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ABSTRACT 

This project evaluates the challenges (technical, cost, manufacturing, sustainability, IP, safety, 
commercialization, regulatory and workforce) and solutions faced by entrepreneurs entering the solid-state 
battery landscape, focusing on technologies that can disrupt the battery market in the space economy and 
related industries. 
 
Binergy, the name of the hypothetical startup, aspires to become a key player through its pioneering 
development of bismuth ion solid-state batteries (BIBs), offering safer, longer-lasting energy storage for space 
applications, electric vehicles, and renewable energy industries. By emphasizing sustainability and innovation, 
Binergy addresses technical and scalability challenges while leveraging strategic partnerships and diverse 
funding, such as government grants and venture capital, to secure its market position. 
 
A key part of Binergy’s strategy is fostering collaboration between the space community and broader 
industries to drive societal benefits within a supportive regulatory framework. By aligning its objectives with 
global needs, Binergy seeks to contribute to economic and technological advancements. 
 
To guide early success, three essential frameworks have been developed: 
 
·        The Business Case: Outlines the strategic business framework, market demand, multiple challenges, and 
solutions critical to develop a bismuth ion battery technology business. 
 
·        The Project Management Plan: Provides actionable steps for tackling technical feasibility, regulatory 
compliance, risk management, IP strategies, and ESG (Environmental, Social, and Governance) reporting, all 
vital for building trust and securing competitive advantages. 
 
·        The Post-Project Phase: The "Post-Project Phase" analysis focuses on operational costs, sales 
strategies, cash flow challenges, and the financial trajectory needed to achieve profitability in the solid-state 
battery (SSB) market. 
 
In this evolving environment, sustainability-driven business models and ecosystem engagement are essential 
for long-term viability. Startups like Binergy are encouraged to use strategic tools such as the Business Model 
Canvas (BMC) and Value Proposition Canvas (VPC), scenario planning, Death Valley Curve Analysis, regulatory 
compliance, and stakeholder engagement, to align with customer needs and optimize operational efficiency. 
 
This project underscores the significance of sustainability-focused models, ecosystem collaboration, and 
regulatory support in the space economy, while emphasizing the crucial role of solid-state batteries in 
advancing technology across multiple sectors. 
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1. INTRODUCTION 

The global shift toward renewable energy, particularly solar and wind power, presents a significant challenge: 
the intermittent nature of these energy sources causes instability in electricity grids and raises the risk of 
blackouts without reliable energy storage solutions. Currently, conventional lithium-ion batteries are widely 
used for energy storage in devices ranging from smartphones to electric vehicles (EVs). However, these 
batteries have notable limitations, including performance degradation over time, safety risks due to liquid 
electrolyte leakage, and the formation of lithium dendrites, which can lead to short circuits and even 
explosions. 

All-Solid-State Batteries (ASSBs) have emerged as a promising solution to these challenges. By replacing liquid 
electrolytes with solid ones, ASSBs eliminate the risks of leakage and dendrite formation, resulting in 
improved safety, higher energy density, faster charging times, and greater durability. These advantages make 
ASSBs particularly attractive for next-generation energy storage, including their use in electric vehicles and 

the rapidly advancing space sector. 

However, ASSBs still face significant obstacles, such as manufacturing complexity, stability issues, high 
production costs, and scalability challenges. Optimizing solid electrolytes and improving the interfaces 
between electrodes are critical hurdles that must be overcome. Additionally, the high cost of production and 
difficulties in scaling up manufacturing processes remain major barriers to widespread commercialization. 
Solutions under exploration include the development of novel solid electrolytes, better materials for 
enhanced conductivity, and refining production methods to reduce costs and improve scalability. Recent 

advancements in these areas are promising and could accelerate the commercialization of ASSBs. 

The potential for ASSBs goes beyond the EV market and extends into other industries, notably the growing 
Space Economy. Driven by technological innovation and increasing public-private partnerships, the space 
sector is experiencing rapid growth, particularly in the deployment of small satellites and advanced propulsion 
systems. In this context, energy storage technologies, particularly bismuth-ion solid-state batteries (BIBs), 
present exciting possibilities. BIBs offer superior environmental safety, enhanced conductivity, and improved 
cycling capabilities, making them ideal for space applications and other industries that require high-
performance energy solutions. 

Workforce development is also a critical challenge in the commercialization of ASSBs and BIBs. The industry 
requires a highly skilled workforce capable of addressing the technical complexities of battery innovation, 
from material science to advanced manufacturing techniques. Training, education, and strategic investments 
in workforce development will be essential for scaling up production, reducing costs, and meeting the 

increasing demand for sustainable energy storage solutions. 

Startups focusing on solid-state battery technologies, including those leading the development of BIBs, are 
well-positioned to drive breakthroughs in sustainable energy storage. By employing strategic entrepreneurial 
frameworks, these companies can address commercialization, market entry, regulatory hurdles, and cost 
challenges while overcoming scalability issues and ensuring compliance with environmental standards. As 
they succeed in these areas, they will play a crucial role in shaping the future of industries such as electric 
vehicles, renewable energy, and space exploration, contributing to the broader transition toward sustainable 

and efficient technologies.
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2. LITERATURE REVIEW 
 
 
2.1. The Energy Storage Challenge: A California Case Study 
 
The shift from carbon-intensive to renewable energy is accelerating, with traditional coal, oil, and gas systems 
giving way to decentralized sources like solar photovoltaic (PV) and wind energy. Two decades ago, 
renewables played a minor role; today, they are vital to many grids. However, their intermittent nature poses 
challenges. Unlike coal or gas plants, solar and wind depend on weather, making reliable energy storage 
crucial for grid stability. 
 
Energy storage systems are key to addressing this intermittency by storing excess renewable energy during 
high production periods for later use. The goal is to integrate sufficient storage capacity to supply power 
during low generation periods, driving innovation in storage technologies. 
 
California’s experience highlights the importance of storage. In August 2020, a severe heatwave caused rolling 
blackouts—the first in over 20 years—affecting nearly 500,000 people. Despite significant solar investments, 
electricity demand remained high as solar generation declined in the evening, and neighboring states couldn’t 
supply power due to their own needs. Greater energy storage, such as large-scale battery systems, could have 
mitigated the crisis. 
 
Currently, California relies on lithium-ion batteries, which offer about four hours of power. While battery 
capacity has increased tenfold to 2.5 gigawatts, it remains insufficient for cities like Los Angeles, which needs 
6.5 gigawatts. Additionally, lithium-ion batteries cannot provide long-duration storage to match daytime solar 
peaks with evening demand. 
 
To fully integrate renewables, longer-duration and diverse storage solutions are essential to reduce reliance 
on single technologies. Globally, the rapid adoption of renewables underscores the need for advanced, cost-
effective, and durable storage systems capable of extended operation and quick response to demand spikes. 
The energy transition’s success hinges on the development of large-scale, efficient storage solutions. [1] 
 
 
2.2. Solid-State Battery Technology Overview 
 
Batteries comprise an anode, cathode, and electrolyte. During discharge, ions flow from the cathode to the 
anode, generating electrons to power devices; charging reverses this process. 
 
