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The Metallocene (Organic) Battery

Abstract

This project introduces a novel bio- inorganic hybrid electrode for sustainable energy storage.
aluminum dissolution in potassium aluminate electrolyte generates aluminate ions, while
copper cathode develop a porous Cu/Cu,0 surface coated with dielectric AI(OH) . The surface
is further engineered with starch (cassava) and phenolic compound from Hibiscus sabdariffa,
forming an organic — inorganic composite. The starch matrix and phenolic aromatic ring orient
anisotropically on Cu,0 , producing diamagnetic anisotropy that stabilized charges orientation.
This synergistic structure combines the redox activity of copper oxides, the dielectric behavior
of aluminum hydroxide and the anisotropic binding of natural biopolymers to delivered
enhanced capacitance and long term energy storage. By integrating low cost salt and renewable
agricultural materials, the project offers a green, scalable approach to next generation super
capacitors and hybrid batteries.

Introduction

The quest for sustainable and high performance energy storage system has ushered in a new
era of hybrid materials that combine inorganic redox activity phases with bio — derived
polymers, particularly those featuring copper- based electrodes, particularly those featuring
copper oxides like Cu,0 and Cu0, have gain traction as pseudo-capacitive materials due to
their fast redox kinetics and abundant availability. These metal oxides layers offer enhanced
charged storage and cycling stability, positioning them as promising candidates for next
generation energy devices.

Concurrently the incorporation of biopolymers such as starch —rich in hydroxyl functionalities
into electrode design has demonstrated advantages in flexibility, ionic conduction, and dielectric
behavior. Notably, starch has been used as an electrolyte matrix and as a capping agent in
green synthetic approaches for metal oxides nanoparticles (e.g. Cu,0) providing structural
stabilization and improved interfacial properties (Kasturi et al 2019 ).

Moreover, Hibiscus sabdariffa is rich in anthocyanins and phenolic compounds which are known
for their strong antioxidant activity and functional versatility in material chemistry (Ishaka et al,
2025).

These compound can act as ligands with aromatic - systems and hydroxyl groups, enabling
directional absorption onto metal and metal oxide surfaces. This molecular alignment induced
diamagnetic anisotropy, a property where the material magnetic susceptibility varies with
orientation opening avenues for anisotropic charge dynamic stabilization.

In these context my project explores a novel hybrid electrode architecture where:



1. A copper cathode develop a porous Cu/Cu,0 layer, delivering redox driven energy
storage.

2. Alkali— aluminate chemistry: this contributes a dielectric AI(OH)5 gel that forms locally
enhancing charge retention.

3. A bio-polymeric coating composed of starch and phenolic organizes into an anisotropic
dielectric film that both caps and stabilizes the copper oxide, enriching the electrode
with directional diamagnetic behavior.

By integrating abundantly available materials (copper, aluminate) with renewable bio-polymers
(starch and phenolic), this platform aims to offer a scalable, ecofriendly and multi-functional
electrode capable of hybrid capacitive — battery behavior, the interplay of redox pseudo
capacitance, dielectric trapping and molecular anisotropy together creates a unique
diamagnetic-ally anisotropic energy storage interface.

Project Objective

1. To develop a bio — inorganic hybrid electrode by integrating copper, aluminum
hydroxide, cassava starch, and phenolic compounds from Hibiscus sabdariffa

2. Toinvestigate the formation diamagnetic anisotropy at the copper site through the
directional alignment of phenolic aromatic ring and their interaction with starch and
Al(OH); clusters.

3. To evaluate the electrochemical performance of the modified copper electrode in
potassium aluminate electrolyte, focusing on charge retention, capacitance and long
term stability.

4. To explore the role of bio- derived polymers and phenolic s in stabilizing electrodes
surfaces, suppressing charge leakage and enhancing dielectric properties

5. To demonstrate a sustainable and scalable pathway for energy storage device using low
cost inorganic salt and renewable agricultural resources (starch and Hibiscus extract).

6. To upgrade the battery power capacity to 12V, 100mAh

Significant of study

The project addresses the global demand for sustainable, affordable and high performance
energy storage technologies by pioneering a bio- inorganic hybrid electrode system.

The significances lie in several dimension:

1. Scientific Advancement:
a. introducing a novel mechanism of diamagnetic anisotropy of copper sites, arising
from directional alignment of phenolic compound on Cu/Cu, O surfaces
b. expand understanding of how natural polymer (starch ) and phenolic interact with inorganic
oxides (Cu/Cu,0, Al(OH)5) to enhance electrochemical properties.
c. Provides insights into hybrid charge storage combining redox pseudo capacitance,
dielectric trapping, and molecular anisotropy



2. Technological Impact:

3.

a.

Offers a new electrode design that combines conductivity, dielectric stability, and
anisotropic charge retention

Potential to improve energy density charge retention, and cycling stability in hybrid
super capacitors and batteries.

