
























 

DRP0200271 - StoreMore 
ToR 

Environmental Feasibility 
Analysis for Energy Storage 

Solutions  

 

1 
 

Terms of Reference (ToR) 

Environmental Feasibility Analysis for Energy Storage Solutions 

1. Background: 
The StoreMore project aims to analyse and catalogue sustainable energy storage solutions, 
considering technical, financial, and environmental factors. Activity 1.5 (Catalogue of 
Sustainable Energy Storage Solutions (CSESS)) focuses – among other topics - on assessing the 
environmental impact of shortlisted energy storage options, contributing to the development of 
the Modelling Tool (A2.1) and the Renewable Energy Source (RES) Optimisation Tool (A2.2). For 
details of activities and participating partners see the attached Application Form. 

2. Objective: 
To conduct an environmental feasibility analysis of shortlisted energy storage solutions, 
evaluating their environmental impact across various settings and ensuring high-quality data for 
the Catalogue of Sustainable Energy Storage Solutions.  

Shortlisted energy storage solutions of the StoreMore project: 

1. Gravity-Based Storage 
2. Flywheel Energy Storage 
3. Hydrogen Energy Storage 
4. Vanadium Redox Flow Batteries 
5. Ultracapacitors 

3. Scope of Work: 
 Provide comparative environmental ratings for solutions in diƯerent contexts (e.g., urban 

areas, industrial sites, abandoned mines). 

Requirements for the Environmental Rating Methodology: 

The contractor is required to develop a Comparative Environmental Rating Methodology 
applicable to Gravity Storage and Flywheel Energy Storage, with adaptability for other 
shortlisted technologies (Hydrogen Energy Storage, Vanadium Redox Flow Batteries, 
Ultracapacitors). The methodology should comprehensively evaluate lifecycle emissions, 
resource consumption, recyclability, and site-specific impacts relevant to distributed, 
decentralized applications. It must provide a comparative analysis framework with 
quantitative and qualitative scoring, context-sensitive ratings, and scalability for diƯerent 
deployment contexts. The methodology should be compatible with StoreMore’s tools, 
supporting stakeholder decision-making with transparent and actionable environmental 
ratings. It must be presented with the Inception Report for validation and integration into 
project outputs. 
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 Assess environmental impacts of the following shortlisted energy storage solutions, 
including life-cycle analysis: 

1. Gravity Storage 

2. Flywheels 

 Collaborate with project partners to integrate findings into project tools and the online 
platform. 

 Ensure data accuracy, consistency, and alignment with relevant environmental 
standards. 

Gravity Storage 

Gravity Storage systems are considered for distributed and decentralized energy storage solutions 
within the StoreMore project. These systems utilize potential energy by elevating heavy masses 
and converting it into electricity when needed. We are interested in the following types of Gravity 
Storage configurations: 

1. Surface-Based Gravity Storage – Utilizing modular towers and electric cranes to lift and 
lower heavy weights such as concrete blocks or other dense materials. These systems are 
suitable for installation near renewable energy sources like solar or wind farms, enabling 
local energy balancing. 

2. Legacy Mineshaft Gravity Storage – Repurposing abandoned mineshafts to move heavy 
weights vertically within the shafts, converting potential energy into electrical power. This 
approach is particularly relevant in regions with existing mining infrastructure. 

The environmental feasibility analysis should assess site-specific impacts such as land use, 
geological stability, and integration with decentralized renewable energy systems. Additionally, it 
should include lifecycle assessments of material usage, installation requirements, and potential 
environmental impacts specific to distributed deployment scenarios.  

Flywheel Energy Storage 

Flywheel Energy Storage systems are considered for short-duration, high-power applications 
within decentralized and distributed energy networks. These systems store energy as rotational 
kinetic energy by accelerating a rotor to high speeds. We are particularly interested in the following 
configurations: 

1. Low-Speed Flywheels – Utilizing steel rotors and conventional bearings, suitable for 
applications requiring moderate power and energy capacities. These systems are 
designed for local energy storage in distributed networks, such as community microgrids 
or industrial facilities. 

2. High-Speed Flywheels – Using advanced composite materials (e.g., carbon fiber) and 
magnetic bearings to achieve high rotational speeds, providing high power density and 
rapid response times. These are suitable for frequency regulation, voltage stabilization, 
and grid support in decentralized systems. 
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3. Hybrid Flywheel Systems – Combining flywheels with other energy storage technologies 
(e.g., batteries or ultracapacitors) to enhance performance and flexibility in decentralized 
applications, such as renewable energy integration or electric vehicle charging 
infrastructure. 

The environmental feasibility analysis should focus on localized deployment impacts, lifecycle 
emissions, and material recyclability. It should also evaluate site-specific considerations such as 
noise, vibration, and spatial requirements in distributed energy networks. 

4. Deliverables: 
 Comprehensive environmental impact assessments for each shortlisted energy storage 

solution. 

 Environmental rating framework and detailed ratings for all assessed solutions. 

 Quality control report ensuring the environmental analysis meets project standards. 

