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Abstract

Most of our urban waste dumps are filled with scrapetals that contribute
significantly to environmental degradation. The rea and recycling of scrap
metals helps in protecting the environment and reihg greenhouse gas
emissions.This study investigates the use of seragtals through the principle of
reuse and recycling for electrical energy generatioA prototype fuel cell was
built consisting of the anode and cathode separated a proton exchange
membrane. The anodic chamber consisted of scrapaisesalt bridge, water, and
graphite electrode while the cathodic chamber cated of graphite electrode and
graphite granules.The prototype fuel cell was aredyl and the performance
assessed based on current density, power densitgrnal resistance and power
generated.The results of the study showed that wleemnected in series the
current density is 1.8mA/mwith internal resistance of 282 and maximum
power density of 11.3mW/nwhich was higher than that for single connection.
The study further revealed that utilization of squametals in fuel cell system
when stacked in series will provide higher voltageelectricity than when placed
individually. Given its inherent environmental friedliness, fuel cell should
become an important part of the renewable energyelepment.
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1.0 Introduction

Management of solid waste has become a major dgalén many cities in developing countries and pheblem
associated with indiscriminate dumping of solid tegscrap metal) and the management of this wagdleisole concern
of an Environmental Engineer. If solid waste isgandy used, it can be a valuable resource, bubif effectively
managed, it can result in adverse impacts on theament and public health. Once this waste maltési exposed to
air and water, rusting occurs and in so doing leeglf toxic material into the environment leadshigh amount of
hazardous content into the soil, polluting surfagger, ground water and agricultural produce. Sitiee problem of
proper integrated sustainable solid waste managescaeme still persists in Nigeria, an alternatiagy of minimizing
the effect of scrap metal through the principlesrefise and recycle of this environmental nuisamte energy
generation was considered. Microbial fuel cells B4f-are devices which convert organic matter togngelectricity or
hydrogen) using microorganisms as catalysts. GHyefaacteria are used in MFCs to generate eldttrizhile
accomplishing the biodegradation of organic mattersastes.

Microbial fuel cell (MFC) technology is gaining meoattention as companies push for sustainabilitg, presents a
new form of renewable energy by generating eletgricom what would otherwise be considered wadt@][ Earlier
development of microbial fuel cell (MFC) emphasitedvesting the electricity for power generatioecént advances
in microbial fuel cell (MFC) technology expandeckthasic concept to the production of fuel and cbaksisuch as
hydrogen, methane, ethanol, as well as using a MF@esalination.

In a microbial fuel cell operation, the anode ig tierminal electron acceptor recognized by bacterithe anodic
chamber [3].Therefore, the microbial activity igosigly dependent on the redox potential of the anddecent
researches indicated that a Michelis-Menten curas wbtained between the anodic potential and tepoutput of
acetate driven microbial fuel cell. A critical anogotential seems to exist at which a maximum poagput of a
microbial fuel is achieved [4]. However, there arany challenges to scaling these. Most designs bega tested only
in the laboratory, and many tests are conductéedrbatch mode with synthetic wastewater. Theiligtof scaling up
MFCs could open up new ways of generating renewabkrgy while treating wastewater, contributingatanore
sustainable society [5]. Microbial fuel cells useriganic mediators to tap into the electron trartsplaain of cells and
channel electrons produced. The mediator crosgesttter cell lipid membranes and bacterial outembrane; then, it
begins to liberate electrons from the electron dpant chain that normally would be taken up by @tygr other
intermediates [5]. This electrode becomes the magtneric anode (negatively charged electrodeg rEhease of the
electrons means that the mediator returns toiiggnad oxidized state ready to repeat the process.
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Metal Air Batteries/Air Fuels Cells technologies reprgsnew form of emerginrenewable energy technology used
the generation of electricity directly from waste miasrand will one day contribute to a largjetipar of world global
energy productions and usage. The energy generated from this mastrials and other renew is becoming
increasingly important and interesting owing to its eliifm friendliness and enormous reserves [6f Tuel cell batterie
supply electrical energy from the chemical reactantgdtaithin them; when these reactants areucoed, the batty

is “dead”. An alternative approach would be to feed thetaeésinto the cell as they are requirge@s to permit the d

to operate continuously. In this case, the reactants camhbght of as “fuel” to drive the cell, nbe the term fuel ce
[7].