Advances in battery technology focus on materials improvements. Solid-state batteries (SSBs), which use solid 
instead of liquid electrolytes, promise faster, safer, and more efficient energy storage. Sodium-based glass 
electrolytes, for instance, offer triple the energy density of lithium-ion batteries with reduced environmental 
impact. These lightweight, eco-friendly batteries hold great potential for electric vehicles (EVs), enabling 
longer ranges and accelerating EV adoption. However, cost-effective, large-scale production remains a major 
obstacle. [2] 
 
SSB technology faces challenges, including improving ionic conductivity, stabilizing interfaces, and lowering 
materials costs. Manufacturing struggles with scaling solid electrolytes and adapting current production 
methods. Adoption is further hindered by infrastructure compatibility, high costs, regulatory barriers, and 
supply chain issues. Ensuring reliability and providing industry training are essential for widespread 
implementation. [3] 
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2.3. Lithium-Ion Battery (LIB) Technology Overview 
 
Solid-state battery technology is a breakthrough for rechargeable batteries, critical for advancing electric 
vehicles. By replacing liquid electrolytes with stable solids, these batteries enhance safety, enable faster 
charging, extend ranges up to 1,100 km, and lower costs. [4] 
 
Lithium-ion batteries, essential for electronics and EVs, face safety concerns due to volatile liquid electrolytes. 
All-solid-state lithium batteries (ASSLBs) address this but require interdisciplinary research to stabilize 
interfaces and maintain chemical balance during operation. Progress in these areas signals a promising future 
for safe, high-energy lithium batteries. [5] 
 
2.4. Bismuth-Ion Battery (BIB) Technology Overview 
 
Bismuth, a non-toxic metal, is an eco-friendly alternative to harmful metals, widely used in products like 
stomach treatments, makeup, and as a lead replacement in paint and ammunition. Known for its brittleness, 
rainbow-like crystals, and low melting point (271°F/132°C), bismuth is primarily produced by China, which 
supplies 75% of the global output. Its applications include superconductors, synthetic fuels, cancer treatment, 
and cleaner electronics. [6] 
 
Bismuth-ion batteries (BIBs) leverage bismuth’s Bi+3 state, offering eco-friendliness and strong 
electrochemical performance compared to lithium-ion and aluminium-ion technologies. While R&D has 
shown BIB stability, challenges like limited trivalent metals, electrode corrosion, low capacity, and poor cyclic 
life remain. Innovations in cathode and electrolyte materials could improve their viability for energy storage. 
Key benefits of BIB all-solid-state batteries include: 
 
 Enhanced Ionic Conductivity: Trivalent bismuth ions improve solid-polymer electrolytes, achieving about 

8 times greater ionic conductivity. 
 

 Improved Interfacial Stability: These ions strengthen interfaces between anode and solid-polymer 
electrolytes (SPE) and enhance long-term cycling stability at high voltages. 
 

 Suppression of Lithium Dendrite Growth: Trivalent bismuth ions alloy with lithium on the anode surface, 
reducing dendrite formation and increasing safety and battery longevity. 
 

 High-Voltage Cycling Capability: Batteries utilize trivalent bismuth ions to cycle stably at high voltages 
(e.g., 4.4 V) for up to 800 cycles with a capacity retention of 72.4%. 

 
Trivalent bismuth ions in polymer electrolytes improve conductivity, interfacial stability, dendrite suppression, 
and high-voltage performance, making them promising for durable, high-performance all-solid-state 
batteries. [7][8] 
 
2.5. Stability, Environmental Impact, and Development Stage of BIBs and LIBs Technologies. 
 
The graph compares Bismuth Ion Batteries (BIBs) and Lithium-Ion Batteries (LIBs) based on three criteria: 
Stability, Environmental Impact, and Development Stage. Both battery types achieve equal stability with a 
normalized score of 1.0. However, BIBs have a lower environmental impact rating (0.5) compared to LIBs 
(0.67). In terms of development stage, BIBs score 0.0, indicating they are in the early development phase, 
whereas LIBs are fully developed with a score of 1.0.  [7] [9] [10] [11] 
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Figure #1: Comparison of Bismuth Ion and Lithium-Ion Batteries in Stability, Environmental Impact, and Development Stage. [7] [9] [10] [11]  

 
 
2.6. Bismuth-Lithium’s Market Trends Comparison (6 months comparison) 
 
From April to October 2024, lithium prices fluctuated significantly, peaking at $15,000/ton in May due to EV 
demand and supply constraints, then dropping to $9,000/ton by September as supply normalized and 
alternatives emerged. A slight recovery to $10,533/ton occurred in October. 
 
Bismuth, more stable, saw steady price growth from $460/ton in April to $550/ton in July, driven by 
pharmaceutical and industrial demand. By October, prices corrected to $499/ton due to demand plateauing 
and market corrections. 
 
Lithium shows higher volatility, while bismuth remains more stable. [12] [13] 

 

Figure #2. Lithium vs Bismuth Prices (USD/ton) from April to October 2024 
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2.7.  Strategic Business Frameworks 
 
A strategic framework outlines how to create, execute, and evaluate an organization's strategy, aligning team 
activities with goals. Various planning models can help startups build frameworks, though these are just a few 
options. [14] 
 
2.7.1. The Business Model 
 
A business model outlines how a company makes money, identifying its customers, value delivery, and 
financing. The business model canvas summarizes these elements on one page. [15] 
 
2.7.1.1. The Business Model Canvas (BMC) 
 
The Business Model Canvas, by Alex Osterwalder and Yves Pigneur, is a strategic tool for visualizing and 
evaluating business ideas. It features nine boxes representing key business elements. [15] 
 

 

Figure #3.  Business Model Canvas. [16] 

 
The canvas's right side addresses external, customer-focused factors, while the left covers internal, business-
controlled factors. The centre highlights value propositions exchanged with customers. 
The business model canvas comprises nine key elements: 
 
 Customer Segments: Defines target groups based on traits like demographics or behaviors, enabling 

tailored solutions for mass, niche, or multi-sided markets. Personas guide customer focus. [6] 
 

 Customer Relationships: Outlines interaction types (e.g., personal assistance, self-service) for acquiring, 
retaining, and growing customers. [6] 
 

 Channels: Details communication and delivery methods, such as owned (websites) or partner-based 
(retail), for value proposition delivery. [6] 
 



6 

 

 Revenue Streams: Lists revenue models, including transactions, subscriptions, or advertising, for each 
customer segment. [6] 
 

 Key Activities: Covers essential actions like production, problem-solving, and platform management to 
deliver value and maintain relationships. [6] 
 

 Key Resources: Highlights necessary assets—human, financial, intellectual, or physical—to support 
operations. [6] 

 
 Key Partners: Identifies external collaborators like suppliers or alliances to aid activities and reduce risks. 

[6] 
 

 Cost Structure: Summarizes operational costs for value creation, customer relationships, and revenue 
generation, focusing on cost- or value-driven approaches. [6] 

 
The Business Model Canvas offers a comprehensive framework to assess, improve, and innovate a business 
model. It is flexible and evolves with changing market dynamics. [15] 
 
 
2.7.2. The Value Proposition 
 
The value proposition is a company's unique solution to meet customer needs, distinct from competitors' 
offerings. It can be quantitative (e.g., price, speed) or qualitative (e.g., design, experience). [17] 
 
2.7.2.1. The Value Proposition Canvas 
 
The Value Proposition Canvas, developed by Alex Osterwalder and Yves Pigneur, helps create, analyse, and 
refine value propositions by understanding customer needs and designing products to address them. [17] 
 

 

Figure #4. Value Proposition Canvas. [17]
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The Value Proposition Canvas consists of key components: 
 

 Customer Profile: Defines target customer segments based on demographics and behaviour. 
 