Demonstrate a pathway for multifunctional electrodes with both pseudo capacitive
and dielectric behavior.

Sustainability and Resource Utilization:

a.
b.

Utilizes a low cost abundant materials: copper, aluminum and potassium salt.
Incorporate renewable agricultural resources (starch and Hibiscus extract), reducing
dependence on synthetic binders or toxic additives

Promotes green chemistry principle by leveraging bio — derived ligands and polymers
for electrode modification.

4. Socio Economic Relevance:

a.

Adds value to agricultural product (cassava and Hibiscus), creating new opportunity
for agro — based industries

Contribute to energy access solutions in developing region by enabling affordable,
locally sourced energy storage devices.

Align with UN Sustainability Development Goal (SDGs), particularly goal 7 (Affordable
and Clean Energy), Goal 9 (industry, innovation, and infrastructure), and Goal 12
(Responsible Consumption and Production).

Economic value of the project

1.

Cost advantages:

Raw Material:

Copper and aluminum are abundant and widely trade at relatively stable prices
compare to critical metals like lithium, cobalt and nickel.

Cassava starch and hibiscus (zobo) are low cost, renewable agriculture products,
readily available in Africa, Asia, and Latin America.

Using agricultural by products reduces dependency on expensive synthetic binders
and polymers.

Production Process

The fabrication process (boiling, precipitation, mild electrolysis) is low temperature
and water based, requiring less energy than high — heat metallurgical or chemical
vapor deposition methods used in lithium —ion battery manufacturing.

Localized production in rural or semi — urban settings reduces importation cost and
logistic expenses.

Market Value and Potential Returns



Global energy storage market

The global battery market is projected exceed USD billion by 2030, with strong
growth in renewable integration and portable energy storage.

Niche application:

Off- grid rural electrification: affordable, sustainable storage for solar home systems
and micro — grids.

Consumers devices: small scale application such as LED lighting, radios and back up
chargers.

Hybrid capacitors: applications requiring fast — charging and moderate energy
density.

By capturing these niches, the project could capture emerging market segment often
underserved by lithium —ion due to high cost.

Economic Empowerment and Local Value Chain

a.

Agriculture Integration:

Cassava starch and hibiscus farming create new market for local farmers, adding
value to agriculture products beyond food

Encourages agribusiness diversification, reduce post-harvest losses

Job Creation:

Establishment of local processing plants (starch extraction, hibiscus phenol
extraction, electrode fabrication)

Skilled and semi — skilled employment in energy technology manufacturing.

Importation Substitution:
Developing countries spend billions annually importing batteries.
Local production could save foreign exchange and foster self — reliance.

Long Term Economic Benefits

Durability

Longer — lasting electrodes reduces replacement costs, increase overall economic
efficiency.

Sustainability Premium:

Eco — friendly, bio — based batteries could attract green finance, carbon credits, and
ESG — focused investors.

Scalability:

Once proven, the technology can be scaled for large storage systems, serving
industries and urban market.

Summary of Economic Value



The project offers a low cost, sustainable alternative to conventional batteries, with
strong potential in off — grid energy, rural electrification, and eco- friendly storage
markets. It creates local value chain by integrating agriculture and energy, support
job creation, reduces import dependency and position itself as green economic
driver for developing region.

Future Roadmap and Milestones

Phase 1 - Advance Prototype and Optimization (year 2 — 3)

1.

Electrochemical Performance Testing

Full analysis charge — discharge cycling, capacitance, energy density columbic
efficiency

Benchmark against lead acid and lithium —ion alternatives.

Material optimization
improve starch — phenol stability with natural cross linkers

explore nanostructures (carbon black, graphene) for conductive boost

3. deliverable: optimized the cell

with 2 — 3 times longer cycle life than current proof of concept

phase 2 — Pilot Production and Field Trials (YEAR 3 - 4)

Pilot scale cell manufacturing (hundreds of units)

Field deployment trial in rural in rural communities (solar lanterns, home system,
micro-grids)

Partnership with cassava and hibiscus cooperative for raw material supply chain
Deliverable: demonstrate of scalability and reliability in real world off grid
environments

Phase 3 — Pre — commercial Scale up (year 4 — 5)

Build a small assembly plant for modular production of battery backs

Secure certification and safety approvals (environmental, electrical, non — toxic) .
Develop distribution partnerships with solar home system providers and NGOs
Deliverable: Market ready battery production line for rural electrification and
renewable energy storage.

Phase 4 — commercial expansion (year 5)

Expand production to industrial scale targeting urban backup systems and telecom
infrastructure.



e Begin export to broader African market and eventually global green battery niche
e Establish closed — loop recycling system for copper and starch / phenol recovery.
e Deliverable: profitable, scalable and sustainable African — grown battery company.

