging. This gravita-
tional storage of compressed air solves some of the problems 
encountered by bulk energy storage.

This system is economically efficient in the sense that it 
does not require fossil fuels or special regulations (difference 
in height) unlike the pumped gravity hydro [9]. In addition, 
it does not use the expansion of gas turbines and air turbines. 
However, it is constrained by limited availability of natural 
reservoirs located underground and, in its efficiency, com-
pared to battery. Furthermore, in compression of air, there 
tend to be a rapid increase in the temperature of air, hence, 
a part of the energy stored during the process is lost in the 
attempt to realize a reversible cycle process system.

In like manner, the gravitricity system by Charles Blair 
which is believed to possess enormous potential economic ben-
efits. It is projected to produce about 10mwh amount of power 
if used on one of the deepest mines in the UK of about 3000feet 
(about 1250 m) [10, 11]. Basically, the system includes a renew-
able energy source (Wind energy in this case), a suspended 
weight, sets of pulleys (about four) and electric grid network 
[12]. Admittedly, the gravitricity idea looks very much like the 
proposed idea in this paper but its major drawbacks stems from 
limited individual system capacity, availability of data on aban-
doned shaft locations around a geographical location (for exam-
ple in a country). Also, depths and diameter data parameters 
of random mine shaft discovered poses another challenge as it 
will be a rigorous task in estimating how many shafts might be 
amenable to development or redesign [13].

Pedretti et al. in his work made use of crane platform with 
a winch to lift blocks of concrete from the ground to a certain 
height and arranged in a stack of concrete blocks [14]. Dur-
ing low demand periods, the crane carries out the lifting and 
arranging sequence to store energy. The system is said to be 

“fully charged” when the crane has created a tower of concrete 
blocks around itself to a predetermined height. Then, during 
high energy demand period, the reverse takes place. However, 
the main challenges in this work has been figuring out how 
to automate relevant operations, like hooking and unhooking 
concrete blocks, and to counteract the pendulum like move-
ment of the blocks when being lifted or lowered [10]. Also, the 
mathematical complexity in figuring out a precise algorithm 
to ensure the placing of one concrete block on other places a 
huge demand on the design requirement of this system (Fig. 1).

Furthermore, Thomas Morstyn et  al., developed the 
design of Gravity energy storage using suspended weights 
for abandoned mine shafts. Energy is stored in this system 
by delivering current from the electrical network to raise the 
suspended weights along the rail set up in the system. The 
main components of this system include mine shaft, sus-
pended weight, an induction motor connected to the weights 
by ropes and an active inverter (front end) designed to pro-
vide bidirectional interface between the electrical network 
set up and electric motor.

The power delivered from the electric motor is propor-
tional to the speed and mass of the suspended weight. In 
effect, additional power is required to attain higher rates of 
acceleration and this will consequently require higher capac-
ity motors and power electronics to provide high ramp rates 
(e.g. 1 s frequency response) needed by the power system 
services [15, 16]. In this system, power is supplied to the 
grid by the principle of regenerative braking applied in 
most cranes by releasing the mass (suspended weight) and 
recovering the energy stored. The electrical network side 
requires an active front end inverter and AC mains con-
nected to a bi-directional active front end rectifier. In effect, 
a DC capacitor is used in the set up to provide an inter-
face between the rectifier and a voltage source rectifier that 
supplies power to the motor. Essentially, the bi- directional 
rectifier is manipulated in this system to maintain the DC-
link voltage and set the power factor of the energy storage 
system. Pulse width modulation is employed to control the 

Fig. 1   Vee model design 
approach
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inverter which consequently regulates the speed and torque 
of the motor. However, some draw backs are spotted here. 
Mineshafts as we all know are cited outskirt of town sand 
cities thus making it very difficult and uneconomical to be 
transmitting energy from mineshaft that are distant away 
from residential.

