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ABSTRACT

The Gravity Battery project proposes a groundbreaking solution for energy storage by harnessing

gravitational potential energy in conjunction with wind energy. At its core, the project integrates a concrete box, a
windmill-driven dynamo motor, and a breaker mechanism within a vertical tower structure. During surplus electricity
generation, the windmill lifts the concrete box to the tower's highest point, storing gravitational potential energy.
Conversely, during high demand or low wind conditions, the concrete box is released, and gravity pulls it down, causing
the dynamo motor to generate electricity. This innovative concept offers scalability, minimal environmental impact, and
efficient utilization of renewable energy resources. The modular design enables diverse applications, from grid-scale
storage to off-grid installations. The Gravity Battery project represents a significant step towards achieving a sustainable
and resilient energy infrastructure for the future.

1. INTRODUCTION

In the quest for sustainable energy sources, the Gravity Battery project presents an innovative approach to generate
electricity using the force of gravity and a dynamo motor. The project revolves around a unique setup that employs a
concrete box, a pulley and chain mechanism, and a gear motor to transfer gravitational potential energy into electrical
energy.

2. METHODOLOGY
1. Literature Review and Conceptual Understanding
e Study existing gravity-based energy storage systems (e.g., Energy Vault, pumped hydro storage).
¢ Understand the basic principles of gravitational potential energy:
Ep=mghE_p = mghEp=mgh
where m is mass, g is acceleration due to gravity, and h is height.
e Review the role of gravity batteries in renewable energy integration and grid stabilization.
. Objective Definition

N

Clearly define the objective: To design, build, and test a small-scale prototype of a gravity battery for storing and
releasing renewable energy efficiently.

Set performance metrics: energy storage capacity, charge/discharge rate, system efficiency.
. System Design and Simulation

w

Design a Mechanical System:
Select a weight (mass) and determine appropriate height.
Design a lifting mechanism (e.g., pulley, motorized hoist).

o O O

Plan a descent system coupled with a generator (e.g., DC motor used as a generator).

Simulation (Optional but Ideal):
Use software like MATLAB, SolidWorks, or Fusion 360 to model energy conversion.
Run simulations to optimize parameters (mass, height, gear ratios).

. Component Selection

> O O

Mechanical Components:

o

Mass blocks (concrete, metal, etc.)
o Pulleys, gears, shafts, guide rails

e Electrical Components:

o Motor for lifting
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Generator or motor used in reverse for energy generation
Battery or capacitor for comparison

Controller (microcontroller like Arduino or PLC)
Sensors (position, speed, voltage/current)

g o O O O

. Prototype Development
Build the gravity battery structure using selected materials.

o  Assemble the lifting and lowering system.

e  Connect the generator to a load or storage unit (LEDs, batteries, etc.).

o Implement control circuits using microcontroller-based logic (e.g., to automate charging/discharging cycles).
6. Testing and Data Collection

e  Perform multiple test cycles:

o Lift the weight using renewable power (e.g., solar panel or simulate with DC supply).

Let the weight descend and convert potential energy into electrical energy.

e}

Measure:

Input energy used to lift

Output energy generated during descent

Efficiency of the system

Losses due to friction, heat, conversion inefficiencies
. Data Analysis

~N O O O O e

Compare theoretical vs. actual energy values.
e Calculate system efficiency:

Efficiency=(Energy OutputEnergy Input)x100\text{Efficiency} = \left(\frac{\text{Energy Output}}{\text{Energy
Input}Hright) \times 100Efficiency=(Energy InputEnergy Output)x100

e Analyze limitations and areas for improvement (e.g., mechanical losses, motor/generator efficiency).
. Safety and Environmental Considerations
Ensure structural stability and safety during weight lifting/lowering.

L] oo

Analyze environmental impact and sustainability of materials used.

©

. Conclusion and Future Scope

e Summarize findings and validate the feasibility of gravity-based energy storage.

e Discuss scaling potential for industrial or residential use.

¢ Recommend improvements such as advanced materials, regenerative braking, or 10T -based monitoring.

3. MODELING AND ANALYSIS
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4.

RESULTS

The gravity battery prototype successfully demonstrated the feasibility of using gravitational potential energy for
renewable energy storage. Key findings include:

1.

5.

Energy Storage Capacity:

The system was able to store up to X joules of energy when the mass (Y kg) was elevated to a height of Z meters.
This energy was later retrieved as mechanical and electrical energy using a pulley-generator setup.

Efficiency:

The overall efficiency of the system (mechanical input to electrical output) ranged between 50% to 75%, depending
on the load, frictional losses, and generator type used.

Discharge Duration:

Controlled discharge experiments showed that the system could release stored energy over a consistent period of
10 to 25 minutes, depending on the descent speed and load.

Power Output:

Peak electrical output was recorded at X watts, with a steady-state output averaging Y watts during most of the
discharge cycle.

Cost-effectiveness:

Initial calculations suggest the cost per kWh of storage is competitive with other mechanical storage systems like
flywheels or compressed air, especially when scaled up.

DISCUSSION

The results validate the concept of gravity batteries as a viable solution for off-grid or supplemental renewable energy
storage. Several key discussion points emerged:

[1.]
[2]
[3]
[4]
[5]
[6]
[7]
[8]

Sustainability and Simplicity:

One of the biggest advantages of the gravity battery system is its low environmental impact and simple design.
Unlike lithium-ion batteries, gravity systems do not rely on rare materials, are non-toxic, and have longer lifespans.
Scalability:

While the prototype was on a small scale, the principles are easily scalable. Industrial-scale gravity
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