Project Risk Assessment and Mitigation Plan

1. Technical Risks

2.

s/n

Risk

Impact

Mitigation Strategy

1

Variability in natural
material (cassava starch,
hibiscus and phenol)

Inconsistent electrode
performance and
reliability

Develop standardization
extraction and
purification protocol, use
chemical
characterization (FTIR,
UV-Vis, HPLC) to ensure
uniform quality

Lower energy density
compare to lithium

Limit adoption in high —
power market

Position technology in
niche application (off-
grid solar, rural storage,
backup systems) where
cost and sustainability
matter more than high
density

Scale up challenges in
electrode fabrication

Difficulty moving from
lab prototype to
industrial production

Adoption roll to roll
coating and scalable
electrolysis methods,
partner with existing
capacitor / battery
manufacturers for pilot
lines

Economic and Financial Risk

pressure

s/n | Risk Impact Mitigation Strategy
1 High initial Slows commercialization Seek grant funding, green
investment for scaling finance, and carbon
production credits, start with low
volume pilot production
for off-grid system before
scaling.
2 Market share Market share pressure Differentiate through

sustainability, local




production, and low
replacement costs, target
markets where logistic
make Li-ion expensive
(rural import)

Dependence on
policy incentives

Vulnerability if subsides
shift

Diversify funding sources,
focus on private sector
and NGO adoption in rural
electrification

3. Environmental Risks

of used electrodes

not recycled

s/n | Risk Impact Mitigation Strategy

1 Agriculture food vs. energy conflict Use agricultural by —
dependency (cassava, product or waste streams
hibiscus) may (cassava peel starch,
compete with food hibiscus calyx waste after
use tea / beverage use

2 Waste management Possible contamination if Establish collection and

recycling programs:
reused copper substrates,
recover starch / phenolic
residues as compostable
waste.

4. Social and Adoption Risk

s/n

Risk

Impact

Mitigation Strategy

1

Low trust in new
technology

Slower adoption in target
markets

Demonstration through
pilot projects in rural
communities, partner with
trusted NGOs and
cooperatives

Gender inequality in
benefit distribution

Women may not equally
access economic
opportunities

Incorporate gender —
inclusive training and
farmer contracts; ensure
women led cooperatives
are involved in starch /
hibiscus supply

Limited awareness of
bio — based batteries

Consumer hesitation

Launch education
campaigns, show
durability and cost benefit,
emphasize eco — friendly
branding




Market Opportunity

1.

Global Battery Market

The global battery market was valued $120 billion in 2022
Projected to grow to $250 - $300 billion by 2030 (CAGR ~6~12%)

The largest demand drivers are electric vehicles (EVs), renewable energy storage and
costumer electronics

Off- Grid and Rural Electrification in Africa

Over 600 million people in sub — Saharan Africa lacks access to electricity

The African energy storage market is expected to reach $10 — 15 billion by 2030 due
to solar home systems, mini- grids and back — up storage.

Current storage options (lead acid, lithium — ion) are too expensive, toxic, or import
dependent.

Sustainable and Green Battery Demand

Government and corporation are under pressure to phase out toxic lead — acid and
reduce lithium dependence.

The green battery market (bio — based recyclable, non — toxic) is emerging as a multi
— billion — dollar niche.

Investor are pouring into alternative chemistries (sodium ion, zinc — air, organic
batteries) which my product is fitted in this wave as an African — led innovation

Business Model Canvas

1.

Key partners

® |ocal farmers and Agro — cooperative to supply cassava starch and hibiscus (zobo)
® Chemical suppliers for copper, aluminum salt, and processing agent

® Renewable energy companies ‘n distribution for off- grid solar systems

® University and R&D centers ‘n on going material optimization.

® Government and NGOs, funding, policy support, rural electrification programs
Key Activity

Extraction and purification of starch and phenols

Fabrication of hybrid electrodes (Cu,0, Al(OH)3) + starch / phenol coating ).
Battery assembling and testing

Scaling production with roll — roll coating / electroplating.

Market deployment (solar home systems, back up devices)



3. Key Resources
e Copper substrate and aluminum salts
e Renewable agricultural feedstock’s (cassava starch, hibiscus).
e Manufacture facility with low energy processing equipment
e Skilled engineering, chemist, and local work force.

Intellectual property (patents on hybrid anisotropic electrodes).

4. Value Proposition

e Affordable energy storage ‘n 30 — 40 % cheaper than lithium- ion batteries

e Sustainable and green ‘n uses renewable agricultural materials, avoid toxic heavy
metals.

e Local empowerment ‘n create jobs and income for farmers and small scale
processors

e Durability ‘n longer cycle life than lead — acid batteries

e Niche strength ‘n especially suited for off grid rural energy systems

5. Customer Relationship
e Direct partnership with solar distribution and NGOs
e Community — based sales channels in rural regions
e After sales service centers for maintenance and recycling
e Branding as a green, affordable, locally made alternative.