 Value Map: Outlines the product’s features and how it fulfils customer needs. 
 

 Customer Jobs: Identifies tasks customers want to accomplish. 
 

 Customer Pains: Highlights customer challenges and frustrations. 
 

 Customer Gains: Specifies desired benefits like emotional, functional, or financial rewards. 
 

This approach helps businesses craft a strong value proposition aligned with customer needs. [17] 
 
 
2.7.3. Strategy Development 
 
Strategic development establishes mission, vision, and values to guide an organization, identifying issues and 
creating a competitive edge through operational excellence, product leadership, or customer intimacy. [18] 
 

 Mission: Defines the organization's current purpose and targets, focusing on meeting customer needs. 
 

 Vision: Describes the future state the organization aims to achieve. 
 

 Values: Core principles guiding behaviour and decision-making. 
 

 Purpose: Explains the deeper meaning behind the organization's existence beyond profits. 
 

 Strategy: Outlines the approach to achieving long-term goals by leveraging strengths. 
 

 Culture: Combines values, purpose, and strategy, shaping how work is done and fostering goal alignment. 
 
These elements collectively guide organizational strategy and planning. [18] 
 
 
2.7.4. Future Visioning & Scenario Planning 
 

Visioning and scenario planning work together in strategic planning. Start by defining a challenge, then 
refine a shared vision. Use trend analysis to create scenarios, assess risks and opportunities, and 
prioritize strategies aligned with the vision and challenge. [19] 
 

 Visioning: Imagining a desired future to align goals and actions using methods like brainstorming or 
storytelling. 
 

 Scenario Planning: Preparing for opportunities and challenges by analyzing plausible future scenarios 
through tools like matrices or trend analysis. [19] 
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2.7.5. The Death Valley Curve 

The Death Valley curve describes a startup's phase of operations without revenue, depleting initial equity 
capital. It's named for the shape of the startup's cash flow burn on a graph. [80] 

 

 
Figure #5. The Death Valley Curve for Entrepreneurs. [81] 

 

 
 
2.7.6. Return of Investment (ROI) 

Return on investment (ROI) measures how much money has been made or lost on an investment after 
accounting for its cost. It's typically calculated annually for easier comparison but can also be calculated over 

other periods depending on the context. [82] 

 

 

Figure #6. ROI Formula. [82]
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3. THE BUSINESS CASE 
 
This business case explores Binergy’s challenges and opportunities in the space economy and global solid-
state battery market. It outlines the energy demands of the space sector, examines battery fundamentals, 
identifies challenges, and proposes solutions within a strategic framework for market success. 

  
Figure #7. Business Case Framework for Solid-State Batteries. 

 
 
 
Binergy is driven to develop Bismuth-ion Batteries (BIBs) to diversify beyond lithium-ion technology. BIBs use 
bismuth's stable Bi³⁺ state, offering environmental and technical advantages over other trivalent metal ion 
batteries like aluminium-ion. 
 

Table #1. Key technical and environmental benefits of using bismuth ions in battery technology. [7] [8]
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Bismuth-ion Batteries (BIBs) offer improved conductivity, stability, and safety, despite challenges like limited 
metal options and corrosion. Binergy will also face business hurdles, including competition, regulatory 
compliance, funding, and partnerships. 
 
3.1. The Problem Statement 
 
The shift to renewable energy faces intermittency challenges, and current lithium-ion batteries have 
limitations in energy density, safety, and long-duration storage. [1] 
 
Solid-State Batteries (SSBs) offer better energy density and safety but face scalability and cost issues. 
Multivalent batteries like aluminum-ion and bismuth-ion show promise but struggle with corrosion and cycle 
life. [7][8][20]. Startups must overcome technical, financial, and regulatory hurdles to ensure a stable 
renewable energy future and prevent inefficiency and grid instability. 
 

 

Figure #8. Comparison between technologies, all of them facing a myriad of different challenges. [7] 

 
3.2. Battery Market Overview 
 
The global battery market is growing rapidly, driven by demand in EVs, renewable energy, and space 
exploration. This growth presents key opportunities for Binergy’s Bismuth-ion Battery (BIB) technology. 
[21][22][23] 
 

 

Figure #9. Battery Market Overview. [21] [22] [23] 
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Binergy can capitalize on growth in automotive, industrial, and space sectors by leveraging its Bismuth-ion 
Battery (BIB) technology to innovate energy storage and gain a competitive edge. 
 

 
Table #2. Battery Market Summary. [21] [22] [23] 

 
 
 
 

3.2.1. Space Solid-State Battery & Non-Space Solid-State Battery Market Estimation 
 
The battery market is evolving with solid-state batteries offering safer, higher-capacity, and longer-lasting 
solutions for sectors like space exploration, EVs, and industrial storage. 
 
Analysing trends estimates growth in the "Space Solid-State Battery Market" and "Non-Space Solid-State 
Battery Market," highlighting unique opportunities in each. Appendix #1 (page 35) details the growth 
estimation tools. The global market growth was charted to show contributions from each sector. 
 
 

 

Figure #10. Global Solid-State Battery Market Trend (Estimation). [21] [22] [23] [24] 
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Figure #9 shows contrasting growth patterns between the Non-Space (Downstream) and Space (Upstream) 
Solid-State Battery Markets, with the Space market's contribution being minimal. [21][22][23] 
 
Entrepreneurs should engage in both sectors, particularly the broader Non-Space Applications segment, to 
avoid limiting communication within the space community. [26] 
 
 

Table #3. Global Solid-State Battery Market Takeaways. [21] [22] [23] 

 
The comparison between these two markets provides insights into potential startup opportunities: 
 
•      Non-Space Solid-State Battery Market: With a larger size and higher projected 2031 value, this market 
offers immediate opportunities, broader applications, and a larger customer base, ideal for startups aiming 
for quick entry and scaling. 
 
•      Space Solid-State Battery Market: Though smaller, its higher growth rate suggests emerging 
opportunities in space exploration, satellite technology, and aerospace. This niche market may offer high 
growth potential and specialization opportunities for startups. 
 
 
3.3. Challenges Faced by Startups & Suggested Solutions 
 
Startups in the solid-state battery market face challenges in technology, commercialization, finance, IP, 
regulation, workforce, and ESG. Overcoming these is crucial for adopting solid-state batteries in energy 
storage, ensuring a stable renewable energy future and preventing inefficiencies. [1][32][65] 

 
 

3.3.1. Technical Issues: 
 
This section provides an in-depth look at key technical aspects of solid-state battery (SSB) development, 
covering R&D, integration, and manufacturing challenges. 
 
The Appendix #2 (page 37) summarizes the key challenges and solutions relevant to scaling up solid-state 
battery technology for commercial use.  
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Technical challenges can be addressed by improving materials, ensuring stability, and optimizing scalable 
production. Design improvements enhance energy efficiency, durability, and thermal management. 
Integration requires standardization, regulatory alignment, diverse sourcing, and real-world testing. [32][33] 
 
3.3.2. Commercialization Hurdles 
 
The Appendix #3 (page 38) highlights key challenges in the solid-state battery industry, including cost, cell 
architecture, supply chain, and collaboration. Solutions include greener production, process optimization, 
supply diversification, and partnerships for innovation. To stay competitive, solid-state batteries need efficient 
manufacturing, material innovations, and scaling. Strategies include supply chain investments, partnerships, 
and R&D for cell architecture. [34][35][36][37][38].  
 