One reason for the interest in fuel cells is that thiégr @ far more efficient way of utilizingg ahé&al energy tha
conventional thermal conversion. Although this technology seems pngnigietal/Air fuel cezells are deficient in
their own challages, having a high power density and can vary its outpoklgui8]. The inteernal resistance can
minimized by increasing the anode, cathode and the protosticmange membrane (PEM), iin additioth® surface
area and the ionic strength of the alelgtte [9]. In a bid to improve power density of microbiael cells (MAFCs), th
use of electron acceptor apart from oxygen has been ambnsxplored [9,10]. Further samplificatiof density
remains one of the greatest challenges for realitiagpactical application of microbial fuel cells techogy especially
in the case of proton/ion exchange membrane fuel cells (PEN

In this research work, a comparative analysis will beies out using cement and waterr sealed prekmhange
membrane in merobial fuel cells, in addition to a performance evahmaif the microbial fuel celll to Air batte8ystem
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Fig. 1a: Layout Plan Showing Location of Dumpsite at Ekosad
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Fig.1b: Satellite Imagery showing Ikpoba Dumpsite

2.0 Materials and Method

The methodology employed in the study included, wasteecadh, preparation of the proton exchangemtorane
construction of metal (iron)Air fuel batteries, construction of the anode chamber, préparaf s scrap iron and fuel ¢
operation.
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The scrap iron sponge prototypes were collected from varioo cites located wiin and outside the University
Benin, at Ekosodin Village; and market places at Ikpblih (see Fig. 1a and Fig. 1b respectively® Thaterials
assembled for the studies includedresistor box,coppeswied and black), multimeter, transparemitgine, plaster of
paris (POP), Silicon PCV gum,razor blade, soldering:i2.5 volt batteries, electronic, weighing d&xae, pliers, leac
scrap iron, cement, crestal water seal and hand gloliesexperiment set up consisted of the fcolgy

1) Construction of Metal (Iron) — Air Fuel Batteries:

A cylindrical container with depth of 11cm was obtainedpBii rods were removed from 2.5wolt bitidsées (6 piece
of graphite rods).The graphite rods were heated in a Bunsmer and fixed at € to the contaier at a height of 4cm
from the bottom of the container, and at equal distance &arh other around the container.P*VC gamused to aid
firm attachment of the graphite rods around the container taedwire was extendedd downward for dil
connectiorFlexible red copper wire was used to interconnect the 18 itgapduds around thee container and tine
extended downward for circuit connection.From the 4cm hdigtet height of 3cm on the ccontainer, $i@é 5mm
diameter were bored at the entire cinfarence of the down base to maintain a height ofi.Also holes of 3mr
diameter were bored at the bottom of the container.Thphge rods were removed from 1the 2.5volteb@s anc
crushed to granular particles, then use to load the conttner heiht of 11cm from the 4cm height on t
container.From the 4cm height on the container to the botfothe container constitute the: cathagon (cathod:
compartment).

2) Construction of the anode chambet

In the construction of the anode chamber, graprods were removed from 2.5volt batteries (6 pieckgraphite
rods).The graphite rods were heated in a Bunsen burneweredused to bore six holes on thhe toprcofithe Anode
Chamber.PVC gum was used to aid a firm attachment dfixhgraphite rod:on the anode cover, and the six rods v
connected with black copper wire and extended outward foritcirannectior

3) Preparationof the proton exchange membran

In the preparation of the proton exchange membrane, 1400@gsiEPof Paris (POP) was mured with the aid of
weighing balance.1kg of cement was mixed with water sealed.266Dmwater was measisured with a meas
cylinder.The plaster of Paris (POP) was properly mixeth wie water until a homogeneous solution a@ained. The
solution waspoured uniformly on top of the graphite granular particlea teight of 7cm from the 11cm heighttoa
container. The proton exchange membrane was thereforeigbriite plaster of Paris (POP) gand the vesaled wer:
allowed to solidify properly fo24 hours.From the proton exchange membrane to the topr of the anode regi
constitutes the anode compartment.