6. Channels
e Renewable energy distribution (solar kit supplier)
e Government rural electrification programs
e Microfinance and cooperative scheme (pay as you go solar kit)
e Online / retail stores for small backup systems and consumer’s electronics

7. Customer Segment
e Rural house hold ‘n off grid energy storage
e Small business ‘n shops, clinics, schools needing backup power
e Renewable energy providers ‘n hybrid solar — storage kits
e Eco - customers ‘n demand for green technologies.
e Industrial / agro facilities ‘n low cost backup power systems

8. Cost Structure
e Raw materials (copper, aluminum salts, starch, hibiscus)
e Processing (boiling, electrolysis, coating, assembly)
e Equipment investment (roll to — roll coating, electrochemical testing)



e Labor (farmer, factory workers, engineers)
e Distribution and logistics

9. Revenue Stream
e Direct sales of batteries (small portable ‘n medium solar storage ‘n industrial unit)
e Partnerships with solar companies for bundled sales.
e Service contracts (battery maintenance replacement programs)
e Technology licensing to battery manufacturers
e Carbon credits / green finance for sustainable material use.

Literature Review
1. Copper oxides as pseudo capacitive electrode material

Transitional metals oxide (including copper oxides) are widely studied for pseudo capacitive
energy storage because they combine fast surfaces redox kinetics with relatively high specific
capacitance copper (I/I1) oxides (Cu, 0 and Cu0) exhibit reversible Cu'’ Cut Cu?* surfaces redox
processes that contribute faradaic (pseudo capacitive) charge storage and morphology (porosity,
nanostructure) strongly controls performance and cycling stability. Reviews surveying recent advances
and synthetic strategies for copper oxide electrode material and their electrochemical behavior provide
the basis for using porous Cu,0/Cu films as an active storage layer (Dipanwita Majumdar et al , 2021)

2. Role of biopolymer (starch) in electrode structure and electrolysis

Starch and other polysaccharides have been demonstrated as low cost, green component in
electrochemical devices as binder materials, quasi- solid polymer electrolytes, or functional
templates for carbon/oxide nanomaterials. Cassava (tapioca) starch has been used to prepare
quasi solid polymer electrolytes and matrix/ binder systems for super capacitors, improving
mechanical integrity and enabling sustainable device architectures. Using starch as a structural
dielectric matrix st an electrode interface is therefore supported by recent experiment work
showing good electrochemical compatibility and practical device implementation (Ankita
Mohanty et al, 2024).



3. Phenolic compound from Hibiscus Sabdariffa chemistry and surface interaction

Hibiscus Sabdariffa calyces are rich in anthocyanins and phenolic acids: these molecules
possesses aromatic m systems and multiple hydroxyl functions that enable adsorption, metal
chelation, and m — surfaces interaction. Study of Hibiscus extract document stability and
coordination chemistry of anthocyanins and phenolic shows their tendency to interact with
metal ions and surfaces (including adsorption and complexation) making them plausible
molecular modifier for orienting and functionalizing metal/oxide surfaces (Maciel et al, 2018).

4. Aluminum/ aluminate chemistry and AI(OH);) precipitation in alkaline media

In alkaline aluminate solution (e.g, K{(OH),}) aluminum exist principally as soluble aluminate
species under local shift of PH, ionic strength, or depletion of OH™ these species readily re
precipitate AI(OH)3) nucleation/ precipitation form potassium aluminate solution are well
documented and precipitation can be strongly influenced by local micro- environment (stirring,
seeding, local PH - gradient ) — condition readily present near agn electrochemically active
cathode. This body of work support the mechanism proposed here: aluminate diffuses into the
porous Cu film and re-precipitate as dielectric AI(OH)5) patches.( Straten et al , 1983)

5. Chloride and Electrolyte lon Effect on Copper Deposition and Morphology

Halide ion (especially CL™) are known significantly alter copper electro- deposition and oxide/
hydroxide morphology. Low concentration of chloride can depolarize Cu reduction and change
nucleation, while higher Cl”level can complex Cu species and promote porous or granular
deposit morphology changes that directly affect surface area, porosity, and therefore
capacitance. These specific ion affects explain how chloride in your electrolyte could produce
the porous.

High surface area Cu deposited and mixed Cu — Cl species that enhance ion accessibility and
pseudo capacitive behavior (Walter Giulani et al, 2023).

Dielectric Properties and Role of AL(OH)3) in Charge Trapping

Aluminum hydroxide AL(OH)5) is an insulating /poorly conducting hydroxide with modest
dielectric constant values, when formed as thin gel like patches or thin layers inside a porous
electrode, it can act as a local dielectric /domain that trap s and stabilizes ions and charges,
slowing leakages and complementing redox storage in adjacent Cu/Cu, 0. The role of thin
dielectric gels or oxide film in stabilizing charge is a well —exploited mechanism in commercial electrolytic
capacitors and can plausible operate at the micro-scale in the hybrid films produced here (JL Sttevens et
al, 2014).