 
3.3.3. Financial Obstacles: 
 
The solid-state battery industry faces three main challenges: Scale-Up and Technical Validation, Capital 
Barriers, and Market Entry Risks. Solutions include strategic partnerships, R&D, venture funding, and 
government support. See Appendix #4 (page 39) for details on financial challenges and solutions. [39][40][41] 
 
To tackle high production costs, the industry is improving efficiency and leveraging partnerships, government 
grants, and collaborations. R&D and process optimization will enhance commercial viability and scalability. 
[39][40][41] 
 
 
3.3.4. Intellectual Property Concerns 
 
The solid-state battery industry faces eight key IP challenges: Patent Uncertainty, International Protection 
Complexities, Trade Secret Protection, Patent Litigation, Patent Clusters, Infringement Risks, Licensing 
Issues, and Confidentiality. Solutions include diversifying patent portfolios, consulting legal experts, ensuring 
confidentiality, and conducting patent searches. Strategies also involve licensing, mitigating infringement 
risks, and navigating patent clusters through collaboration and legal counsel. See Appendix #5 (page 40) for 
additional information. 
 
To mitigate patent risks, companies should conduct patent searches, seek legal advice, and develop tailored 
strategies. Navigating patent thickets requires collaboration and expertise. Strengthening portfolios, 
leveraging trade secrets, and forming partnerships are key. Non-disclosure agreements and access controls 
protect information. Effective licensing, risk management, and PCT use are crucial. Competitiveness relies on 
diversified portfolios, collaborations, and R&D investment. [42] [43] [44] 
 
 
3.3.5. Market Barriers 
 
Appendix #6 (page 41) outlines five key market challenges in the solid-state battery industry, along with 
explanations and proposed solutions. To address these, prioritizing R&D is crucial for improving performance 
and reducing costs, aiding the shift from lead-acid batteries. Collaboration with space agencies and private 
companies is vital for developing advanced space batteries. Investment in R&D will address cost and scaling 
issues, particularly for electric vehicles and renewable energy. Targeting non-space markets offers immediate 
opportunities, while specialized energy storage solutions can drive growth in the space market. These 
strategies help navigate challenges and seize opportunities. [20] [21] [22] 
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3.3.6. Regulatory Requirements 
 
Appendix #7 (page 42) addresses key regulatory, safety, and environmental challenges with suggested 
solutions to improve compliance and sustainability in the solid-state battery industry. 
 
To address regulatory gaps, companies can implement internal guidelines (e.g., Toyota's ATSG) and align 
with global initiatives like the Paris Agreement. Environmental assessments, ISO certifications, renewable 
energy adoption, and compliance with standards (e.g., TCFD, GRI) ensure proper disposal and recycling. 
Establishing safety standards and governance mitigates explosion and fire risks. Adopting common 
standards and promoting sustainability aids in navigating regulations and accessing international markets. 
[45] [46] [47] [48] [49] 
 
3.3.7. Safety Considerations 
 
Solid-state batteries (SSBs) offer key advantages over liquid electrolyte lithium-ion batteries (LE-LIBs) in terms 
of lifespan, safety, and environmental impact. With non-flammable solid electrolytes, SSBs reduce risks like 
fires, explosions, and thermal runaway while also improving performance and safety. Appendix #8 (page 43) 
summarizes safety challenges and proposed solutions. 
 
Solid-state batteries (SSBs) outperform lithium-ion batteries (LE-LIBs) by improving safety, performance, and 
environmental impact. They eliminate flammable liquid electrolytes, reducing fire risks, and use lithium metal 
anodes to enhance energy density and reduce dendrite formation. With a longer lifespan and fewer volatile 
components, SSBs are a safer, greener alternative to LE-LIBs. [50] 
 
3.3.8. Sustainability Factors 
 
Appendix #9 (page 44) highlights the need for adopting sustainable practices, advancing technologies like 
solid-state batteries, and complying with global environmental, social, and governance (ESG) standards to 
reduce environmental impact and ensure ethical operations. 
 
Industries face pressure to reduce environmental impact and meet sustainability standards. Businesses 
should prioritize ESG reporting, invest in sustainable R&D (e.g., solid-state batteries), adopt renewable energy, 
and ensure ethical supply chains. Strong cybersecurity and transparent ESG practices are key for compliance, 
risk management, and stakeholder trust. [52] ~ [57] 
 
3.3.9. Workforce-Related Matters 
 
Key challenges and proposed solutions to workforce issues in the battery industry are outlined in the Appendix 
#10 (page 45), based on the initiatives and objectives of the Battery Workforce Initiative (BWI). [61] [62] 

 
The Battery Workforce Initiative (BWI) tackles workforce challenges with standardized training guidelines and 
a work-based learning model combining on-the-job training and classroom instruction. Collaboration 
between industry, education, and government is essential. Pilot programs will expand opportunities, focusing 
on diversity, fair wages, and job security. Data-driven approaches will ensure training meets industry needs, 
building a skilled, competitive battery manufacturing workforce. [61] [62] 
 
3.3.10. Cost Implications 
 
The solid-state battery industry faces significant costs: R&D for materials and scaling ($10-$50 million 
annually), sustainability efforts ($1-$5 million), regulatory compliance ($500,000-$2 million), and production 
($400,000-$800,000 per MWh). Commercialization requires $5-$15 million, market entry costs $3-$10 
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million, and managing IP and safety compliance adds $100,000-$500,000 each. Workforce training costs $1-
$5 million annually. Appendix #11 (page 46) highlights the cost landscape of solid-state battery development. 
To manage costs, organizations should adopt strategic partnerships, efficient funding, and lifecycle cost 
analysis.  
 
Collaborative R&D, government grants, optimized production, and targeted marketing reduce costs and 
support market entry. Effective patent management and workforce development ensure sustainable growth. 
[63] ~ [79]. Appendix #12 (page 47) summarizes development costs, scalability-driven price reductions, long-
term projections, manufacturer expectations, and factors affecting consumer prices. 
 
 
3.4. Strategic Frameworks for Binergy Startup: Building a Sustainable Path to Success 
 
Binergy uses six strategic frameworks to launch its renewable energy startup: "The Business Model" defines 
operations, "Value Proposition" highlights its unique offering, "Strategy Development" focuses on sustainable 
growth, and "Future Visioning & Scenario Planning" ensures adaptability. Addressing the "Death Valley Curve" 
manages early-stage cash flow, while prioritizing "ROI" ensures resource efficiency and long-term profitability. 
[14] [15] [16] [17] [18] [19] 
 
These frameworks align Binergy's activities with its strategic goals, positioning the startup for success. 
 
3.4.1. Binergy’s Business Model: 
 
This framework defines how Binergy creates, delivers, and captures value, focusing on revenue generation, 
target customers, and operational needs. It ensures feasibility, market fit, and competitive advantage in the 
energy sector. [14] 
 
 
3.4.1.1. Binergy’s Business Model Canvas (BMC): 
 
Strategic management tool that provides a holistic view of how a business operates and creates value. It 
serves several important purposes such as clarity and communication, strategy development & business 
planning.[15]. The Binergy's BMC can be seen in Appendix #13 (page 49). 
 