 Contribution to the CSESS and support for project partners in integrating environmental 
data. 

5. Contractor Requirements: 
 Experience in environmental analysis, particularly in energy systems or storage solutions. 

 Strong knowledge of environmental standards and life-cycle assessment methodologies. 

 Ability to collaborate with multi-disciplinary teams and deliver high-quality reports within 
deadlines. 

Please note that contractor requirements have already been cleared by the contracting 
authority by shortlisting bidders who are asked to submit price quotes. 

6. Timeline: 
The analysis must be completed before 31st May 2025, with key milestones agreed upon at 
contract initiation. 

7. Reporting: 
The contractor will report to LP1 and PP7 as the designated points of contact for the 
Environmental Feasibility Analysis. The reporting process will include the following components: 

1. Inception Report: 

o Due: Within three weeks of contract initiation. 
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o Content: Detailed work plan, refined methodology, data sources, and the 
Comparative Environmental Rating Methodology as a central component. The 
report should confirm the scope and approach align with project expectations. 

o Purpose: To validate the direction and methodology of the environmental analysis 
before significant resources are committed. Feedback will be provided by LP1 and 
PP7 within one week of submission. 

2. Final Report: 

o Due: By the contract end date. 

o Content: Comprehensive documentation of the environmental impact 
assessments, including: 

 Environmental impact analysis for Gravity Storage and Flywheel Energy 
Storage in distributed, decentralized applications 

 Comparative environmental ratings for the selected storage technologies 

 Recommendations for mitigation strategies based on environmental 
impact findings 

 Integration approach for findings into project tools and the online platform 

o Review and Validation: The Final Report will be reviewed by LP1 and PP7 for 
quality control. Feedback from project partners will be integrated before final 
approval. 

8. Relevant CSESS chapter sections 
The Environmental Feasibility Analysis will be an integral part of the CSESS in the following 
chapters (draft text). Listed tools, databases, and analytical approaches are examples only 
and will need to be updated by the contractor. The chapters presented below outline the 
context of the Environmental Feasibility Analysis. The contractor may implement a diƯerent 
structure as long as it adheres to industrial standards. 

1.2.3.3 Environmental Sustainability: 
Environmental sustainability is a cornerstone of the evaluation framework for the Catalogue. This 
component assesses the environmental impact of each storage technology, ensuring that 
selected solutions align with broader goals of decarbonisation and resource eƯiciency. By 
focusing on lifecycle emissions, material recyclability, and resource dependency, the CSESS 
provides stakeholders with critical insights into the environmental trade-oƯs of each technology. 

Key Metrics for Evaluation 
1. Lifecycle Emissions: 

o This metric evaluates the greenhouse gas (GHG) emissions produced throughout 
the lifecycle of a storage system, from raw material extraction to manufacturing, 
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operation, and end-of-life disposal. Lower lifecycle emissions are preferable, 
particularly for systems designed to integrate renewable energy sources. 

o Example: Vanadium Redox Flow Batteries (VRFBs) typically have low lifecycle 
emissions due to the durability and reusability of vanadium electrolytes, making 
them suitable for sustainable long-term energy storage solutions. 
Ultracapacitors also exhibit low lifecycle emissions, as they do not rely on 
chemical reactions and do not require rare or hazardous materials, reducing their 
overall environmental footprint. 

2. Material Recyclability: 

o Recyclability assesses the ability to recover and reuse materials at the end of the 
system's lifecycle. Technologies using widely recyclable materials, such as 
Vanadium Redox Flow Batteries (VRFBs), which allow nearly 100% recovery of 
vanadium, oƯer significant environmental advantages over less recyclable 
options. 

o Example: VRFBs allow nearly 100% recovery of vanadium, making them one of 
the most recyclable battery technologies. Ultracapacitors also stand out for their 
recyclability, as they are primarily made of carbon-based materials and do not 
contain toxic heavy metals, simplifying end-of-life processing and minimising 
environmental impact. 

3. Environmental Impact Ratings: 

o Environmental impact ratings evaluate factors such as land use, water 
consumption, and resource dependency. For instance, Gravity-Based Storage 
requires significant land or infrastructure but uses abundant and inert materials, 
making it a low-impact option in appropriate contexts. Ultracapacitors, due to 
their long operational lifespan and absence of hazardous materials, contribute to 
reduced resource depletion and waste generation, further enhancing their 
environmental viability in sustainable energy systems. 

Tools and Databases 
To assess these metrics, the CSESS relies on robust lifecycle assessment (LCA) tools and 
environmental databases: 

 Ecoinvent Database: OƯers comprehensive LCA data on materials, energy flows, and 
emissions. 

 European Life Cycle Database (ELCD): Provides datasets aligned with EU standards for 
evaluating environmental impacts across industries. 

 GREET Model: Specialises in analysing GHG emissions and energy use for technologies 
such as batteries and hydrogen systems. 

Environmental certifications further validate sustainability claims. Certifications like the 
Environmental Product Declaration (EPD) and Cradle-to-Cradle Certification oƯer 
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independent assessments of a system's environmental footprint, ensuring transparency and 
accountability. 