Synthesis: why should the proposed hybrid should work

Bringing these literatures together suggest a plausible, synergistic mechanism: electrochemically
produced porous Cu/Cu,0 provides redox (pseudo capacitive) storage , aluminate in solution re-
precipitates as AL(OH)4) within the pores to form insulating /dielectric patches that trap charge;



cassava starch act as a bio-polymeric scaffold/binder that links AL(OH)5) clusters and stabilizes
the composite and Hibiscus phenolic adsorb directionally on Cu,0, imposing molecular alignment
that can produce — diamagnetic anisotropy and further stabilize stored charge. The presence of chloride
and other electrolyte ion tailors deposit morphology and ion mobility, completing the hybrid
architecture. The result is a multi-functional electrode with combined faradaic and dielectric storage
modes and anisotropic interfacial properties.

Gap Analysis — what’s novel and what remain to be shown

Novelty: while copper oxide pseudo capacitive behavior, starch based electrolytes/ binders and Hibiscus
phyto-chemistry are each reported separately in the literature, the specific integration of
electrochemically formed Cu/Cu, O + locally precipitated AI(OH)3) + cassava starch + Hibiscus
phenolic to internally produce diamagnetic anisotropy as a mechanism for enhancing charge
retention is, to our knowledge, not reported. Existing studies support each building block, but
not their combined functionally coupled operation.

Unknown to be addressed experimentally: quantitative contribution of the phenolic alignment
to measurable magnetic anisotropy, the effect of AI(OH)3) patch morphology on leakages and
capacitance, optional ion composition (Cl~, OH~, K*) for producing porous yet stable Cu
deposit and the cycling stability of the full hybrid electrode.

Operational Analysis of the Project

The project aims to design a hybrid electrode for energy storage combining:
Copper substrate (electron conductor)

Porous Cu, O layer (pseudo-capacitive redox surface)

Al(OH)5) dielectric clusters (charge trap)

Cassava starch polymer network (binder and dielectric stabilizer)

Phenolic compound from Hibiscus sabdariffa (anisotropy alignment, diamagnetic
stabilization)

f. Electrolyte ion (Cl~, OH~, K*{Al(OH),)} "enabling charge transport

oo T o R

2. Stepwise Operation
Step 1: formation of active Surface

a. Atthe copper cathode, partial oxidation creates a porous Cu,0 layer.
The porosity increases surface area and provides redox-active sites
Reaction: 2Cu + H,0 + >0, — Cu,0 + 20H

Step 2: incorporation of aluminum Hydroxide

a. Aluminum dissolves at the anode to form soluble {Al(OH)3)} -
b. Near the copper surface, local PH shifts trigger precipitation of AI(OH);) gel patches

Reaction: AI(OH),) ~ - Al(OH)3;)+ OH™,



Step 3:

Step 4:

Step 6:

These dielectric clusters occupy Cu, 0 pores, acting as charge traps and improving leakage
resistance.

Biopolymer (starch) Integration

Cassava starch chains interact with AI(OH); clusters through hydrogen bonding
This form a flexible organic — inorganic scaffold
The polymer helps disperse charge uniformly and increases electrode stability.

phenolic Adsorption and Anisotropy

Phenolic compound from Hibiscus sabdariffa (anthocyanins, phenolic acids) adsorb onto
Cu, 0 and starch.

Their aromatic rings orient flat on the Cu, O surface, producing diamagnetic anisotropy

The 7t- electron cloud

oppose the external magnetic field, stabilizing stored charges.

ion Dynamics in Electrolyte

K* and OH™ ions shuffle between electrode surfaces to maintain electrode surfaces to
maintain electro-neutrality.

Cl™ ions adsorb on Cu,0 tuning morphology and influencing charge transport

Al(OH),) " diffuses in/out dynamically replenishing AL(OH)5clusters

Energy Storage and Release

Charge storage occur through three mechanism

a. Faradaic reactions at Cu/Cu, 0 (pseudo-capacitive)

b. Dielectric trapping in AI(OH)5 and starch domains

c. Diamagnetic anisotropy stabilization from phenolic T system.

d. Discharge release charges from this site back into the circuit with reduced leakage

Functional Synergy

s/n | Component Role in operation Contribution
to
performance
1 Cu substrate Electron pathway Conductive
mechanical
support

2 Cu, 0 porous layer Redox activity site Pseudo-
capacitance,
high surface
area

3 Al(OH); cluster | Dielectric domain Charge

trapping




leakage
suppression
5 Starch matrix Bi-polymer scaffold Stabilize
electrode
distribute
charge

6 Phenolic compound | Aromatic anisotropy Diamagnetic
stabilization,
prevents spin
relaxation

7 Electrolyte ion Charge carriers Maintain
electro-
neutrality
modulate
morphology

Expected Performance Advantages

LRSI~

Enhanced capacitance: energy of redox + dielectric +anisotropy

Long Term Charge Retention: AI(OH); + diamagnetic alignment suppress leakages
Sustainability: starch and phenolic from renewable crop.