 
3.4.2. Binergy’s Value Proposition: 
 
The value proposition highlights the unique benefits Binergy offers, ensuring it stands out in a competitive 
market by meeting customer needs and solving problems better than competitors. [15] 
 
 
3.4.2.1. Binergy’s Value Proposition Canvas (VPC): 
 
It is an essential tool for businesses to understand and communicate the value they offer to their customers. 
It provides customer-centric approach, clear communication and alignment with customer segments. [13] 
 
Three VPCs have been developed, according to Upstream (Space Agencies, Satellite Manufacturers & Space 
Launchers) and Downstream (EV Manufacturers & Renewable Energy Companies) customers, which are 
shown in Appendix #14 (page 50), Binergy's VPCs for Upstream and Downstream Customers. 
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3.4.3. Binergy’s Strategy Development: 
 
Strategy development helps Bynergy identify its long-term goals and map out how to achieve them. This 
framework is crucial for ensuring that all efforts are aligned with the company's objectives. It provides a clear 
direction on growth, market entry, innovation, and competition, ensuring that Bynergy makes informed, 
strategic decisions. [16]. Appendix #15 (page 51), shows the main elements for Binergy's Strategy 
Development, Mission, Vision, Values, Purpose, Strategy and Culture. 
 
Strategy development guides Bynergy's long-term goals and ensures efforts align with objectives. It focuses 
on growth, market entry, innovation, and competition for informed decisions. See Appendix #18 for key 
elements: Mission, Vision, Values, Purpose, Strategy, and Culture. [16] 
 
 
3.4.4. Binergy’s Future Visioning and Scenario Planning: 
 
Startups like Bynergy face uncertainty and rapid change, particularly in the energy industry. Future visioning 
and scenario planning enable the startup to anticipate various future possibilities and prepare for them. This 
framework allows Bynergy to adapt its strategies as market conditions, technology, and regulations evolve, 
ensuring long-term resilience and success. [18]. Appendix #16 (page 54), shows an exercise of Visioning & 
Scenario Planning for the startup Binergy, based on the challenges already known.  
 
 
3.4.5. Binergy’s Death Valley Curve 
 
It illustrates the period when the startup has begun operations but has not yet generated revenue. During 
this time, the initial equity capital provided by shareholders is depleted. [80] 

 
Detailed analysis of the Binergy’s Death Valley Curve will be provided in chapter 5, Post-Project Phase, 
together with the Return of Investment (ROI). 
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4. THE PROJECT MANAGEMENT PLAN 
 
A Project Management Plan is a comprehensive document that outlines how a project will be executed, 
monitored, controlled, and closed. [83] A good project management plan must consider the following 
domains: 
 
 

 

Figure #11. Project Domains. [83] 

 
4.1.  Project Baseline 
 
A project baseline is a fixed reference point in project management used to measure and compare actual 
progress against the original project plan. It serves as a benchmark for assessing performance, helping project 
managers identify deviations and ensure the project remains within predefined constraints. [84] 
 
Components of a Project Baseline: 
 
• Scope Baseline: Defined project objectives and deliverables. 

 
• Schedule Baseline: Timeline for project deliverables and milestones. 
 
• Cost Baseline: Budgetary limits including resource costs and expenses. 
 
Setting a Project Baseline: 

 
• Define Project Scope: Create a scope statement detailing objectives and deliverables. 

 
• Develop Project Schedule: Use tools like Gantt charts to outline tasks, deadlines, and resource allocation. 

 
• Estimate Costs: Calculate the project budget, considering all expenses and linking it to the project 

schedule.  
 
• Seek Stakeholder Approval: Present the baseline plan to stakeholders for feedback and necessary 

adjustments prior to project initiation. [84]
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Figure #12. Binergy’s Baseline - Cost Variance Analysis for Bi-Ion Solid-State Battery Production Line 

 
This figure represents the cost progression over a 41-month schedule for the development of a fully functional 
Bi-Ion Solid-State Battery Production Line. Key observations include: 

 

 Exponential Cost Growth: Costs rise steeply near the project's end, likely due to intensified resource use, 
investments, or unforeseen challenges. This may reflect delays, testing complexities, or unexpected 
issues, highlighting the need for early contingency planning and careful financial monitoring.  

 

 Total Project Cost: The final recorded cost is USD 13,297,689.44, emphasizing the substantial investment 
required for such advanced technological development. 

 

 Schedule and Scope: The project is planned for a duration of 41 months, with a focus on delivering a 
cutting-edge production line for Bi-Ion solid-state batteries, likely due to the high demands of innovation 
and implementation. 

 
 
4.1.1. Project Scope 
 
The project scope is the total amount of work that needs to be done to complete a project. Binergy’s Project 
is “Predictive” which means that its Life Cycle follows a structured, planned approach where the scope, time, 
and cost are defined at the beginning and change very little as the project progresses. In a predictive life cycle, 
also known as a "waterfall" or "plan-driven" approach, each phase (like planning, design, execution, 
monitoring, and closure) is typically completed in sequence. [85]. See Appendix #17 (page 55) for additional 
information.
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4.1.2. Project Schedule 
 
A project schedule outlines tasks, resources, deadlines, and milestones to ensure timely completion. Used 
with a work breakdown structure (WBS), it distributes work among team members and requires regular 
updates for status tracking. Gantt charts [86] have been used to detail tasks, deadlines, and resource 
allocation. [86]. See Appendix #18 (page 56). 
 
 
4.1.3. Project Costs 
 
Cost management is the process of planning and managing the budget of a business or project. In the case 
of a project, it helps the project manager estimate what the project will cost and set controls to reduce the 
chances of the project going over budget. [87]. See Appendix #19 (page 57), which shows a summary of 
Binergy’s Project Costs Management Components & Breakdown. Appendix #20 (page 58), shows a list of all 
possible sources that Binergy could leverage for its project activities. 
 
 
4.1.3.1. Earned Value Management (EVM) Key Metrics 
 
Analysing schedule and cost separately do not provide a clear indication of the project’s desired trajectory. 
If we only look at the schedule, it is possible that delays may be the only apparent issue. A project that is 
late is an issue, but if the project is underbudget, this schedule delay in context could be considered less 
significant. [88] 
 
EVM is a method that allows us to make this connection between a project’s schedule and cost as well as to 
know if the project is on the right path or not. [88] 
 
Appendix #21 (page 59) summarizes the EVM Technique, Fundamentals and Equations, essential for 
implementing Earned Value Management. 
 
 
4.2.  Risk Management 
 
Risk analysis and risk management is a process that allows individual risk events and overall risk to be 
understood and managed proactively, optimising success by minimising threats and maximising 
opportunities and outcomes. [89]. See Binergy’s Risk Management Plan in Appendix #22 (page 60) 
 
4.3.  Resource Management 
 
Resource management is a series of processes and techniques used to ensure availability of all the necessary 
resources to complete a project or meet business objectives. It also focuses on making the most efficient use 
of those resources by eliminating waste for more profits and a high return on investment (ROI). [90]. In 
Appendix #25 (page x), can be seen information regarding to Binergy’s Project Organization, Materials & 
Equipment. 
 
