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An In-depth Analysis of Gravity Energy Storage Systems 

Chapter 1: Briefing Document: The State of Gravity Energy Storage 

1.1. Executive Summary 

Gravity Energy Storage (GES) systems represent a compelling, if challenging, class of 

mechanical technologies essential for the long-duration storage needs of deeply decarbonized 

power grids. By converting surplus electrical power into gravitational potential energy, GES 

offers a physically-grounded alternative to chemical batteries, critical for stabilizing grids reliant 

on intermittent sources like wind and solar. While the sector is dominated by the proven, 

gigawatt-scale technology of Pumped-Storage Hydroelectricity (PSH), a new generation of 

concepts—including solid-mass systems utilizing cranes (Energy Vault), mine shafts 

(Gravitricity), and inclined railways (ARES), as well as innovative hydraulic rock-piston designs 

(Heindl Energy)—is emerging. The central debate surrounding these novel systems concerns 

their economic viability; despite advantages in lifespan and material sustainability, they currently 

face high initial capital costs and lower energy density compared to the rapidly maturing lithium-

ion battery market. The outlook for the sector is therefore twofold: PSH remains the benchmark 

for large-scale gravity storage, while the commercial success of newer GES technologies will 

hinge on their ability to overcome significant cost and scale-up challenges to prove their long-

term value proposition. 

1.2. The Imperative for Grid-Scale Energy Storage 

The strategic importance of large-scale energy storage for modern power grids cannot be 

overstated. As the world accelerates its adoption of renewable energy to achieve decarbonization 

goals, the integration of intermittent power sources like wind and solar presents a fundamental 

challenge to grid stability. The International Energy Agency has highlighted the massive growth 

in storage capacity required to support this transition, projecting a need for over 25,000 GWh 

by 2040—a nearly threefold increase from today's capacity. 

The core challenge that Gravity Energy Storage (GES) aims to solve is the inherent fluctuation 

of power grids due to the mismatch between energy production and consumption. During off-

peak hours, typically at night, production capacity from sources like wind can far exceed what is 

being drawn from the grid. Conversely, during peak hours, consumer and industrial demand for 

electricity can approach or surpass the available production capacity at that moment. This 

imbalance creates a natural unsteadiness that requires a buffer. GES provides a mechanical 

method to absorb surplus energy when supply is high and demand is low, and dispatch it back to 

the grid when demand outstrips immediate supply. 

This fundamental need for a balancing mechanism positions GES as a critical potential solution 

for ensuring a reliable, resilient, and renewable-powered energy future. 

1.3. The Fundamental Principle of Gravity Energy Storage 

Gravity Energy Storage is a form of mechanical energy storage that leverages one of the planet's 

most constant and abundant forces. As a physically-grounded alternative to chemical batteries, 

GES offers strategic advantages for long-duration applications, relying on simple, durable 

materials rather than complex electrochemistry. The technology is based on the straightforward 

principle of converting electrical energy into potential energy and back again. 
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The core physics of GES is described by the gravitational potential energy formula: U = mgh. 

In this equation: 

 U represents the stored potential energy. 

 m is the mass of the object being lifted. 

 g is the acceleration due to gravity (approximately 9.8 m/s² on Earth). 

 h is the vertical height to which the mass is lifted. 

To store energy, surplus electricity powers a motor or pump to lift a heavy mass (solid blocks, 

water, trains) to a higher elevation. This work done against gravity is stored as potential energy. 

To discharge energy, the mass is lowered in a controlled manner, and the force of gravity converts 

the potential energy back into kinetic energy, which spins a generator to produce electricity. 

However, the physics also reveal the immense scale required to store a meaningful amount of 

energy for grid applications. As the following examples illustrate, the energy density of 

mechanical gravity storage is relatively low, necessitating either massive weights or extreme 

height differences. 

Illustrative Scale of Gravity Potential 

Energy 
Mass & Height 

Stored Energy 

(Approx.) 