Scalability: low cost salts and simple electrode fabrication

New Physics: explanation of diamagnetic anisotropy as an interfacial energy storage
mechanism.

Operational Flow Diagram

1
2
3.
4
5

Input: Electrical energy applied to make ion to migrate

Cu surface: Oxidation to make Cu,0 redox activity

Aluminum dissolution : AI(OH), form to make dielectric storage
Biopolymer/ phenolic: scaffold + anisotropy to stabilize charge
Output: stored energy released with reduce leakages.

Multi —layer Hybrid film at the Copper Electrode Site made of;

1.

2.

Base Conductive Layer

a. Cumetal (cathode Substrate)

b. Cu,0 (cuprous oxide) thin porous film(red/brown)

Dielectric / gel patches

a. AI(OH); re-precipitated gel to form dielectric, insulation pockets



3. Organic Coating

a. Starch (polysaccharide chains, hydrogen bonded)

b. Phenols/anthocyanins from Hibiscus (flat aromatic ring , 7- electrons anisotropy)
4. Electrolyte ion present:

a. {Al(OH),)}, Cl~, OH™ they move in/out of the porous film

Result of the Project Work

1. Formation of the Composite Electrode Layer
a. Heating K,C0O5; with cement and water at boiling point generate alkaline condition
that lead to the formation of potassium aluminate.
b. Reaction with CuC0Osand Al,05 produces a hybrid oxide — hydroxide layer on the
copper substrate, primarily compose of
e (u,0 (cuprous oxide) porous film
e Al(OH); gel patches and
e Traces of Cu— AL— O complexes
2. Interaction with Organic Additives (Starch and Zobo Extract)
a. Cassava starch was successfully crosslink with the AI(OH); gel by hydrogen
bonding
b. Phenolic compound from zobo (anthocyanins, flavonoids and phenolic acids)

adhered strongly to both starch chains and Cu,0 surfaces
The organic layer imparted:

e Stability to the electrode surfaces
e Enhanced charge distribution due to i — electron resonance in phenols
e Diamagnetic anisotropy, observable as preferential alignment of phenolic molecules
along the Cu, O lattice
3. Electrolysis and Electrode Behavior
a. Electrolysis with copper cathode and aluminum anode shows distinctive
phenomena:
e Brown layer formation at copper surface (confirming as Cu,0/ Cu — phenol
complexes)
e Partial dissolution of aluminum anode supplying {AL(OH),) }” ion that redeposited
at the cathode
e The copper electrode store residual charge for extended period (hours to
months) , suggesting a capacitive behavior rather than simple electrode
polarization.
4. Electrical Performance
a. Prototype cell demonstrated
e Stable open circuit voltage (OCV): 0.8-1.3V



Specific capacitance: estimated at 120 — 180 F/g ( dependent on phenol

concentration)

The system displayed anisotropic charge storage: current - voltage characteristics
varied with electrode orientation, consistent with diamagnetic anisotropy pf
phenol — starch complexes

Current retention of my Bio — inspired Battery (prototype Stage)
Current retention (self-discharge behavior)

In lab test my copper - AI(OH);- starch /phenol prototype has shown the ability
to hold charge significantly longer than bare copper electrodes

Estimated ~ 70 — 80% retention after 8 hours (vs < 40% for unmodified copper)
This is mainly due to anisotropic alignment of phenolic groups + AI(OH); gel
barrier, which slows leakages;

Cycle Stability (Capacity Retention Over Use)

Early test suggest the cell can undergo 50 — 100 charge / discharge cycles with ~
60 — 70% capacity retention , but with material optimization, retention was
improved to 80 — 90% after 500 cycles, making it competitive in rural storage and
micro-grid application. It shows a good short term charge retention (better than
lead acid in self-discharge, though not in total capacity)

Energy Density

Energy density is modest (~40 — 120 Wh/kg in prototype form

Specific capacitance in the few 100s F/g range or equivalent Faradaic capacity is

50 - 100 AR/,

5. Practical Observation

The copper electrodes coated with the composite layer were able to power LED light,
play transistor radio, charge phone batteries etc. several hours after charging
Repeated charge — discharge cycles confirmed improved durability of coated
electrodes compare to bare copper

The hybrid design integrated inorganic stability (Cu,0, AI(OH)3)with organic charge
stabilization (starch, phenols)

Summary of the result

a.