In the same way, another area of interest where gravity 
storage is applied lately is the ocean shore. The latest ocean 
storage technology under rapid research and development is 
the DOGES (Deep ocean gravity storage.). It works basically 
via a combination of solar, mechanical and hydrostatic input. 
In the system, when energy is supplied to the photovoltaic 
cell which floats on the ocean surface, it is used to power 
a turbine or pump situated on the ocean bed hat is used to 
force water out of a storage tank on the ocean bed [17, 18].

The system works basically by harnessing the influence 
of potential energy, where the maximum stored energy is the 
difference in potential energy between an empty and a filled 
tank. The system is obviously technologically and economi-
cally viable for locations around the deep oceans of sufficiently 
large depths reaching 500 m. But the challenges to its imple-
mentation and operation are mostly Cavitation, mooring effect 
(which has to do buoyancy effect on the storage structure when 
pipes are empty under the ocean) and hydro turbine manage-
ment which are quite expensive to deal with [17, 19].

Essentially, this research is geared towards designing a 
storage system using non-conventional methods and radical 
ideas with little similitude to previous research but totally 
different in functionality.

This design will store energy using the principle of poten-
tial energy conservation to store large amounts of energy 
during the daylight hours and release the stored energy dur-
ing the night hours proportionately. The method adopted in 
this research requires a comparatively small battery for just 
smoothing out the power output (acting as a buffer and not 
primarily for storage purpose), only when it is required in 
the adjacent building with electrical loads as shown in the 
schematic in Fig. 2 below.

Methodology

A vee model approach will be adopted for the development 
of this design and its verification within along the design pro-
cess. This model approach will analyse the different stages of 
the design the process taken to arrive at the design that make 
up the system lifecycle using simulation within all the stages 
of the design from specification and design concept to real-
time simulation for rapid prototyping and design, testing and 
validation of the system functionality [16, 20, 21]. The chart 
below shows a detailed view of the path the model lifecycle 
will take from the start to validation of the system.

Conceptual design overview

The complete system is made up of solar panels rigidly fixed 
on the roof of a building. Electric cables of considerable 
length and diameter are used to connect the Panels via a diode 

Fig. 2   Isometric layout model of the design
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to a charge controller augmented with an Arduino which 
would regulate charges supplied to the deep cycle batteries, 
the electric geared motor and standby load. The deep cycle 
battery is charged, and it is connected to an inverter which in 
turn is connected to AC loads in a given space (Fig. 3).

In the aspect of the system which aid the storage of 
energy by gravity, the aforementioned geared motor is 
mounted on a foundation connected to the spindle of a 
solenoid which does a reciprocating ram motion to give 
the geared motor a transverse motion back and forth to fit 
the geared motor shaft into a hollow shaft connected to 
an intermediate pulley when the solenoid is energized or 

de-energized. The pulley connected to the shaft is made 
up of two grooves. One act as the string wrap that carries 
the dead weight which falls under gravity when the sole-
noid retracts the geared motor shaft from the pulley shaft 
while the other connects to the dynamo pulley via a flat belt. 
Then, the dynamo is connected to the battery via cables of 
considerable length to avoid losses that may arise due to 
length and resistivity of the cables used.

System dynamics of model

See Fig. 4

Fig. 3   MATLAB simulation model of the design [30]

Fig. 4   Dynamic characteristics of the model design [33]
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System modelling of proposed system using sysml 
models

Essentially, this modelling language software is a general 
purpose modelling language often known as Systems Mod-
elling Languguage(Sysml) [22–25]. It basically allows for 
the representation of system designs using different dia-
grams that gives one an opportunity to have a simple under-
standing of design structures and dynamics. Some of the 
diagrams created on this platform includes Requirement 
Diagram, Block Definition Diagram/Internal Block Diagram 
Parametric Diagram, Activity Diagram/Sequence Diagram, 
etc. Figure 5 below shows some of the diagrams that have 
been created in this research to drive forward the idea of the 
design synthesis. Figure 5a is the Activity diagram of the 
design which depicts the function of every component of the 
system and the interdependence of each components of the 
design. Figure 5b is the block diagram of the system. This 
diagram gives an idea of all the components that make up the 
design model and their corresponding specifications. Lastly, 
Fig. 5c is the parametric diagram of the design model which 
shows the mathematical equations associated with the vari-
ous components that are included in the design. There are 
other diagrams in the modelling language but this research 
will only adopt the three above to make relevant decisions.