Hypothetical 1-Ton Block 1,000 kg lifted 100 meters 0.28 kWh 

Office Freight Elevator 9,000 kg lifted 225 meters 5.5 kWh 

ARES Gravity Train (Example) 6,500,000 kg lifted 180 meters 3.2 MWh 

Pumped-Hydro Storage (Example) 
1 billion kg of water lifted 500 

meters 

1,400 MWh (1.4 

GWh) 

This table starkly contrasts the limited capacity of smaller-scale concepts with the GWh-scale 

potential of PSH, grounding the discussion in the physical realities of the technology. The 

primary engineering challenge for all GES systems is to apply this fundamental principle in a 

way that is both scalable and economically competitive. 

1.4. A Comparative Analysis of GES Technologies 

Gravity Energy Storage is not a single technology but a category of diverse systems, each with 

unique designs, applications, and limitations. This section critically evaluates the most prominent 

examples, from the established industry benchmark to innovative emerging concepts. 

1.4.1. The Benchmark: Pumped-Storage Hydroelectricity (PSH) 

Pumped-Storage Hydroelectricity operates by using two water reservoirs situated at different 

elevations. During periods of low electricity demand and surplus energy, water is pumped from 

the lower reservoir to the upper one. When the grid requires power, this water is released, 

flowing back down through turbines to generate electricity. PSH is the world's most mature and 

largest-capacity form of grid energy storage, accounting for over 95% of global storage capacity. 

Its primary advantage is its proven ability to deliver GWh-scale, long-duration storage with high 

round-trip efficiency (up to 90%). However, PSH is severely limited by its disadvantages: it 
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requires specific and rare geographical topographies with significant elevation changes and 

access to large water sources. Furthermore, the construction of dams and reservoirs involves 

significant capital investment, long construction timelines, and can have substantial 

environmental and ecological impacts on natural habitats. 

1.4.2. Lifted Solid Mass Systems: Cranes, Trains, and Shafts 

This category of GES replaces water with solid masses, offering greater geographic flexibility 

than PSH. Several distinct approaches are currently in development. 

 Energy Vault's Block-Stacking System: This system uses automated cranes to lift and 

stack massive blocks. The company's first commercial-scale facility in Rudong, China, 

features a large building housing 3,500 25-ton blocks, with a total storage capacity of 

100 MWh. While the system has faced criticism for the high CO2 footprint of its concrete 

blocks, Energy Vault is actively mitigating this by engineering blocks made from locally 

sourced waste materials, such as excavated soil from the construction site, coal ash, or 

even decommissioned wind turbine blades—turning a potential environmental liability 

into a key part of its value proposition. 

 ARES' Gravity Trains: Advanced Rail Energy Storage (ARES) employs heavy, 

weighted rail cars on a gentle incline. Excess grid power is used to drive the 300-ton 

trains uphill. To discharge energy, the trains roll back down the slope, and their 

regenerative braking systems act as generators. A planned 50 MW project in Nevada 

will use a 9.2 km track with a 7.2% grade. Its key claimed advantages are its low cost—

purportedly half that of the cheapest alternatives, a figure that awaits validation in its 

commercial deployment—and its suitability for arid, desert locations where water-based 

systems are not feasible. 

 Gravitricity's Mine Shaft System: This concept repurposes decommissioned mine shafts 

to house a Lifted Weight System (LWS). An electric winch lifts one or more massive 

weights (500 to 5,000 tonnes) to the top of the shaft to store energy. When the weight 

is lowered, the winch motor acts as a generator. This approach offers the advantages of 

using existing infrastructure, minimizing new surface land use, and achieving long-

duration storage of up to 9 or 12 hours. Pilot projects are underway to prove the concept's 

viability. 

1.4.3. Hydraulic Piston Systems: The Heindl Energy Concept 

An innovative approach, the Heindl Energy "Hydraulic Rock Storage" system, aims for GWh-

scale storage without needing natural elevation. The system operates by hydraulically lifting a 

massive, subterranean cylindrical rock piston that has been separated from the surrounding 

bedrock. Excess electricity drives pumps that force water underneath the piston, raising it and 

storing immense potential energy. When power is needed, the high-pressure water is released 

through a turbine. 

