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Abstract— In this paper, we proposed and designed a bio-
inspired integrated cost-effective computational framework for
generating and managing sustainable energy from biologically-
related sources. The objective is to maximize the utilization of
natural and biological sources of energy, for energy production
among developing countries.

First, we studied previously known sources of clean and
sustainable energy. Second, we conducted a comparative study
among these previously known energy sources. We conclude
that these previously known energy sources are expensive and
have the tendency to exhibit unimpressive performances in
their distribution and management. In order to guarantee
excellent performance and at a relatively cheaper rate, we
proposed and designed a bio-inspired computational
framework of integrated energy sources and bio-solar cells, to
provide energy for local communities in developing countries.
Third, we simulated an intelligent energy distribution
management system for a typical residential unit within the
proposed prototype of the bio-inspired computational
framework. We provided justification that our framework has
better potentials in terms of management, than existing energy
sources.

Keywords—  Biocomputing, computational framework,
energy, electricity, bio-solar cells, developing countries

I. INTRODUCTION

Energy plays a very significant role in the day-to-day
activity of the human life. It is interesting to note that there
are different kinds of energy sources. The different sources
of energy include biomass [1, 2, 8, 9, 10, 11], biofuel, fossil
fuel, solar [6, 7, 12]. Others include: nuclear power [13, 14,
15], hydroelectric [16, 17, 18, 19], geothermal [20, 21, 22],
solar [23, 24] and others such as wind, and wave. Studies
have shown over the years that it is possible to generate
energy from biomass [3]. It has been proven that world crop
residue can help generate biofuel [4]. In fact, Hoogwijk and
colleagues [5] conducted a study where they were able to
project the technical and geographical potential inherent in
energy crops to generate biomass energy between the years

2050 — 2100. They analyzed these potentials as an alternative
source of electricity and energy, given different land-use
scenario. From their study [5], they envisaged that the
geographical potential of land that have been excluded from
agricultural purposes, is the most likely greatest contributor.
They also predicted that, land that have been excluded from
agricultural purposes, will have a geographical potential, of a
range of130 EJyr-1 to 410 EJyr-1 for the year 2050. In a
similar fashion, the predicted geographical potential of
excluded lands for year 2100 ranged from 240 to 850 EJ
yr—1. The researchers discovered significant potentials in
former Soviet Union, eastern Asia and the southern America.
They stated that these geographical potentials can be
converted into electricity. It is thus evident that energy can
be produced from biomass, which is one of the renewable
sources of energies [8]. Peter McKendry, in his works [8, 9],
provided an overview of how energy can be generated from
biomass. Biomass, by gasification, can also be converted into
fuels [10, 11, and 12].

One of the problems common among many developing
countries, is the epileptic nature of electricity supply and
distribution. This problem generates a ripple effect, by
negatively affecting all sectors of such nations’ economy.
The aim of this research is the proposal of a computational
framework, for exploring and adopting biologically-related
energy sources. Our focus will be on the application of
knowledge to the computational integration of biomass, bio-
solar cells and biofuel, as hybrid sources of energy. The
objectives of this research are: (i) to conduct literature search
and comparative analysis on different energy types (ii) to
propose a prototype of a bio-inspired computational
framework (iii) to simulate an intelligent energy distribution
management system, for a typical residential unit, within the
proposed prototype of the bio-inspired computational
framework (iv) to discuss the benefits that accrue to the
implementation of the proposed framework (v) to
demonstrate how this integrated energy sources will solve
the existing electricity challenge in developing countries.
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The structure of the paper is as follows: comparative
description of energy sources is the subject of section 2. This
is followed by the section on the description of the proposed
bio-inspired computational framework. The demonstration of
the simulation of an intelligent energy distribution
management system for the framework, is the subject of
section 4. Section 5 depicts the simulation results. Section 6
focuses on discussion of results and benefits of implementing
the proposed framework. Section 6, also discussed how to
adapt these energy sources to provide and manage electricity
distribution for remote communities in developing countries.
Recommendations is the subject of section 7.