Mathematical modelling

This aspect of the study defines the dynamics of each por-
tion of the system mathematically. Here, each component 
that makes the design are related to other components using 
model equations and established mathematical constants and 
equations [22, 26]. The following below were the relevant 
design equations used for the study.

Kinetic energy of the rotating dynamo pulley

Motor Pulley Moment of inertia

Dynamo Pulley Moment of inertia

Kinetic Energy of the rotating Motor pulley

(1)K.Ed =
1

2
× Jd × �

2
d

(2)J� =

1

2
× mm × r2

109

(3)Jd =

1

2
× md × r2

109

(4)K.E� =
1

2
× Jm × �

2
m

Required Inertia

Dead-weight travel height (H)

Mass required

Input Electrical Energy

Current needed to raise the load

Time duration for the weight to span through a speci-
fied height

Energy stored by the battery used

Time it takes to charge the battery

Energy Efficiency

Choice of belt length

Wire ropes and pulley drum capacity design
This design will be done based on uniform tension and 

normal drum rope winding condition. The wire ropes to be 
utilized in this in this design to bear the suspended weight 
will be designed to support their own weight and that of the 
suspended mass under a considerable depth.

(5)I� =
0.5 ×

(

mR + mm

)

×
(

rm
)2

109

(6)H =
P.E

(

kg.
m2

s2

)

× 1000

mR × g

(7)M� =
P.E

(

kg.
m2

s2

)

× 1000

gH

(8)=
Required power (w)

Maximum required lift time(s)

(9)I =
mRgH

Vt
[27]

(10)T =
mRgH

VI

(11)
Battery size (rated AH value) × Voltage of Battery

e.g. 200AH × 12V = 2400 WH

(12)
For Lead Acid Deep cycle battery;

C� =
Battery AH rating

Charging current

(13)� =
Electrical energy consumed

Input Electrical energy
× 100

(14)L = 2c + �

(

d1 + d2

2

)

+

(

d1 + d2

4c

)2
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Model load
TV 20 W on for 4 h per day = 20 Watts.
Radio 10 W on for 2 h per day = 10 Watts.
Water pump 20 W on for 2 h a day = 25 Watts.
Lighting 30 W on for 4 h per day = 20 Watts.
Fan 60 W on for 3 h per day = 20 Watts.
Power Requirement
Electric geared motor = 1.3 watts.
Model load = 95watts.
Total load = 100w atts approx.
Time it takes to charge the battery
For Lead Acid Deep cycle battery.
Required Charging current is usually calculated as 

10% of the AH rating of a battery, this implies,

�������� ���� �� ���� ������� = 200∕20 = 10 h.
This shows that if panels delivering up to 10 amperes 

of current are combined in series, it will take 5 h to charge 
up the battery and the extra hours will be used to lift the 
suspended weight via the current transmitted to the geared 
motor at the time (Table 1).

Model assumptions

1.	 Each row in Tables 2 and 4 represent different test case 
scenarios of loading condition and requirement for a set 
a 10 sample data sets.

2.	 Losses are accounted for in the system using some 
design decisions.

3.	 The following parameters were taken as constants.
4.	 Equations used only exemplifies a proof of concept.
5.	 Each row in Table 2 and Table 4 represents a constant 

load application.
6.	 Potential energy stored by the mass at a height is equal 

to the kinetic energy of the mass as it falls, and losses 
associated with energy conversion is neglected in this 
model.

��������������� �� 200 �� ������� = 200 AH × 10∕100 = 20 Amperes [19]

Results and discussion

Table 2 below shows the information of a test model created 
to investigate the viability of the system. Here, a set of 10 
different load current requirement were analysed highlight-
ing the key parameters that determines functionality of the 
design and the resulting output electrical energy were inves-
tigated bearing in mind that some parameters referring to the 
mathematical modelling were kept constant as highlighted in 
session 3.4.1. However, some of the these parameters were 
actually observed to be constant as the study progresses. 
These parameters includes, Moment of Inertia (kg.m2) 
which was observed to be 16 × 10−6 and Inertia of Motor(M) 
Pulley (kg.m) was 288 × 10−5.