4) Preparation of the scrap iron

In the preparation of the scrap iron, the following stepee taken: 5009 of the scrap iron was | medsuitl the aid of a
weighing balance.The scrap iron was then poured on the anode chsftebehis process, tt the cell neagy to be
used.The setup is shown in Fig.2.

Fig 2: Laboratory setup of Fuel cel

2.1  Fuel cell Assembly and Measurement of Voltag

The fuel cell setup and operation consisted of the following: 260salt was added to the anocdencher of each of th
cells and sealed tightly to prevent entrance to air. @pen Circuit Voltage (OCV) was meassured actbe five cells
assembled. A I@hm resistor was connected across the five cells andesipective voltage:! in each cell meast
Thereafter, the current across the five cells were medswith the load disconnected. Polarizatéehwas conducted ¢
the cells both individually andhiseries connection when steady and maximum voltage was ied. This was necess
in order to determine the internal resistance producing mamiramount of power. The vobltmeter wasdusethe
measurement and recording of voltage.

The power output proded from the scrap metal waste was calculated using éasured voltawge . across the load
and the current. The equation is given as:
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P = Vons @)
The current produced by laboratory scale Proton Exchisfegebrane Fuel Cell (PEMFC) was calculated by measuring
the potential across the load and using the equation

I = ‘;emf (2)
ext
From where power output is given by
_ Vems
= e (3)

In order to maximize the total system power in metal(a €ell using scrap waste as fuel, the most importatdrfas
the power production in the basin of the total reactor vol[8y#2]. In this case, power output normalized by volume is
calculated as
V2
P, =t (4)
Vext
Where;
P, = Volumetric power (W/rf
Rext = External resistance&j
Veme = Voltage (V)
The power output of the EMF is given as
2

&

P = (5)
r+R
Where r is internal resistance which is computed from gjo@téoon
E-IR
r=ER (6)

1
In this study, linear regression equation was used udysthe correlation between the dependent and independent
variables consisting of current against voltage, curagainst time and power generated against time. Thei@eaffof
determination, Rwas used to determine the goodness of fit.

3.0  Results and Discussions

The prototype fuel cell designed was analyzed, and the pexfme of the fuel cell was assessed based on the current
generated, the voltage, current density, power densitynaitegsistance and power generated with details of the cell
behavioral pattern after three months of repeated measotem

After four weeks of study, the experimental setup ofrtfierobial fuel cell showed an initial open circuit voltage of
0.6volts which was too small, so the scrap metals wer®ved and cut into smaller bits and all the graphite evdhe
cylindrical container were pushed inside with more thanthaif full length inserted into the cylindrical container. The
reading was taken after 24hrs and it read 1.2 volts ofitialiopen circuit voltage. However, voltage dropped with the
service hour probably due to factors associated with ptoansfer atthe proton exchange membrane. The energy density
per gram of the cell shows a continuous discharge with tmgéhé period as shown in Fig. 3 below.

1.2 y =0.157x + 0.979
1 - R>=0,014
= _
3 08 current and voltage
% 0.6 -
S 04 - —— Linear (current and
= voltage)
0.2
——Linear (current and
0 ' ' 1 T 1 voltage)

0 0.05 0.1 0.15 0.2 0.25

Current (mA)

Fig.3: voltage (mV) against Current (mA)

From Fig.3, it can be seen that the voltage is continuotsonitrent. The current is due to free electrons moving along
the metal, i.e., the rate of flow of charge. The petiduced a continuous voltage with current.
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Fig. 4: Current(mA) against Time (Days)

Fig. 4 consist of two sections, the first section whichlisoat horizontal indicates when the microorganisms alle st
breaking down the cells while the second shows the inadbmse of current. It indicates the definition of micrabfuel
cell which generates electricity while accomplishbigdegradation of organic matter or waste. These twoosectre
joined by a step increase.