Il. Review and comparative description of Energy sources

There are different kinds of sources of clean and sustainable
energy. Many literatures have been published to proffer
solutions to societal energy needs. In the literature review
section of this article, we shall be focusing on the solar,
biomass and the bio-fuel sources of energy. We review some
of them in our study. Solar energy is a very important source
of energy [23, 24]. In a review conducted by Mekhilef and
colleagues [25], solar energy conversion was identified as a
source of generating heat and producing electricity. Various
uses and applications of solar thermal energy were identified.
In their work, they specifically focused on the utilization of
solar energy in industries and industrial applications, that are
solar-energy compatible [25]. The world cumulative solar
energy capacity, as at 2009, was estimated to be 22928.9
MW [26]. Solangi and colleagues reviewed different solar
energy policies around the world. From their study, they
discovered that the most beneficial solar energy policies
around the world are the FIT, RPS and incentives [26]. In
another study, Mills [27], discussed advances and funding
for different solar energy technologies in Europe, Australia
and the USA. He also made suggestions for effective
support. He further estimated that in the next fifty years
(around 2054), the market for solar energy would have
greatly increased in order to achieve climate goals. He also
suggested that significant storage be installed in order to
enhance the market of solar energy [27].

Biomass energy is another source of energy that can be
converted to electricity [31]. Energy can be generated from
biomass in three major ways [32] namely through; thermo-
chemical conversion processes, photo-biological conversion
processes, and biochemical conversion processes (anaerobic
digestion and fermentation processes [33]). These are
conversion processes for biomass [11]. These and other types
of energy have been enumerated in Table 1.

We took the literature review a step further, by conducting an
extensive tabular comparative analysis among different
energy sources, by focusing on their respective merits,
demerits, applications and references (See Table 1). From
Table 1, based on the demerit of each energy source, we
conclude that these energy types are expensive and have the
tendency to exhibit unimpressive performances.

Il. PROPOSED BIO-INSPIRED COMPUTATIONAL FRAMEWORK

Computational frameworks are essential platforms for
solving real-life problems. Some computational frameworks
have been previously developed and applied to address other
problem domains [78]; [79] [80]. Biomass, biofuel and solar
sources of energy are biologically-related clean energy
sources. In this section, we describe the various components
of our proposed computational framework.

(i) Biomass represents the entirety of organisms or
organic matter, with respect to its volume or its quantity.
Biomass is a biologically-related source of energy. Biomass
[32] has been discussed in the literature review section. In
figure 1, there exists a biomass energy plant. Biomass is an
energy source that can be tapped, converted [11, 33] and
stored in energy banks within this proposed framework.

(i) Bio-Solar Panel [62]: This novel infrastructure
integrates cyanobacteria (blue-green algae) into the building
of bio-solar cells in order to continually generate and
produce clean energy. Cyanobacteria inhabit terrestrial and
aquatic habitats. The mechanism of the bio-solar panel is
such that it consistently generates electricity from
photosynthesis and  respiratory  activities of the
cyanobacteria. The bio-solar cells can be connected in a
matrix-like pattern which could be a 7 by 7 (7 X 7
composition) matrix formation or 10 by 10 (10 X 10
composition) or 1000 by 1000 (1000 X 1000 composition)
matrix composition or even matrix patterns of very high
dimension. It was estimated in the work of Wei and
colleagues [62, 63] that a typical solar panel made up of 60
cells (6 X 10) configuration generated about 200Watts of
electrical power.

Photosynthesis process in cyanobacteria is governed by the
general photosynthesis equgation:
6CO, +6H,0 » C, H,,0, + 60,

Carbondioxde Water Sugar Oxygen

.....Equation 1

Cyanobacteria undergo the Calvin cycle, which is a light
independent chemical reaction, that reduces Adenosine
Triphosphate ((ATP) useful in cellular energy transfer)), and
NADPH (the reduced form of Nicotinamide adenine
dinucleotide phosphate (NADP+)), to form more
carbohydrates such as glucose. Atmospheric carbondioxide
is also integrated into RuBP (Ribulose BisPhosphate) [64,
65]. Respiratory processes also occur in cyanobacteria. The
light-independent reaction for cyanobacteria is depicted
through the Calvin cycle [66, 67] as shown in Equation 2.

3CO, + 6NADPH +5H,0 +9ATP —
glyceraldehyde— 3 — phosphatdG3P) +
2H" +6NADP" +9ADP +8P,

......... Equation 2
(whereR =inorganicfhosphate

The process involves the capturing of CO, from the
atmosphere, and then newly created NADPH are used, and



three carbon sugars are released to ultimately form starch and
sucrose.

The bio-solar panel within the proposed bio-inspired
computational framework is an infrastructure that absorbs
rays and sunlight energy from the sun, thus storing and
converting energy from the sun into useful forms. This
energy becomes transferred to and stored in an energy banks
(See Figure 1), through an energy conversion [6, 23, 26] and
storage mechanism [29, 30]. With these features, this
infrastructure can be self-sustaining.