Figure 6 below is a chart showing potential sunshine 
hours and the cumulative size of panel required in watt-
age. The time duration in this case exemplifies the different 
regions around the world with different sunlight stretches 
associated with it and this therefore gives an hypothetical 
feasibility of this technology regionwise (Table 3).

It can be seen that solar panels with higher power rat-
ings or a combination of mutiple panels will be required in 
regions of low sunlight stretches. Also, the regions with sun-
light duration of one hour during the day will require solar 
PV panels of 500watts while those parts with 6 to 9 h of sun-
light duration will require 80, 70 and 60 watts, respectively. 
This essentially proves the importance of effective utilization 
of this energy potential in continent like Asia or Africa with 
long sunlight stretches as they will require limited amount of 
panels consequently reducing the cost incurred on purchase 
of PV cells during set up.

Figure 7 is a chart showing the amount of current required 
to raise suspended weight of varying masses through a con-
stant height. It can be seen that as the values of the masses 
increases, the current required gets larger. This shows that 
adopting the method of increasing the magnitude of the mass 
when setting up this storage system will assure reduction in 
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capital cost as less solar PV cells will be required to sup-
ply sufficient amount of current needed for raising of the 
weight and charging the battery. The graph also shows the 
correlation between the mass required and the corresponding 
current requirement in the system. The chart clearly shows 
that as the mass to be lifted up a constant height increases 
the current required in the design also increases. This clearly 
explains that as the mass to be lifted through a certain height 
is increased a higher amount of energy will be needed to 
actualize the task of lifting. This definitely will go a long 
way to help in design synthesis during the design phase of a 
project that incorporates this technology.

Figure 8 is a chart showing the time duration for vary-
ing sizes of suspended weight raised up over a constant 

Fig. 5   a Activity diagram of Model b block definition diagram c parametric diagram of model

Table 1   Constant parameters used in Varying load output against var-
ying weight over a constant height design

S/N Parameters Values

1 Load voltage (V), 12
2 Rated voltage of motor (V) 12
3 Time duration(s) 5
4 Mass of dynamo pulley (g), 50
5 Mass of Motor (M) Pulley (g) 100
6 Radius of Motor (M) 24
7 Radius of Dynamo Pulley (g), 8
8 Acceleration due to gravity (m/s2) 9.81
9 Weight Travel height (m) 2
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height when a constant current is assumed to be delivered 
by the solar PV cell. This simply proves that as the masses 
increases, the time taken for the weight to be raised to the 
top is also increased. This is depicted in the chart above 
which shows the straight-line plot increasing from left to 
right of the graph. For example, if there is a project which 
is planning to design for a test mass of 6 kg to be lifted over 
a specified height span, from this experiment we can safely 
say from our model study that it will take about 50 to 55 s 
for the mass to be lifted up to the top reference in order to 
potential energy.

Figure 9 above shows the efficiency based on the test 
parameters tends to be increase with a R-Square value of 
0.9475 as the mass of the dead weight is increasing over 
a constant height. It can also be seen that the efficiency 
seems fairly constant at some points in the graph. This sce-
nario occurs because as the mass increases while the travel 
height is still constant, the mass tends to get to the lower 
reference within a shorter time causing a transient energy 
dissipation. The output obtained when efficiency is calcu-
lated shows that high efficiency cannot be guaranteed by 
varying only the dead weight mass and leaving the travel 
height constant. More so, from Fig. 9, the energy output 
in this case study increases as the mass of the dead weight 
increases. This invariably accounts for the increase in effi-
ciency reaching about 62% with a high correlation coeffi-
cient for this case study. This efficiency can be improved on 
if the design parameters are modified putting keys factors 
into consideration.