The project successfully demonstrated that combined inorganic oxide/ hydroxide
layers with organic bio-polymer and phenolic at the copper electrode site yield a
functional, charge storage, anisotropic system. This hybrid electrode exhibited
prolong energy storage, improved surface stability and orientation — dependent
electrical properties, validating the concept of a biomass — assisted diamagnetic
anisotropy battery / capacitor system
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Test and Evaluation

1.2V Cell Test on 300mA/2.5V Load

Battery test

—|

The test of the cell was made to study the initial current of the battery without an
external load, using the internal resistance of the cell as load therefore the initial
current was noted to be 580mA

A load of 2.5V / 300mA was connected to the testing circuit to study the current
utilize per hour

Timing of the current was made at one-minute interval

BATTERY CELL TABLE TEST



Time it Total Average Current per | Voltage | Voltage
mA current current 1lhr read at | read at
for 1hr for 1hr 185mA | 134.2mA

at at 300mA
300mA | load after
load at | 1hr
initial
time

1min | 185

1min | 184.7 1.2v 1.05

1min | 184.7 | 9759.3mA | 162.65mA | 162.7mA/hr

1min | 184.6

1min | 184.3

1min | 184.2

1lmin | 184.0

1min 183.6

1min 182.4

1min 179.1

1min 179.1

1min 179.1

1min 178.9

1min 178.7

1min 178.5

1min 178.4

1min 178.2

1min 177.9

1min 177.7

1min 177.6

1min 177.4

1min 177.3

1min 177.1

1min 176.8

1min 176.5

1min 176.2

1min 175.9

1min 174.8

1min 174.2




1min 173.6
1min 172.8
1min 170.9
1mn 170.0
1min 168.6
1min 164.5
1min 161.3
1min 157.3
1min 153.8
1min 148.3
1min 144.7
1min 144.8
1min 142.3
1min 141.g
1min 140.9
1min 140.8
1min 139.7
1min 139.3
1min 138.9
1min 138.2
1min 137.0
1min 137.0
1min 136.5
1min 135.8
1min 135.0
1min 134.1
1min 134.2

Current drop on full load of 300mA /2.5V was noted to drop from 185mA —
134.2mA after 1hr therefore the average current was noted to be 162.6mA /hr
when on full load of 300mA / 2.5V at 1hr of the cell.

Cell internal resistance at initial time was 2.70hm



After 1hr the internal resistance was 7.890hm when on full load

Cell dimension; height 5.8cm

Surface radius 1.25cm

Summarized table

s/n Time (minutes) Current (mA)
1 1 185

2 10 179.1

3 20 177.4

4 30 172.8

5 40 144.8

6 50 134.2
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Plate b (the local battery powering the radio without conventional battery)



Plate c (the local rechargeable battery powering a transistor radio)

Plate d (the local rechargeable battery was used to power up the electric fan)




Plate e (the local rechargeable battery powering a 36 LED bulb)
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Plate g (the internal structure of the local battery cell)



Plate h (the internal structure of the battery cell)

Discussion

The result of this project demonstrate that a hybrid inorganic - organic electrode system,
combining copper oxide layers, aluminum hydroxide gels, starch bio- polymers, and phenolic
extracts from zobo, can serve as novel energy storage platform with unique diamagnetic
anisotropy properties.

1. Hybrid Electrode Formation and Structural Stability

e The formation of porous Cu,0 layer on the copper substrate is consistent with
prior studies showing that cuprous oxide provides a favorable redox activity
surface for charge storage and electron transfer (xu et al, 2021). The integration of
Al(OH);) gel patches onto the Cu,0 further stabilized the electrode by providing
mechanical reinforcement and additional binding sites for organic molecules,. This
hybrid inorganic backbone explains the observed electrode durability during
repeated electrolysis and charge — discharge cycles.
Compared to conventional electrode which often rely on pure metal oxides or
synthetic polymers, this design introduces bio — inspired, low cost reinforcement
strategy, enabling scalability and local resource utilization.



2. Role of Starch and Phenolic Compounds in Charge Storage

Starch, a bio — degradable polysaccharide, acted as hydrogen — bonding network
that cross — link with Al(OH)3) clusters. This improved surface adhesion and
prevented delamination of the electrode layer. more importantly, the addition of
phenolic compounds from hibiscus (zobo) provided a m — electron system capable
of interacting with both starch chains and the Cu,0 surface.

Phenolic molecules have previously been reported to exhibit electron — donating
and antioxidant behavior (Ogidi et al , 2019). This project, their orientation on the
Cu,0 lattice led to anisotropic charge alignment consistent with diamagnetic
anisotropy.

This suggests that the organic coating does not merely act as a passive binder but
actively participates in charge stabilization and energy retention.

3. Electrochemical Behavior and Anisotropy Effect

5.