(iii) Biofuel energy plant: This facility is the biofuel
infrastructure from which energy can be generated, tapped
and stored into energy banks. It should be noted that biofuel
can be produced from biomass [32, 33].

(iv) Energy Conversion and storage mechanism: These are
the mechanisms for converting biomass [11, 32, and 33],
biofuel [32] and solar energy into a storable form. Here, the
converted energy is stored in energy banks.

(v) Energy banks/reservoirs: These a repository for
accommodation and long-term storage of energy obtained
from biofuel, biomass and solar sources. Biomass and bio-
fuel energy can be stored in dedicated energy banks [68, 69].
Energy generated from bio-solar cells can be stored in fuel
cells, super batteries, specialized energy banks and super
capacitors [70, 71, 72, 73, and 74].

(vi) Computers and software: These represent an intelligent
electricity management system. This will involve the
development of a smart electricity distribution and cloud
computing infrastructure [75]. Here, the advantage of using
computer systems is to help automate the process of
electricity distribution and management. The computer
systems will help to contribute to the control and
management of the energy system. Furthermore, the software
that will be used for managing and distributing energy will
be resident on such systems. Hardware and servers will
complement such computer systems. They will help to
effectively and efficiently channel electricity, which in turn,
can be distributed to the local communities in need of
electricity. The cost of these computer systems in terms of
energy consumption will be minimal. The output decisions
for this computer systems will be to depict the amount of
energy allocated to each household within a local
community, the amount of energy consumed by each
household, and the reserved energy left in the energy banks.

(vii) Servers and Hardware: These are the equipment and
servers that will ensure effective communication and
transmission of electricity to appropriate quarters.

(viii) Electricity distribution switch box and controller: The
computers and software communicate with hardware to
distribute electricity through the switch box to communities
where the electricity is needed.

(ix) A small community powered by electricity: In this
proposed computational framework, we used a sample or
prototype of just ten (10) houses within a small community
(See Figure 1).

This computational framework provides a platform to store,
manage, and distribute energy. Natural and biological
sources of energy, that have been tapped, and converted, into
useful forms, are managed by the computational framework,
for electricity generation, to rural communities.

I11. SIMULATION OF AN INTELLIGENT ENERGY DISTRIBUTION
MANAGEMENT SYSTEM

Simulation and modeling play important roles in the process
of problem-solving. They have been applied at solving
different types of problems [81][82] [83][84].

For the purpose of our experimentation, we performed two
(2) separate simulations. First, we used a simulation software
known as the MATLAB-Simulink simulation tool to depict
the use of bio-solar cells systems in connection with a utility
grid, via a boost converter, and voltage source controller.
The function of the boost converter is to increase the natural
voltage generated by the PV array, in order to increase both
the efficiency and rate at which the PV arrays generate
electricity. It also ensures a backup storage of energy in the
battery. We included a Maximum Power Point Tracking
(MPPT) in the boost converter, in order to extract maximum
available power from a PV module. The voltage produced by
the boost converter is converted by the voltage source
converter to 250+/- AC so that loads in residential units can
be powered up (See Figure 4 and 5). We also used Window
SDK7.1 in Simulink as a C compiler. The compiler was
included in Matlab, by using mex-setup in the Matlab
command window, after we successfully installed the
SDK7.1.

Second, we implemented the second simulation by using a
Proteus Design Suite (PDS) software (developed by
Labcenter Electronics;
https://www.labcenter.com/pcb/#tuning), and by embedding
the Arduino library into it. A Proteus Design Suite software
is a design suite that can be used for electronic design
automation and microcontroller simulation.

In our experiment, the Arduino library was actually
incorporated into the library folder of the program file in the
Labcenter electronics folder. The compiled C++ codes
written in the Arduino IDE (See Figure 2), helps the Arduino
board to the control the board (See Figure 3).

The Proteus Design Suite (PDS) was redesigned to
consist of simulation of a 5V battery, a potentiometer,
Relays, a 16 by 2 Liquid Crystal Display (LCD), Lamps,
Arduino Uno board (See Figure 4). We used LCDs because
this is just a prototype. The LCD helps to display the value
and readings of the battery. Pin4 of the LCD was connected
to pin 12 of the Arduino board. Pin 6 was connected to Pin
11, Pin 13 was connected to Pin 5, and pin 14 was connected
to pin 4. The battery was connected to the Arduino board to
power the board, and turn on appliances. Relays were used
for automatic switching on and off of circuits. The lamps
served as loads and were connected to the relay.
Potentiometer helped to measure the voltage in the battery.
We adopted and focused on voltage because this is just a
prototype. The implementation of the real system will focus
on energy with Megawatts (MWh) units.