The system's unique value proposition lies in its remarkable scaling economics; as the piston's 

diameter doubles, the storage capacity increases by a factor of 16, while construction costs only 

increase by a factor of four, dramatically lowering the cost per kWh at larger scales. This unique 

scaling property directly confronts the primary economic hurdle facing novel GES: high initial 

capital costs. While a smaller pilot project might appear uncompetitive, the technology's physics 

suggest that at the GWh-scale required for grid balancing, the levelized cost of storage could fall 
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dramatically, a crucial point for investors with a long-term outlook. Heindl Energy claims a 

round-trip efficiency of over 80%, a service life of 60+ years, and the ability to be built in any 

region with stable, solid bedrock. 

These emerging technologies, while promising, must navigate a landscape of significant economic 

and strategic challenges to compete with established storage solutions. 

1.5. Critical Assessment: Viability, Challenges, and Outlook 

While GES technologies present an intriguing pathway toward a sustainable energy future, they 

face significant economic and technical hurdles that will determine their mainstream adoption. 

The central debate revolves around whether their advantages in longevity and material 

sustainability can outweigh their high initial costs and physical limitations when compared to 

dominant technologies like lithium-ion batteries. 

Strategic Comparison: GES vs. Lithium-Ion Batteries 

Metric 
Gravity Energy Storage 

(GES) 
Lithium-Ion Batteries 

Lifespan 
Very Long (50-60+ years) 

with minimal degradation. 

Shorter (~15 years) with chemical 

degradation over cycles. 

Energy Density 
Very Low. Requires large 

masses and/or heights. 

High. Compact and suitable for space-

constrained applications. 

Round-Trip 

Efficiency 

High (80-90% for most 

systems). 
Very High (typically >90%). 

Response Time 
Slower (mechanical movement 

required). 

Near-instantaneous (milliseconds), ideal 

for frequency regulation. 

Material Sourcing 
Abundant, common materials 

(rock, concrete, water, steel). 

Relies on scarce resources (lithium, cobalt) 

with environmental and geopolitical 

concerns. 

Primary 

Application 

(Duration) 

Long-Duration Storage (6+ 

hours to seasonal). 

Short-Duration Storage (typically <4 

hours). 

 

The central economic challenge for novel GES is the high initial capital expenditure. A 

Bloomberg NEF analysis found that gravity storage is currently double the cost of lithium-ion 

technology, with its costs projected to decline slowly. Proponents argue that the extremely long 

lifespan of GES systems (50+ years) will result in a lower long-term Levelized Cost of Storage 

(LCOS), making the initial investment worthwhile. However, this requires investors to adopt a 

long-term perspective in a rapidly evolving market. 

A strong skeptical viewpoint, articulated in publications like CleanTechnica, argues that the 

fundamental physics of gravity make most mechanical systems impractical at grid scale. Outside 

of PSH, which leverages immense masses of water and natural topography, the energy density 
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is simply too low. Calculations show that even a kilometer-long freight train or a massive weight 

in a deep mine shaft stores significantly less energy than a single, container-sized lithium-ion 

battery pack. This perspective suggests that many novel GES concepts are laudable in principle 

but ultimately uncompetitive due to insurmountable physical and engineering limitations. 

In conclusion, while PSH remains the only proven and globally deployed GWh-scale gravity 

storage solution, novel GES systems present compelling alternatives, particularly for long-

duration storage needs. Their future role in the energy grid hinges not only on technical 

maturation but also on the emergence of market mechanisms and policy frameworks—such as 

capacity markets or long-duration storage mandates—that properly value their long-lifespan and 

grid-stabilizing attributes over the short-term cost advantages of chemical batteries. 