4.4.  Communication Management 
 
Project communication management is a crucial aspect of project management as it ensures all stakeholders 
are kept informed about the project’s progress, issues, and changes, thereby facilitating effective decision 
making and collaboration. [91]. Appendix #23 (page 61) shows the Binergy’s Project Communication Matrix. 
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4.5.  Stakeholders Management 
 
A stakeholder is any individual or organization involved in a project or affected by its execution or completion. 
This includes project sponsors, team members, end-users, and others critical to the project’s success. Effective 
stakeholder management involves identifying these parties and building strong relationships, as their support 
or opposition can greatly influence project outcomes.[92].  Appendix #24 (page 62), shows Binergy’s Project 
Stakeholders Matrix. 
 
 
4.6.  Procurement Management 
 
Procurement is the act of obtaining goods, supplies, and/or services. Therefore, project procurement is 
obtaining all of the materials and services required for the project. Project procurement management 
encompasses the processes used for making sure project procurement is successful. [93] 

 

 Make or Buy Analysis: It compares the cost-effectiveness of two options for acquiring the Solid-State Cell 
Production Plant Line Making Machine: on-site assembly versus purchasing a pre-assembled unit. 
Although assembling the machine was cheaper, the project team opted for the pre-assembled option. 

 

 Supplier’s Selection Criteria: It provides a concise overview of the critical factors considered when 
selecting a supplier for materials and equipment, such as the Solid Battery Machine. Each criterion is 
matched with an evaluation result, highlighting the strengths and capabilities of potential suppliers. 

 
Appendix 25 (page 63) provides a concise overview of the critical factors considered when selecting a supplier 
for the Solid Battery Machine. Each criterion is matched with an evaluation result, highlighting the strengths 
and capabilities of the potential supplier. 
 
 
4.7.  Quality Management 
 
Quality Management is the process of continually measuring the quality of all activities and taking corrective 
action until the team achieves the desired quality [94].  
 
 
4.7.1. Quality Assurance (QA): 
 
QA ensures that all quality-related activities are performed as defined, providing stakeholders with evidence 
of compliance. It focuses on meeting quality expectations for products and processes through metrics and 
audits, assessing customer satisfaction, and identifying corrective actions to achieve project goals. [94] 
 
 
4.7.2. Quality Control (QC): 
 
QC involves techniques to ensure quality standards by identifying and correcting issues after they arise. It 
measures project outputs for compliance, identifies risks, and helps maintain budget and schedule through 
monitoring and adjustments, preventing major rework. [94] 
 
Appendix #26 (page 64) shows the QA and QC actions across different phases of the project. These actions 
help to ensure that all activities align with Binergy Startup’s quality objectives. 
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4.8. Integration Management 
 
Project integration management is the coordination of all elements of a project. This includes coordinating 
tasks, resources, stakeholders, and any other project elements, in addition to managing conflicts between 
different aspects of a project, making trade-offs between competing requests, and evaluating resources. 
[96] 
 

 Key Focus Areas: Schedule, Cost, Scope, Quality, Resources, Risk, Changes, Stakeholders. 
 

 Seven Key Processes: Develop Project Charter, Develop Project Management Plan, Direct and Manage 
Project Work, Manage Project Knowledge, Monitor and Control Project Work, Perform Integrated 
Change Control, Close Project/Phase 

 
 
Effective integration management avoids project failure by tracking interdependencies and ensuring aligned 
progress across areas. Integration is ongoing throughout the project lifecycle. [96] 
 
4.9. Project Progress 
 
The term project progress refers to the totality of events, decisions, and developments that take place during 
the implementation of a project. The various phases, milestones, tasks, and results are recorded and 
documented. A well-structured project progress allows for the monitoring of the project's progress, early 
detection of risks, and making adjustments as needed. [96].   
 
Binergy’s project has a “Predictive” approach which was already outlined in the “Scope Management”. See 
Appendix #27 (page 65) showing the Project Tracking, Control Procedures and Documents.  

 
 

4.10. Project Closure 
 
The final phase when deliverables are tested against KPIs and the scope, loose ends are tied up, lessons are 
learned, the handover is complete, and a project is signed off on. [97] 
 

 

Figure #13. Celebration
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5. THE POST-PROJECT PHASE 
 
The "Post-Project Phase" analysis for Binergy focuses on operational costs, sales strategies, cash flow 
challenges, and the financial trajectory needed to achieve profitability in the solid-state battery (SSB) 
market. 
 
 
5.1.  Operational Cost Estimations 
 
Binergy projects annual operational costs at $54.35 million, covering technical, sustainability, regulatory, 
commercialization, market entry, IP, safety, and workforce-related expenses. These are midpoint estimates 
from table #26 and serve as a baseline to ensure operational readiness across various cost categories. 
 

Table #4. Midpoints Costs Summary (USD/year) 

 
 
See Appendix #28 (page 66), for a better understanding of regular Operational Costs. 
 
Operational costs are estimated, assuming Binergy completes each project stage efficiently. The estimate 
considers personnel, methods, regulations, funding, materials, infrastructure, and partnerships. High 
technical costs dominate, reflecting project complexity, while commercialization and market entry highlight 
significant upfront investments for SSB market penetration. 
 
 
5.2.  Sales Strategy 
 
Binergy aims to become a key player in the solid-state battery (SSB) market by initially focusing on 
downstream non-space applications, such as electric vehicles (EVs), consumer electronics, and other 
commercial uses, which make up the majority of the market. The company’s approach leverages specific 
strategies to address commercialization, safety, market entry, regulatory compliance, IP protection, workforce 
development, technical advancements, sustainability, and bismuth’s cost competitiveness over lithium. 
 
As a mere estimation, Binergy's sales goal is expected to reach the following market share milestones: 
 
• By the end of 2028: 0.50 % of the market size achieved = USD 36.70 million  
 
• By the end of 2029: 1.0 % of the market size achieved = USD 98.50 million 

 
• By the end of 2030: 1.5 % of the market size achieved = USD 198.45 million
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Figure #14. Global Solid-State Battery Market Growth. 

 
Calculation Example: By the end of 2028: 0.5% of the market size achieved = (7.33 billion x 0.5)/100 = 0.03665 
billion = USD 36.70 million in accumulated sales. 
 
Binergy’s phased approach in setting specific market share goals aligns with gradual scaling, positioning the 
company for sustainable growth. Achieving these milestones is essential for Binergy's roadmap to profitability. 

 
 

5.3.  Binergy’s Death Valley Curve & ROI Analysis 
 
The "Death Valley Baseline" shows Binergy's starting point to track progress. Its sales strategy targets 0.5% of 
the global solid-state battery market by 2028, 1% by 2029, and 1.5% by 2030, outlining a strong ROI trajectory. 
However, like many startups, Binergy must first overcome the "Death Valley" phase, where early costs exceed 
profits. 
 

 

Figure #15. Binergy’s Death Valley Curve



24 

 

5.3.1. Key Phases of the Curve: 
 

 Cost Accumulation (Descent into the Valley): Binergy faces high costs with no revenue, focusing on 
R&D, IP management, manufacturing trials, and market prep. It must manage burn rate, strategically 
allocate resources, and develop an MVP to test market fit. 
 