In summary, the minimum hardware requirements for our
implementation include: A personal computer, Processor:
multiprocessor, Hard disk: 500GB or higher. Ram: 4GB or
higher. The software requirements for this implementation
include:  Windows operating system 7/8/10, Microsoft
Visual Studio 2010, .Net Framework 4.5, Windows SDK 7.1,
C++ programming language compiler, Arduino Library for
Proteus. The simulation software are Matlab-Simulink



R2013a or higher and the Proteus Design Suite simulation
software 8.0 or higher.

IVV. RESULTS OF SIMULATION

The results produced by the simulations, were in form of
graphs, digital measurements, and display graphics. The
average value of voltage obtained from the PV array with
respect to changes in the sun’s irradiance is depicted by the
Pmean graph. The V graph shows the amount of voltage
being produced after it has been converted by the voltage
source converter. The ratio of the pulse width to the pulse
period is depicted by the duty cycle graph. The intensity of
the sunlight that hits the bio-solar panels is depicted by the
irradiance of the sun. Changes in the irradiance affect the
amount of voltage the bio-solar panels can produce (See
Figure 6, 7, 8, 9 and 10).

V. DISCUSSION

A. Discussion of the results of the simulation

In Figure 7, the output depicted in the Proteus Design Suite
(PDS) software, shows when the voltage in the battery is
higher than the first preset level. In Figure 8, the output
depicted in the Proteus Design Suite (PDS) software,
revealed when the voltage in the battery is lower than the
first preset level. For Figure 9, the voltage in the battery is
lower than the second preset level. In Figure 10, the Proteus
Design Suite (PDS) software display showed that the voltage
in the battery is lower than the third preset level. An analogy
of this output is described as follows:

In order to have a proper understanding of this output,
there is a need to provide a vivid description of the scenario.
For instance, in a residential unit, assuming we have a
battery that is capable to storing 50V from the bio-solar
panel, and it needs to supply voltage to appliances within a
residential unit. Let us assume that there are three (3)
appliances within the residential unit namely; bulb (6V),
standing fan (10V), and TV (25V). We set bulb at high
priority because if someone enters a residential apartment at
night, the person requires light to see in order to switch on
the fan and then the TV.

The general scenario is when the intelligent energy
management and distribution system checks if the amount of
voltage present in the battery is capable of powering all the
appliances within the residential unit. If it has the capability,
then the battery powers all appliances.

First scenario, if our first preset level is 40V, this implies
that the amount of voltage that can be allowed out of the bio-
solar powered battery is close to 40V because the battery
needs some voltage to maintain its reserved state. Therefore,
with our first preset level at 40V, we assume that the
intelligent system turns on the Fan (10V) at medium priority,
turns on the bulb(6V) at highest priority, and because the
battery needs some voltage for its reserved state, it will not
have sufficient voltage to power the TV(which requires
25V). Thus the TV is automatically turned off and set as
lowest priority.

Second scenario, if our second preset level is 30V, this
implies that the amount of voltage that can be supplied by the
bio-solar powered battery is close to 30V since the battery

still needs some voltage to support its reserved state. Thus,
with our second preset level at 30V, we assume that the
intelligent system turns on the bulb (6V) at highest priority,
since our battery cannot power the TV (25V) — lowest
priority due to insufficient voltage, the TV will be turned off.
The intelligent system will also turn off the fan (10V)-
medium priority, because the battery needs some voltage to
sustain its reserved state.

Third scenario, if our third preset level is 20V, this
implies that the voltage that can be generated by the bio-solar
powered battery is close to 20V because the battery needs
voltage to sustain its reserved state. With a third preset level
of 20V, we assume that our intelligent system turns off all
appliances and displays RESERVE on the Liquid Crystal
Display (LCD).

B. Benefits of the proposed Bio-inspired computational
framework

Some of the benefits of the proposed framework are as
follows: (i) It will help supply well optimized energy to
appliances within residential units of small communities (ii)
The energy will be well managed using Information
Technology and Computational equipments (iii) Energy
generated can be stored and later utilized (so there is no
wastage of resources) (iv) The computers, hardware, server
are also powered by energy from the energy banks (v) It will
help solve the problem of dwindling electricity supply
currently experienced in many local communities in Africa
and other developing nations.