Figure 9.b above is the result of the MATLAB(simscape) 
simulation of the model in Fig. 3. This result simply shows 
the increase in speed of the dc motor in response to the fall-
ing weight. As the weight continues to fall, more currents 
are stored in the battery thereby increasing the speed of the 
motor. When the current in the battery starts reducing, the 
reverse of the representation on this graph will occur until 
the speed approaches zero signifying the current had been 
fully exhausted.

Model load requirement comparison 
between proposed system and existing system

From Table 2 above this study have analysed the effect of 
varying model parameters on the output electrical energy 
generated from the dynamo to the inverter in this research 
design. In the following Table 4, these same parameters are 
used to analyse existing system to reveal requirements that 
makes this proposed design a preferable alternative to it. 
Here, some realistic load requirements relative to real-life 
systems were analysed and the following were some of the 
assumptions and constants implemented in the investiga-
tion. Moreover, some of the parameters were not included 
in the table as highlighted in the mathematical model due to Ta
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the resulting complexity of the data that will be presented. 
However, the ones presented are the key ones that interpretes 
the design system characteristics alongside the constants and 
assumptions.

From Table 4 above, it can be seen that the requirements 
of the proposed and existing system are simply affected 

by some key parameters which invariably influences our 
choices. For instance, for a load of 50 × 103 mA running for 
10 h (3600 s), the proposed system will only need to pro-
vide a torque of 3.27 Nm and a height range of 66.1 × 104 m 
when a mass of 10 kg is lifted to give out power of 48kwh. 
Using the same load requirements, the existing solar system 
which basically store energy and deliver using battery will 
require 3 deep cycle batteries of 200 amperes-hour rating. 
This invariably shows outrightly on the cost effect on exist-
ing systems making it out of bound zone for a vast majority 
who appreciates this form of energy but lacks the capital to 
facilitate it. More importantly, the continent of Africa will be 
an ideal location for citing this proposed idea due to its huge 
sunlight potential and high volume of metal scrap materials 
which can be converted to suspended weights with reason-
able torque value. At the moment not much has been done 
in harvesting, this wealth of energy principally because of 
this cost effect associated with its installation of the existing 
systems utilizing batteries primarily for storage purposes. 
Another issue of concern here will be the life span of the 
battery used in the systems. The life span of the battery in 
this proposed storage system will be longer since the battery 
utilized here will have a constant output hour duration irre-
spective of the energy output from the generating part of the 
system [19]. For the existing systems which utilizes multiple 
batteries for storage, the batteries tend to recalibrate due to 
changes in output hour duration and this reduces the lasting 
hours of the battery after a while thus giving an early wake 
up call for preventive maintenance.

More so, a faulty battery amongst the batteries used for 
storage in existing systems affects the entire battery system 
output and this is difficult to diagnose if the batteries used 
are much, but this proposed system have limited component 
and by simple visual inspection faulty part can be easily 
detected thus giving room for easy maintenance procedures. 
Lastly, a wrong battery connection (open circuit or short 
circuit) in the existing systems using batteries primarily for 
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Table 3   Constant parameters considered in the design of model load 
requirement comparison between proposed system and existing sys-
tem

S/N Parameters Values

1 Load Voltage (V), 12
2 Rated Voltage of Motor (V) 12
3 Time duration(s) 5
4 Mass of Dynamo Pulley (g), 50
5 Mass of Motor(M) Pulley (g) 100
6 Radius of Motor(M) 24
7 Radius of Dynamo Pulley (g), 8
8 Acceleration due to gravity (m/s2) 9.81
9 Weight Travel height (m) 2

Fig. 7   Current required for 
varying masses
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storage can result in power loss or fire outbreak, respectively, 
in worse case scenarios but the proposed system has a huge 
factor of safety terms of fire outbreak since batteries used are 
limited in number and are used primarily as buffers. Essen-
tially, this system will be very effective in areas of large sun-
light exposure duration to generate energy for farm works, 
domestic use and other commercial purposes. The unique 
characteristic of this system that makes it versatile is the 
fact that it is not restricted to a particular land topographical 
reference or expensive component design materials.