--------------------------------------------------------------------------------  

--------------------------------------------------------------------------------  

--------------------------------------------------------------------------------  

Chapter 2: Study Guide for Gravity Energy Storage Systems 

2.1. Introduction to the Study Guide 

This chapter is designed as a comprehensive educational tool to reinforce your understanding of 

Gravity Energy Storage (GES) concepts, technologies, and strategic implications. Based on the 

preceding briefing document, this guide will review core knowledge, test your comprehension 

with a short quiz, and prompt deeper analysis through critical thinking questions. 

2.2. Core Knowledge Review 

Fundamental Principles The core principle of GES is the conversion of surplus electrical energy 

into gravitational potential energy. This is achieved by using electricity to lift a large mass (m) 

against the force of gravity (g) to a significant height (h), storing energy according to the formula 

U = mgh. When electricity is needed, the mass is lowered in a controlled manner, converting 

the stored potential energy back into electrical energy via a generator. 

Pumped-Storage Hydroelectricity (PSH) PSH is the most established and largest-capacity 

form of GES. It operates using two water reservoirs at different elevations. To store energy, 

water is pumped from the lower reservoir to the upper one. To generate electricity, the water is 

released from the upper reservoir, flowing down through turbines. Its primary advantages are 

its massive scale and proven reliability, but it is limited by strict geographical requirements and 

significant environmental impacts from dam construction. 

Lifted Weight Systems (LWS) LWS technologies use solid masses instead of water, offering 

greater geographic flexibility. Key variations include Energy Vault's system, which uses cranes 

to stack large concrete or waste-material blocks in a specially designed structure. Another 

prominent example is Gravitricity's concept, which proposes using electric winches to lift and 

lower massive weights within the shafts of decommissioned mines, thereby repurposing existing 

infrastructure for long-duration storage. 

Gravity Trains (ARES) The Advanced Rail Energy Storage (ARES) system utilizes heavy, 

weighted trains on an inclined railway. Excess electricity powers the trains uphill, storing 

potential energy. During discharge, the trains roll downhill, and their regenerative braking 
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systems function as generators to feed power back into the grid. This design is particularly suited 

for arid locations where water-based storage is not feasible. 

Piston-based Gravity Storage (Heindl Energy) This innovative concept involves creating a 

massive, subterranean cylindrical rock piston. To store energy, water is pumped beneath the 

piston, hydraulically lifting it. To discharge, the high-pressure water is released to drive a 

turbine. This design can achieve GWh-scale storage without needing natural elevation 

differences and boasts favorable scaling economics, though it requires specific stable bedrock 

geology. 

Key Advantages of GES The primary benefits shared by most GES technologies are their 

extremely long operational lifespans (often 50 years or more), far exceeding chemical batteries. 

They rely on abundant and sustainable materials like rock, water, and concrete, avoiding the 

supply chain and environmental issues associated with lithium and cobalt. For non-PSH systems, 

there is also greater flexibility in location compared to the strict topographical needs of pumped 

hydro. 

Key Disadvantages and Challenges The main hurdles for emerging GES technologies are high 

initial capital costs, which are currently estimated to be significantly higher than lithium-ion 

batteries. They also have a very low energy density, meaning they require large physical 

footprints, massive weights, or significant height differentials to store a meaningful amount of 

energy. This creates intense competition from other storage technologies that are more compact 

and currently more cost-effective. 

2.3. Knowledge Assessment Quiz 

Answer the following questions based on the information provided in the briefing document. 

1. What is the fundamental principle behind gravity energy storage systems? 

2. How does Pumped-Storage Hydroelectricity (PSH) utilize gravity to store energy? 

3. Name two different types of "Lifted Weight Systems" (LWS) and the companies 

developing them. 

4. What is the main challenge in storing significant amounts of energy using solid masses 

in a gravity battery? 

5. Describe how the Heindl Energy "Hydraulic Rock Storage" system works. 

6. What is a key advantage of gravity batteries over chemical batteries like lithium-ion, 

particularly regarding lifespan? 

7. Why are decommissioned mine shafts considered potentially suitable locations for some 

gravity energy storage systems? 