These two sections are presented separately as two sepapite and the Hor each is given separately as in Fig.4 and
Fig.5. It is observed that the’ Bor the entire graph has increased indicating the improvadaeship of Current versus
time for each section see Fig. 6.
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Fig 5: Current (mA) Against Time (Days)
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Fig 6: Current (mA) Against Time (Days)
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3.1 The Determination of Internal Resistance and Mamum Power of the Single Cell
System.
After weeks of assessment, a steady maximum volta@e70l was recorded for the single cell system. Wherpéak

voltage was reached, polarization test was conductediér tw obtain the internal resistance and maximum power of the
cell system as shown in Fig.7.

12 - y = 0.000x + 0.952
- 2 _
31 RIZ0076 —e—voltage (V)
208 y = 0.000x + 0.945
i R2=0.114 Current (mV)
o6
S
‘30'4 == Resistance(Q)
S0 . y = 0.001x - 0.021
o R2=0.613

0.2 5 9 131721252933374145495357616569737781
Time(Hrs)

Fig. 7: Single Metal/Air Fuel Cell Against Time (hrs)
Fig. 7 above shows the behavior of a single metal/Air @edl against time. The graph shows that a single fukeié
produce less than one volt of electrical potential. To ycedhigher voltages, fuel cells were stacked on top of etheln

and connected in series as shown in Fig. 8. It means thathial fuel cell performs better when connected in seoie
parallel.

3.2  The Determination of Time and Maximum Power Desity of Single Metal/Air Fuel Cells

20
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Fig. 8: Power Generated (W/hr) Against Time (hrs)

From Fig. 8, it is observed that the power generategtases with time. It indicates the definition of migab fuel cell
which generates electricity while accomplishing biodegradadf organic matter or waste. The graph showsftbat

the £'week, the waste was still trying to decompose, but tirite when it might have undergone some decomposition,
the power increased. This means that Power generatedsesredh time due to decomposition of organic matter or
waste that is taking place with time so, the longedténes or months the more power it generates.

3.3  Application of the Metal/Air Fuel Cell System
The assessment of the potential of waste to energy tegfynoas used to power a 4 volts bulb as shown in the Fig. 9.
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Fig. 9:Five (5) Metal/Air Fuel Cells used to Power a 4\Bulb
It was observed thaach fuel cell produced about 0.7V to 0.8V. To produce highage fuel cells were connected
series.

4.0 Conclusion

In this study, a prototype fuel cell was designed usitrgp metal as its feedstock and the peformance of the kle
was studed. The results of this design demonstrate that eliggtgeneration can be obtained by use of a Fuel Cell |
scrap metal as feedstock. Specifically, the investigatimws tha

a) Scrap metals can be used to generate electricity, Imingiit as afeedstock in metal/air fuel ce

b) Plaster of Paris (CaG®H,0), cement and Crestal Water Seal can be utilizemhasffestieé proton exchanc
membrane in metal/air fuel cell.

c) The nature of circuit connection can affect power g the cell system ar power tends to be higher wh
connected in series than in a single connec

d) It was observed that the metal/Air fuel cell would perfdretter when they are connected in series which t
to optimize the voltage of the cell system and increaseet discharge rate.

e) The introduction of this innovative technology will add gn#ficant boost to green electrical capacity and
have a positive impact on the environment; reducing callmide, other gas emissions and pollut

f) It would help to redue the quantity of heavy metals that may potentially leea folid waste landfill

Q) It would help reduce the environmental pressures that maderety has placed upon the earth’s limited sug

of mineral resource.
Given its inherent environmental advantages, relatigelod economics and availability, fuel cell should eveny
become an important part of the renewable energy industryo@yj the viable commercialization of the technoloc
is still in its inital stages, but the potential remains and the most diftieciftnical barriers have been overco
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