Analytical Approach 
1. Lifecycle Assessment: Each technology undergoes a lifecycle analysis to quantify its 

emissions, resource use, and end-of-life impact. 

2. Comparative Analysis: Technologies are ranked based on their environmental 
performance, enabling stakeholders to weigh environmental considerations against 
technical and financial metrics. 

3. Scenario Testing: Environmental impacts are modelled under various conditions, such 
as urban versus rural deployment, to reflect real-world applications. 

By focusing on these metrics and tools, the environmental sustainability assessment ensures that 
stakeholders can make informed decisions aligned with both economic and environmental goals. 
This approach supports the StoreMore project’s mission to drive sustainable energy storage 
solutions in the Danube Region and beyond. 

1.3 Structure of the Catalogue 
The Catalogue is organised into a detailed and consistent structure for each of the selected 
energy storage technologies—Gravity-Based Storage, Flywheels, Hydrogen Storage, Vanadium 
Redox Flow Batteries, and Ultracapacitors. This approach ensures comprehensive coverage of 
each technology's attributes, challenges, and opportunities while providing stakeholders with a 
clear, navigable format to guide decision-making. The structure highlights key technical, financial, 
environmental, and practical aspects of each technology, addressing the diverse priorities of 
renewable energy operators, investors, and policymakers. 

Each chapter begins with an Overview, oƯering a concise summary of the technology, including 
its operational principles, technological maturity (measured using the TRL scale), scale, capacity, 
and overall eƯiciency. This sets the foundation for a deeper exploration of each technology’s 
characteristics. The Financial Analysis section provides a detailed breakdown of capital 
expenditure (CAPEX), operational expenditure (OPEX), and the levelised cost of storage (LCOS), 
with an emphasis on economic viability across diverse regional and market contexts. This analysis 
incorporates stakeholder priorities, such as return on investment, ensuring its practical 
relevance. 

The Environmental Impact section evaluates each technology’s lifecycle emissions, site-
specific impacts, and potential mitigation strategies to reduce its environmental footprint. 
Following this, the Technical Implementation chapter examines key design features, scalability, 
and integration potential, while addressing challenges and presenting viable solutions. The 
inclusion of Practical Case Studies further enriches the catalogue by showcasing successful 
deployments, real-world performance, and lessons learned, oƯering tangible insights into the 
application of each technology. 

Finally, the Stakeholder Insights section captures perspectives and recommendations from 
industry actors, investors, and policymakers, synthesising their input to enhance the applicability 
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of the findings. This comprehensive structure ensures that each technology is examined 
holistically, providing stakeholders with a reliable, actionable resource tailored to the evolving 
energy storage needs of the Danube Region and beyond. 

Table of content for each technology 
x.1 Overview – Not relevant for the price oƯer 

x.2 Financial Analysis – Not relevant for the price oƯer 

x.3 Environmental Impact – THE SCOPE OF THIS ToR 
The Environmental Impact chapter examines the environmental eƯects of each energy storage 
technology, providing stakeholders with critical insights into their sustainability and alignment 
with decarbonisation goals. This section evaluates the full lifecycle of the technologies, considers 
site-specific environmental challenges, and explores strategies to mitigate potential negative 
impacts. It enables stakeholders to balance environmental considerations with technical and 
financial performance in their decision-making process. See: 1.2.3.3 

 Lifecycle Impact Assessment 

This subchapter evaluates the environmental footprint of the technology across its entire 
lifecycle, from raw material extraction and manufacturing to operation and end-of-life disposal. 
Key metrics include greenhouse gas emissions, resource utilisation, and waste generation. The 
analysis also highlights opportunities for improvement, such as using recycled materials or 
transitioning to cleaner manufacturing processes. By assessing lifecycle impacts, this 
subchapter provides a comprehensive view of each technology's contribution to sustainability 
goals. 

 Site-Specific Impacts 

Energy storage systems can have varying environmental eƯects depending on their deployment 
context. This subchapter explores site-specific impacts, such as the use of legacy mine shafts for 
Gravity-Based Storage versus the challenges of deploying storage systems in urban areas. Factors 
like land use, local biodiversity, noise, and visual impacts are considered to provide a nuanced 
understanding of how diƯerent settings influence the environmental performance of each 
technology. 

 Mitigation Strategies 

This subchapter identifies practical strategies to minimise the environmental impacts associated 
with each technology. These strategies include improved recycling processes, alternative material 
choices, and optimised system designs to reduce emissions or land requirements. It also 
considers policy and regulatory measures, such as environmental certifications and incentive 
programs, that encourage sustainable practices. By addressing potential challenges with 
proactive solutions, this subchapter supports stakeholders in making environmentally 
responsible decisions. 
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x.4 Technical Implementation – Not relevant for the price oƯer 

x.5 Practical Case Studies – Not relevant for the price oƯer 

x.6 Stakeholder Insights – Not relevant for the price oƯer 