8. What is the potential energy formula, and what does each variable represent? 

9. What is the estimated energy storage capacity of the Energy Vault facility in Rudong, 

China? 

10. What critical role are gravity batteries expected to play in supporting the expansion of 

renewable energy sources? 
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Quiz Answer Key 

1. The fundamental principle is converting electrical energy into gravitational potential 

energy by lifting a mass to a higher elevation. That potential energy is then converted 

back into electricity by lowering the mass, allowing gravity to power a generator. 

2. PSH stores energy by using surplus electricity to pump water from a lower reservoir to 

a higher one. When energy is needed, the water is released from the upper reservoir, 

flowing down through turbines to generate electricity. 

3. Two types of LWS are block-stacking systems using cranes, developed by Energy Vault, 

and systems that use heavy weights lifted by electric winches in underground shafts, 

developed by Gravitricity. 

4. The main challenge is that mechanical potential energy has a low energy density. To 

store megawatt-scale energy, extremely large masses and significant height differences 

are required, which presents major engineering and economic difficulties. 

5. The Heindl Energy system uses pumps to force water under a massive, subterranean 

rock piston, lifting it to store potential energy. To discharge, the pressurized water is 

released from under the piston to drive turbines and generate electricity. 

6. A key advantage is their exceptionally long lifespan. Some GES systems are designed for 

a service life of 50-60 years or more, significantly longer than the typical 15-year lifespan 

of grid-scale chemical batteries. 

7. Decommissioned mine shafts are suitable because they provide significant existing depth 

(height difference), which is crucial for maximizing potential energy storage. Utilizing 

them also reduces new construction costs and surface land use. 

8. The formula is U = mgh, where 'U' is potential energy, 'm' is mass, 'g' is the acceleration 

due to gravity, and 'h' is the vertical height. 

9. The Energy Vault facility in Rudong, China, has an estimated energy storage capacity 

of 100 MWh. 

10. Gravity batteries are expected to store excess energy generated by intermittent 

renewable sources (like wind and solar) and release it during periods of low generation 

or high demand, thereby ensuring a stable and reliable grid. 

2.4. Critical Thinking Essay Questions 

The following questions are designed to encourage deeper analysis of the topics covered. 

1. Compare and contrast Pumped-Storage Hydroelectricity (PSH) with emerging solid-

mass gravity storage technologies like Energy Vault's system and ARES' gravity trains. 

Discuss their relative advantages and disadvantages in terms of geographical constraints, 

environmental impact, scalability, and economic viability. 

2. Analyze the economic argument for and against novel Gravity Energy Storage systems. 

Considering factors like high initial capital costs, low energy density, long lifespan, and 

low maintenance, under what market conditions could these technologies become 

competitive with lithium-ion batteries? 
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3. Discuss the role of gravity energy storage in achieving global carbon neutrality. How do 

these systems specifically address the challenges of integrating intermittent renewables 

like wind and solar into the power grid, and what are their limitations in this role? 

4. Evaluate the engineering and logistical challenges associated with constructing and 

operating a large-scale GES system, such as the Heindl Energy rock piston or 

Gravitricity's mine shaft concept. Consider aspects like site selection, material sourcing, 

excavation, and operational reliability. 

5. Critically assess the "energy density" argument against mechanical gravity storage. 

Using the examples provided in the analysis, explain why achieving GWh-scale storage 

with solid masses is so challenging compared to PSH and chemical batteries. 

2.5. Glossary of Key Terms 

The following is a list of key terms relevant to the study of Gravity Energy Storage. 

 Advanced Rail Energy Storage (ARES): A gravity storage system that uses heavy 

trains on an inclined railway track to store and generate electricity. 

 Carbon Neutrality: A state of net-zero carbon dioxide emissions, where CO2 emissions 

are balanced by their removal from the atmosphere. GES aids this goal by enabling 

greater use of renewable energy. 

 Energy Density: The amount of energy stored in a given system or region of space per 

unit volume or mass. GES systems generally have low energy density compared to 

chemical batteries. 