This technology, if fully implemented, can be applied to
support Research and Development (R&D) on a small scale.
This technology will also be able to support education, and
proffer solution to the existing electricity challenge among
small communities in developing countries. It will act as an
alternative energy source to provide better services. The
evidence from the simulation experiments, in this research,
provides justification, that it is possible in real-life, to
implement this bio-inspired computational framework.

VI. RECOMMENDATIONS

This proposed bio-inspired computational framework
should be constructed in a secured environment. Adequate
monitoring and security should be provided for the
framework, after it has been implemented. The constructed
prototype should be weather-proof — it should be built in a
secured facility. Storm, excessive heat, or other adverse
weather conditions should not be able to affect it. The
constructed prototype should be well-tested. Mobile
applications can be integrated and used to activate the
monitoring of energy distribution and management.

Government of developing nations, Non-Governmental
Organizations (NGOs) and relevant international scientific
research bodies, should fund research in this direction, in
order to solve existing electricity management challenges
among developing countries.
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Figure 1: Schematic depiction of the proposed bio-inspired computational
framework
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Figure 2: Screenshot of the Arduino code written and compiled in the
Arduino IDE. The Arduino code written in C++ controls the Arduino
board. This enables the intelligent load shedding operation based on
priorities set by each user.
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Figure 3: screenshot of how the code is included into the Arduino board on
Proteus. After the code has been compiled in the Arduino IDE, it is
included in the Arduino board under the program file section like this.
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Figure7: Output in Proteus Design Suite when the voltage in
the battery is higher than the first preset level
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Figure 8: output display in Proteus Design Suite(PDS) when
the voltage in the battery is lower than the first preset level
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Figure9: output display in Proteus Design Suite(PDS), when
the voltage in the battery is lower than the second preset
level.
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level.
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Table 1. Comparative depiction of previously known sources
of clean and sustainable energy

Energy Merits demerits applications References
sources
Solar energy improves energy stability, increases energy | Solar energy conversion | Producing energy and | [25][26][27][28][29][30]
sustainability, enhances system efficiency, | equipment are expensive; | electricity in industries,
conversion reduction; Renewable energy, | unfavorable geographical and | educational institutions,
reduced negative environmental impact, reduces | climatic variability; uneven | research institutions, homes,
the emissions of greenhouse gases and | seasonal distribution of solar | government parastatals.
preveents toxic gas emissions, | energy resource;

(SO2,particulates); reclamation of degraded
land; reduces the required transmission lines of
electricity grids; and improves the quality of
water resources; Job creation; provision of
energy market; used to generate electricity;
cheaper than other energy sources

Biomass & | Used to generate electricity; Less pollution | Expensive preliminary setup | Production of bio-fuels, | [3,4,5,8,9,10,11,12]
bio-fuels emission; more economic benefits; provision of | cost; requires large land mass. | gasification, industrial | [31,34,35,36]
energy more jobs; clean energy; no harmful emissions; energy productions,
cheap and readily available renewable energy; residential electricity
decresases fossil fuel carbon emissions; cheaper generation; bio-oils used to
than other energy sources produce  chemicals and
fertilizers, bio-oils that can
be used to operate engines,
turbines and boilers
geothermal Used to generate electricity; cost-competitive | Heat transfer problem; Space heating; industrial | [37][38][39][40][41][42]
energy with other energy sources; reduces the emission processes; greenhouses
of greenhouse gases. heating, aquaculture pond
heating, district heating,

bathing and swimming pool
heating; agricultural drying,

snow melting; raceway
heating
nuclear energy | Used to generate electricity; used for powering | Nuclear accidents leads to | used for powering industrial | [43][44][45] [46][47][48]
industrial processes; death;  cancer infection; | processes; used for | [49][50][51] [52][53][54]

Evacuation as a result of
nuclear attacks, accidents can
lead to chronic depression;
psychosomatic medical
problems; in worst cases,
suicide. Very expensive to set
up; requires advanced
expertise

supplying electricity to large
cities;

[55][56][57]

hydroelectric

Used to generate electricity; used for powering

Expensive to setup; Large

used for powering industrial

[16, 17, 18, 19]

energy industrial processes; water body is essential; processes; used for
supplying electricity to large
cities;
wind energy Used to generate electricity; used for powering | Expensive to setup; Windy | used for powering industrial | [58, 59, 60, 61]

industrial processes;

environment is essential

processes; used for
supplying electricity to large
cities;
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