Limitations

The proposed model is a multi-state energy conversion sys-
tem and a such will entertain losses along the line of genera-
tion, transmission, storage and consumption. The efficiency 
as observed in Fig. 9 above are not really large as desired in 
working systems. Essentially, this is due to the losses occur-
ring in some part of the system during operation. Some of 

the likely areas where losses are occurring in the model sys-
tem design include the following;

Belts and pulley drive

•	 Friction occurring between the flat belt and pulley during 
power transmission (belts and pulley).

•	 Rotational kinetic energy loss.
•	 A coefficient of static friction of 0.30 between the belt 

and pulley material incurring some percentage loss in 
the total power is assumed in this design since. The slip 
between the belt and pulley deprives the transmission 
of total power. Hence, this is another reason for drop in 
efficiency.

Electrical cables

All cables have losses and will ultimately limit the per-
formance of a system. However, the magnitude of the loss 
depends on the cable specifications.

Electrical resistance in wires utilized for establishment of 
connection between the various components that make up 
the system entertains I2R losses (in form of heat).

Chemical reactions in battery

During the charging and discharging of the batteries 
used as buffer, some losses also occur since the chemical 
reactions(electrolysis) associated with the process is not per-
fectly reversible. During the conversion of chemical energy 
to electrical energy, the conversion factor for lithium ion 
batteries is between 0.8 and 0.9 [27, 28]. This means there 
are losses between 0.1 and 0.2 which are not accounted for 
that can be seen as heat since energy cannot be destroyed 
(first law of thermodynamics).
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Energy conversion process

Hysteresis losses occurs in the following processes in the 
model operation [29];

•	 When converting potential energy into electrical energy 
with a generator (dynamo).

•	 Converting electrical energy into potential energy using 
the geared motor.

•	 Converting potential energy into kinetic energy and back 
which loses energy from air resistance in the stator.

Based on the physics of energy conservation and conver-
sion, the maximum kinetic energy a mass can gain is equal 
to the potential energy it can lose. In the proposed design, 
the total energy loss in the conversion processes listed above 
but not accounted therefore contribute to the agents of inef-
ficiency index.

Conclusion

The alternative gravity storage system is very simple, and all 
its components are quite reachable in terms of availability 
in the market. The basic difference between this alterna-
tive gravity storage system and other gravity storage tech-
niques currently in the literature is that this concept can be 
applied on both domestic for household utilization or on a 
commercial scale depending on the electricity demand of 
the area applied [30, 31, 32]. Also, this module can be eas-
ily constructed to demonstrate principle of conversion of 
potential energy via gravitational influence on various form 
of energy on small scale to students in colleges and col-
leges, design manufacturers in the industry, exhibition to 
the general public, etc. Essentially, due to the importance 
and rising necessity for energy storage in combating climate 
issues as it brings about the integration of renewable energy 
into the national grid network, this work designed a new 
storage method that is environmentally friendly and reduce 
the pathway to cost effects. Hence, a concept approach to 
optimally harness gravity storage was proposed. The techni-
cal analysis in the work constitute the design of the optimal 
that could generate and store energy in the light of all con-
straints involved. This storage system has been described 
in this context using necessary performance parameters 
associated with energy storage which include energy effi-
ciency value (charge/discharge rate), System capacity, etc. 
These aforementioned parameters and others listed in the 
work were used as measures to identify the viability of the 
storage system. Subsequent optimization of the design and 
sizing of this storage method might enable the gravity stor-
age approach to compete favourably with current storage 
solutions already in the market.Ta
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Further research on this subject area could compromise 
the methodology on sizing, configuration, area of applica-
tion, etc. For modelling other applications in the grid refer-
ence. Essentially, the model could be analysed for param-
eters that this design did not put into consideration. The 
model could be analysed using other constrain and assump-
tions which includes mainly the demand and transmission 
at different time frame. Also, on a commercial scale, a mag-
netic clutch can be used between the geared motor and the 
pulley carrying the weight to facilitate quick response time. 
Also, a high frequency capacitor or alternators that delivers 
up to 40amperes of current like the ones used in vehicles can 
be considered in place of the dynamo to facilitate fast charg-
ing of the battery for a more larger system specification.
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