 Energy Vault: A company developing a Lifted Weight System that uses cranes to lift and 

stack large concrete or waste-material blocks. 

 Gravitational Potential Energy: The energy an object possesses due to its position in a 

gravitational field, calculated as mass × gravity × height (U=mgh). 

 Gravity Battery: An energy storage device that stores energy by lifting a mass against 

gravity and discharges energy by lowering it to power a generator. 

 Gravitricity: A company developing a Lifted Weight System that raises and lowers heavy 

weights in disused mine shafts. 

 Grid Stability: The ability of an electric grid to maintain a stable state of operation under 

normal conditions and to regain an acceptable state after a disturbance. Energy storage 

is crucial for maintaining stability with intermittent renewables. 

 Levelized Cost of Storage (LCOS): The total cost of a storage project over its lifetime 

divided by the total energy discharged, providing a measure of the cost per unit of 

electricity stored and dispatched. 

 Lifted Weight System (LWS): A category of gravity batteries that store energy by 

physically lifting heavy solid masses. 

 Pumped-Storage Hydroelectricity (PSH): The most common form of grid-scale energy 

storage, where water is pumped between two reservoirs at different elevations to store 

and generate power. 
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 Round-Trip Efficiency: The ratio of the electrical energy discharged from a storage 

system to the electrical energy charged into it, expressed as a percentage. It measures 

the energy losses during a full charge-discharge cycle. 

--------------------------------------------------------------------------------  

--------------------------------------------------------------------------------  

--------------------------------------------------------------------------------  

Chapter 3: Frequently Asked Questions (FAQs) 

3.1. Introduction 

This section addresses the most common questions about Gravity Energy Storage, providing 

clear and concise answers based on the preceding analysis. 

3.2. Top 10 Questions on Gravity Energy Storage 

1. What exactly is a gravity battery and how does it work? A gravity battery is a device 

that stores energy by using electricity to lift a heavy mass (like water, concrete blocks, 

or weighted trains) to a higher elevation. This process converts electrical energy into 

stored gravitational potential energy. To release the energy, the mass is lowered in a 

controlled way, allowing gravity to pull it down and spin a generator, which converts the 

potential energy back into electricity. 

2. Why is there a growing need for energy storage solutions like gravity batteries? The 

global shift to renewable energy sources like wind and solar has created a critical need 

for large-scale energy storage. These sources are intermittent—the sun doesn't always 

shine and the wind doesn't always blow. Energy storage is necessary to capture surplus 

energy when it's being produced and release it later when demand is high or production 

is low, ensuring a stable and reliable power grid. 

3. What are the main types of gravity energy storage systems being developed? The main 

types include: 

o Pumped-Storage Hydroelectricity (PSH): The most common type, which pumps 

water between two reservoirs. 

o Lifted Weight Systems (LWS): These use solid masses. Examples include 

Energy Vault's crane-and-block system and Gravitricity's concept of lifting 

weights in mine shafts. 

o Gravity Trains: Systems like ARES use heavy rail cars on an incline. 

o Hydraulic Piston Systems: An innovative concept from Heindl Energy that uses 

water pressure to lift a massive subterranean rock piston. 

4. How does gravity energy storage compare to lithium-ion batteries? Gravity storage 

systems typically have a much longer lifespan (50+ years vs. ~15 years for lithium-ion), 

use more common and sustainable materials, and are better suited for long-duration 

storage (6+ hours). However, they have a much lower energy density, meaning they are 

far larger and have higher initial construction costs. Lithium-ion batteries are compact, 
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have near-instant response times, and are currently more cost-effective for short-

duration applications. 

5. What are the primary advantages of gravity storage? The main advantages are a very 

long operational life with minimal performance degradation, reliance on abundant and 

environmentally friendly materials (rock, water, steel), and suitability for long-duration 

energy storage. Unlike PSH, newer solid-mass systems also offer greater flexibility in 

where they can be built. 