 Survival Phase (Depth of the Valley): From 2028 to mid-2030, Binergy’s cash reserves are low with 
negative ROI. It must secure additional funding, demonstrate progress through milestones, and 
survive until breakeven. 
 

 Break-Even Phase (Climbing Out of the Valley): By mid-2030, revenues equal costs and ROI improves. 
Binergy focuses on optimizing operations, reducing costs, and scaling market presence. 
 

 Growth and Profitability (Out of the Valley): From 2032 onward, ROI increases (0.67 in 2032, 1.35 in 
2033, 2.64 in 2035), signalling profitability. Binergy scales operations, expands market share, and 
invests in R&D, sustainability, and education for long-term impact. 
 

 Investor Considerations: 
o Short-Term Risks: Negative ROI until 2030 may deter short-term investors. 
o Long-Term Appeal: Post-2032 ROI growth and market expansion are attractive. 
o Resilience and Vision: Strategic reinvestment ensures profitability and alignment with global 

priorities. 
 

See Appendix #29. (page 67), outlining the relationship between Binergy’s Death Valey Curve, Costs, Sales 
and Net Profits and ROI. 
 
 
5.4.  Investment Summary 
 
Total investment is 67.65 million USD, split between project and post-project phases (2024-2028). This 
funding is critical for sustaining operations through the Death Valley period. 

 
Table #5. Global SSB Market Share Goals 

 

5.5.  Cost Summary 
 
Costs accumulate to 176.35 million USD by 2030, peaking in 2029 to support scaling. Effective cost 
management here is essential for the project’s transition to profitability. 
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Table #6. Cost Summary 

 

 
5.6.  Net Profit & ROI 
 
The forecast for the investment from 2030 to 2035 shows its value rising from $22.1M to $250M, while the 
cost remains constant at $67.65M. Net profit increases from -$0.67M to $2.7M, and ROI steadily improves, 
turning positive in 2031 and reaching 2.70 by 2035, signalling strong returns after the "Death Valley" period. 

 
Table #7. Net Profit & ROI 

 
 

Binergy’s post-project plan reflects a well-thought-out approach to establishing itself in the competitive SSB 
market. Key factors, such as initial heavy investment, the “Death Valley” cash flow challenge, and long-term 
ROI projections, show the potential for high returns if milestones are met. The outlined cost structure and 
sales targets underscore the importance of disciplined financial management, efficient operations, and 
effective market penetration. 
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6. DISCUSSIONS 
 
 
6.1. Technical and Financial Challenges in Scaling Bismuth-Ion Technology 
 
Scaling BIBs faces challenges in materials complexity, stability, and high initial costs, affecting early 
profitability. Continuous R&D and partnerships are essential to reduce production costs and enhance 
scalability. 
 
 
6.2. Importance of the Non-Space Market for Early Revenue 
 
Non-space markets like EVs and consumer electronics are critical for early revenues due to their size and 
accessibility. Diversifying applications accelerates commercialization and positions Binergy for future entry 
into the space sector. 
 
 
6.3. Navigating ‘Death Valley’ and Financial Management 
 
The "Death Valley" phase underscores the need for strong financial management. Securing funding, careful 
budgeting, and phased growth plans are vital for Binergy to sustain operations and achieve profitability by 
2029. 
 
 
6.4. ESG and Regulatory Alignment for Market Positioning 
 
Aligning with ESG standards enhances Binergy’s market position and readiness for stricter regulations, 
appealing to environmentally conscious investors and facilitating smoother market entry. 
 
 
6.5. Technological Advances and Industry Risks 
 
Emerging technologies like advanced lithium-ion and hydrogen fuel cells pose risks to BIBs. Binergy must stay 
agile, innovate, and adapt to maintain competitiveness through continuous monitoring and collaboration. 
 
 
6.6. Ecosystem Collaboration for Innovation and Growth 
 
Partnerships across space and renewable industries can drive innovation, share costs, and validate products, 
fostering knowledge exchange and strengthening Binergy’s position in key markets. 
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7. RECOMMENDATIONS 
 
 
7.1.  Strengthen Strategic Partnerships 

 
To mitigate the technical and commercialization hurdles, Binergy should continue forming alliances with 
research institutions, government entities, and industry leaders in the space and renewable energy sectors. 
These collaborations can drive innovation, enable technology sharing, and help secure grants or other funding 
support. 
 
 
7.2.  Focus on Workforce Development 
 
Given the specialized skills required in the SSB market, Binergy should invest in workforce development 
initiatives. Establishing partnerships with educational institutions to create training programs would address 
industry skill gaps, support technology adoption, and build a resilient, skilled workforce. 
 

 
7.3.  Enhance Market Entry Strategies for Non-Space Applications 
 
Targeting downstream non-space applications, such as EVs and consumer electronics, can provide Binergy 
with immediate revenue streams. This will enable faster market entry and diversification, reducing the 
company’s reliance solely on the space economy's nascent SSB demand. 
 
 
7.4.  Refine ESG and Regulatory Compliance Strategies 
 
With growing environmental, social, and governance (ESG) expectations, Binergy should continue focusing on 
sustainability initiatives that align with international standards. This includes adopting circular economy 
practices, implementing rigorous ESG reporting, and strengthening recycling initiatives to minimize 
environmental impact. 
 
 
7.5.  Optimize Financial Management for ‘Death Valley’ Period 
 
To ensure survival through the critical cash-flow challenges during initial operations, Binergy should 
implement a detailed cash management plan and consider diversified funding sources. A phased market entry 
with measurable milestones and scenario-based financial planning can support stable growth and reduce risk. 
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8. CONCLUSIONS 
 

 Current lithium-ion batteries face limitations such as low energy density and high production costs. 

 Global renewable energy systems suffer from grid instability, risking blackouts, as renewable sources are 

intermittent. 

 Binergy faces key challenges in technology, commercialization, finance, and safety. These can be 

addressed through investment, a strong market strategy, key partnerships, and ESG compliance. 

 Binergy’s Solid BIBs leverage non-toxic materials, superior cycling capabilities, and enhanced safety 

standards to address these challenges. 

 These batteries aim to serve high-demand applications like electric vehicles (EVs) and renewable energy 

systems, with a target to capture 1.5% of the global market by 2030, equivalent to achieving $22.10 

Million in revenues. 

 The global solid-state battery market is projected to grow from $1.25 billion in 2022 to $13.23 billion by 

2030 (CAGR of 34.30%), underscoring the urgency for innovative solutions. 

 The non-space solid-state battery market (the dominant segment) will expand from $1.2 billion in 2022 

to $13 billion by 2030. 

 The space segment, smaller but critical for innovation, is set to grow at a steady CAGR of 21.02% during 

the same period. 

 This booming market offers Binergy a dual advantage: niche innovation and mainstream scalability. 

 A total project budget of $13.30 million (2024–2027) ensures milestones like manufacturing trials and 

commercialization. 

 Full-scale production by 2028 will require $54.35 million, totalling a funding need of $67.65 million. 

 Phased development from Preliminary R&D ($189,044) to Manufacturing Trials ($6.25 million) ensures a 

strategic, efficient path to market readiness. 

 Binergy’s Death Valley phase will require resilience through 2028–2030, with breakeven achieved by mid-

2030. 

 ROI then accelerates, reaching 0.67 by 2032, 1.35 by 2033, and 2.64 by 2035, making it a compelling long-

term investment. 