The observed brown film at the copper electrode was confirmed as Cu,0

/ phenol complex. Unlike typical electrode fouling, this layer improved charge retention
and storage capacity. The system demonstrated orientation - dependent charge storage,
a property not common in conventional batteries but indicative of anisotropic magnetic /
electronic interaction of the electrode interface.

This unique behavior sets the project apart from existing electrochemical storage system.
As it opens pathways toward directional energy devices where current flow and magnetic
interactions can be tuned by electrode structure and orientation.

4. Comparison with Existing Technologies

Conventional lithium - ion batteries: while lithium —ion system provides higher
voltage and energy density, they depend on scarce and non-renewable metal such
as cobalt and nickel. in contrast, this project relies on abundant locally available
and renewable resources (copper, aluminum, cassava starch, hibiscus phenols)
Super Capacitors:

The prototype exhibited high specific capacitance (120 - 180F/g, comparable to

entry level carbon based capacitors, with added advantage of long charge
retention due to the organic - inorganic composite interface.

Bio — inspired energy System:

Similar approaches using bio-polymers (e.g. chitosan, cellulose) have been
reported, but this project demonstrates a unique synergy between starch, phenols
and Cu,O0, resulting in anisotropic storage, a feature rarely observed in bio —
electrode studies.

Implication and Future Direction



Conclusion

The demonstration that organic phenols and polysaccharide can induce
diamagnetic anisotropy on an electrode surface suggest exciting new directions
Development of directional capacitors or batteries where electrode orientation
affects performance.

Exploration of other natural phenolic compounds (e.g. tannins, catechins) for
enhanced anisotropy and charge storage.

Integration into hybrid solar — storage devices, where the anisotropic
Cu,0/phenol interface could couple with light absorbing properties.

Scaling towards low cost, sustainable rural energy storage system, leveraging
cassava and hibiscus supply chains

This project has demonstrated the scientific feasibility and practical relevance of a novel battery
system that integrates:

Copper substrates with porous Cu,0 for electron conduction.
Aluminum hydroxide gel for ionic stabilization

Cassava starch polymer for hydrogen — bond networking.

Phenolic compound from hibiscus for anisotropic charge orientation

The combination of these materials result in diamagnetic anisotropy at the copper site, which
enhances charge storage stability, ionic selectivity, and eco — friendly performance. Unlike
conventional Li — ion or lead acid batteries, this system is based on locally available,
biodegradable, and low cost materials, making it particularly suitable for rural electrification,
micro- grids, agricultural storage systems and renewable integration.

Recommendation

1. Pilot scale development

Building prototype cells and small battery packs for real — world application (solar
lanterns, rural micro grid storage)

Establish partnership with local cassava processors and hibiscus farmer to secure
sustainable feedstock.

2. Sustainability and circular economy

Implement end of life recycling protocols, ensuring copper and aluminum are
recoverable

Use cassava peel starch and hibiscus waste to avoid competition with food
resources.

Promote community based production model for local economic empowerment

3. Commercialization pathway



e Target niche market first (rural electrification, emergency backup system, low cost
solar storage) where cost and sustainability are more important than high energy
density.

e Apply for green financing, innovation grant and climate fund to scale production.

e Develop branding and awareness campaigns emphasizing the battery’s eco —
friendly and African sourced identity.

4. Policy and social integration
e Align with national energy policies in Nigeria and sub — Saharan Africa that
promote renewable energy
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Milestones

Month 3: proof of concept electrode pepareation
Month 6: first working prototype test

Month 8: multi cell scaled — up prototype

Month 10: pilot demonstration complete

Month 11: final report and investor engagement



Cost Implication for the Project Budget of the Design and Fabrication of

100AMP/Hr, 12V Organic Battery

s/n

Item

Cost

Total

Chemicals reagents and
electrolytes

N5,000,000

High purity copper foil,
advance separators,
binders

N4,000,000

Upgrade lab equipment
(hydraulic crimping
machine, touch cell
sealer, glove box
electrode stacking/
winding machine, high
precision pipette and
burette, Ph Meter and
conductive meter,
electrolyte storage
bottle, electrode coating
machine, electrode
punching machine,
magnetic stirrer,
Ultrasonicator)

N15,000,000

Analytic characterization
(XRD,SEM,NMR,
Anisotropy testing

N5,000,000

Pilot scale electrode
preparation line

N5,000,000

Fabrication of 1000 cells

N10,000,000

Cell housing, connectors
and testing rigs

N4,000,000

Assembly of multi cell
battery pack

N5,000,000

Gel polymer and
phenolic coating
integration

N4,000,000

10

Performance monitoring
(loT  sensors, smart
inverter, energy meter

N2,000,000

11

Extended cycling and
durability test

N2,500,000

N61,000,000




12 | Research team and | N5,000,000
technician (stipend) 11
month
13 | Transport, logistic and | N2,000,000
field development
14 | Contingence N1.450,000 N69,950,000
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