6. What are the biggest challenges and criticisms facing new gravity storage 

technologies? The biggest challenges are high initial capital costs and low energy 

density. Critics argue that, outside of PSH, the amount of mass and height required to 

store a meaningful amount of grid-scale energy makes these systems economically 

uncompetitive and physically impractical compared to alternatives like lithium-ion 

batteries. Proving their long-term cost-effectiveness remains a major hurdle. 

7. Is pumped-storage hydro a type of gravity battery, and if so, why are new types 

needed? Yes, PSH is the original and most widespread form of gravity battery. However, 

new types are needed because PSH has very strict geographical requirements—it needs 

two large reservoirs with a significant height difference, which limits where it can be 

built. New GES technologies aim to provide the benefits of gravity storage without these 

topographical constraints. 

8. How environmentally friendly are gravity storage systems? Generally, they are 

considered environmentally friendly during operation as they use no chemicals and 

produce no emissions. They primarily rely on durable and reusable materials like rock 

and water. However, there are environmental impacts to consider, such as the major 

ecological disruption from dam construction for PSH and the significant carbon footprint 

associated with the concrete used in some LWS designs. 

9. Are any of these new gravity batteries actually in operation? Yes, some are moving 

beyond the prototype stage. Energy Vault's first commercial-scale 100 MWh block-

stacking facility began operations in Rudong, China, in 2024. Gravitricity has operated 

a smaller 250 kW prototype in Scotland. ARES is constructing a 50 MW gravity train 

facility in Nevada. Most concepts, however, are still in pilot or development phases. 

10. What is the long-term economic outlook for gravity energy storage? The long-term 

outlook is mixed and depends on the technology. PSH will likely remain a key part of the 

energy storage portfolio where geography allows. For newer GES technologies, the 

economic viability is uncertain. While their costs are currently high, proponents argue 

that their extremely long lifespan could lead to a lower Levelized Cost of Storage (LCOS) 

over time, making them competitive for long-duration applications if they can successfully 

scale up and reduce initial construction costs. 

--------------------------------------------------------------------------------  

--------------------------------------------------------------------------------  

--------------------------------------------------------------------------------  
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Chapter 4: Timeline of Gravity Storage Development 

4.1. Introduction 

This timeline charts the key historical milestones and recent developments in gravity-based 

energy technologies, from early mechanical principles to modern grid-scale innovations. 

4.2. Key Milestones 

 1656: Christiaan Huygens invents the pendulum clock, an early device that uses gravity 

to power mechanical movement via a falling weight. 

 1907: The first gravity-based pumped-storage hydroelectricity (PSH) system is 

developed in Switzerland. 

 1930: Pumped-storage technology is introduced in the United States by the Connecticut 

Electric and Power Company. 

 1979: The Markersbach PSH plant in Germany becomes operational, a large-scale 

example with a storage capacity of 4 GWh. 

 2011: Gravitricity is founded by Peter Fraenkel to develop gravity storage systems using 

weights in mine shafts. 

 2012: Martin Riddiford and Jim Reeves develop the first functioning prototype of 

GravityLight, a small-scale gravity-powered lamp for off-grid use. 

 2017: Energy Vault is founded in Switzerland to develop its crane-based, block-stacking 

gravity battery system. 

 2020: Energy Vault builds its prototype tower in Arbedo-Castione, Switzerland, 

demonstrating the concept with 35-ton blocks. 

 2021: Gravitricity begins trial operations and grid connection for its 250-kilowatt 

prototype demonstrator near Edinburgh, Scotland. 

 2024: Energy Vault's first commercial-scale facility, a 100 MWh system, goes into 

operation in Rudong, China. 

 2025 (Projected): Energy Vault plans to bring a smaller storage facility online in Snyder, 

Texas. 

 2027 (Projected): Companies like Gravitricity and Green Gravity hope to have their first 

commercial-scale mine-shaft-based storage systems online. 

--------------------------------------------------------------------------------  

--------------------------------------------------------------------------------  

--------------------------------------------------------------------------------  
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