 Binergy is not just another startup, it is a catalyst for the sustainable energy revolution. For investors, it 

represents a rare blend of groundbreaking innovation, long-term profitability, and meaningful impact. 

 As the world embraces renewable energy, Binergy is poised to lead with innovative solutions. With a $13 

billion non-space market by 2030 and a 1.5% market share goal, the potential is clear. Together, we can 

turn challenges into opportunities and create a sustainable, profitable future. 
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Appendix #1. Estimation of the Growth for Space and Non-Space Solid Battery Markets. 

The size estimation of The Space Solid-State Battery Market (Upstream) has been carried out through 
Proportions, considering the known sizes of The Global Battery Market, The Global Space Battery Market, and 

The Global Solid-State Battery Market. 

 

 

Figure# 14. Calculations for the Space SSB Market. [21] [22] [23] [24] 

 

Proportion delineates a mathematical relationship between two quantities. In its essence, if two sets of 
numbers exhibit parallel increases or decreases, they are deemed directly proportional. [24] 

 

Figure# 15. Calculations for the Space SSB Market. [21] [22] [23] [24] 
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The size estimation of The Non-Space Solid-State Battery (Downstream) was estimated by subtracting the 
values known from The Global Solid-State Battery Market and The Space Solid-State Battery (Upstream). 

While this principle may not precisely mirror the dynamics of the markets under examination, it serves as a 

plausible assumption for the progression of this study. 

Following, all additional values were calculated and market data was summarized in the following table: 

 

Table #14. Compilation of SSB Market data according to its classification. [21] [22] [23] [24]

 

Finally, the Global Solid-State Battery Market Growth was systematically charted to illustrate the contributions 
of each market under examination. 

 

Figure# 16. Global Solid-State Battery Market Trend (Estimation). [21] [22] [23] [24] 

The figure# 11 depicts the contrasting growth patterns between the Non-Space Solid-State Battery Market 
(Downstream) and the Space Solid-State Battery Market (Upstream). Notably, the contribution of the Space 
Solid-State Battery Market is deemed insignificant. [21] [22] [23] 
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Appendix # 2. Technical Challenges and Solutions for SSB manufacturing. [32] [33] 
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Appendix #3. The commercialization challenges and proposed solutions for SSB technology. [34] [35] [36] 
[37] [38]
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Appendix #4. The financial challenges and proposed solutions for SSB technology. [39] [40] [41] 
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Appendix #5. IP-related challenges and solutions in the SSB sector. [42] [43] [44] 
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Appendix #6. Challenges related to SSB Market growth and competition. [20] [21] [22]
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Appendix #7. Challenges and solutions for SSB industry regarding to regulation and safety concerns.[45] 
[46] [47] [48] [49] 
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Appendix #8. Safety challenges of traditional liquid electrolyte lithium-ion batteries (LE-LIBs) and how 
solid-state batteries (SSBs) address these challenges. [50] [51] 
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Appendix #9. Information related to the sustainability challenges and their solutions. [52] ~ [57] 
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Appendix #10. Key challenges and proposed solutions to workforce issues in the battery industry. [61] [62] 
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Appendix #11. Cost Landscape of Solid-State Battery Development. [63] ~ [79]
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Appendix #12. Cost Analysis and Future Projections for Solid-State Battery Manufacturing 

The following table provides an overview of the costs associated with solid-state battery development, 
highlighting key factors such as initial production costs, potential price reductions through scaling, long-term 
projections, manufacturer expectations, and market comparisons with lithium-ion batteries. It also covers the 
factors influencing final consumer prices. [63] ~ [79] 

Table #15. Overview of the costs associated with solid-state battery development. [63] ~ [79] 

 

To effectively manage the costs of solid-state battery development, organizations should take a holistic 
approach that integrates partnerships, funding strategies, and process improvements. 

Collaborating on research initiatives and leveraging government grants can reduce technical and sustainability 
costs. 

Streamlining regulatory compliance through internal policies and expert consultants, along with optimizing 
production processes and sourcing materials, will help lower manufacturing expenses. 

Strategic partnerships and targeted marketing can support market entry, while early prototype development 
allows for valuable feedback from OEMs. 

Managing intellectual property and investing in workforce development through educational collaborations 

will ensure a skilled workforce, creating a framework for long-term success in this competitive field. 

Cost Comparison between LiBs and SSBs  
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This graph compares the costs of Li-ion batteries (LIB) and solid-state batteries (SSB) in terms of $/kWh. 

 

Figure #27. Li-ion batteries (LIB) and solid-state batteries (SSB) comparison in terms of $/kWh 

 

 Cost Comparison: Solid-state batteries (SSB) are trending towards lower costs compared to traditional Li-

ion batteries (LIB), with future projections suggesting competitiveness. 

 Configuration Impact: Battery configurations significantly affect costs; for instance, Schnell's LIB is costlier 

than Schmuch's LIB with an LMR-NMC anode. 

 Future Projections: Nissan's projections indicate that solid-state battery costs could drop to around 
$60/kWh, enhancing their market competitiveness. 

While solid-state batteries are promising for long-term cost reductions, some configurations, particularly 
those with excess lithium, may currently be more expensive. Future projections, especially from Nissan, show 

a trend towards lower costs, making solid-state batteries a viable alternative in the coming years. [80] 
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Appendix #13. Binergy's VPCs for Upstream and Downstream Customers 

It is an essential tool for businesses to understand and communicate the value they offer to their customers. 
It provides customer-centric approach, clear communication and alignment with customer segments. [13] 

Three VPCs have been developed, according to Upstream (Space Agencies, Satellite Manufacturers & Space 
Launchers) and Downstream (EV Manufacturers & Renewable Energy Companies) customers, which are 
shown as follows: 

 

Figure #29. The “Value Proposition Canvas” from Binergy Startup to Upstream Customer.  

 

Figure #30. The “Value Proposition Canvas” from Binergy Startup to Downstream Customer (EV Manufacturer).  
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Figure #31. The “Value Proposition Canvas” from Binergy Startup to Downstream Customer (Renewable Energy Companies).  
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Appendix #14. Elements for Strategic Development 

 

Table #16. Strategy Development Elements. Mission, Vision, Values. [16]
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Appendix #15. Exercise of Future Visioning & Scenario Planning 
 

Combine visioning and scenario planning iteratively for large group strategic planning. Start with a specific 
future challenge. Facilitate a visioning session to gather ideas and refine the main themes. Develop and 
compare scenarios based on key factors and uncertainties, exploring implications and opportunities. Prioritize 
actions to achieve the vision and navigate scenarios. Review outcomes to ensure alignment with the vision 
and initial challenge. [18] 

Following is an exercise of Visioning & Scenario Planning for the startup Binergy, based on the challenges 
already known. 

Step 1: Define Critical Uncertainties through visioning session: 

 

Figure #32. Critical Uncertainties listed after visioning session applying brainstorming. 
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Step 2: Eliminate Duplicates and/or Cluster-like factors: through brainstorming and make changes as 
required: 

 

Figure #33. Critical Uncertainties changes after Cluster-like factors elimination through brainstorming activities. 

 

Step 3: Build -Up Impact-Importance Diagram and Set Scenarios: 

 

Figure #34. Scenarios Definition: “Green Horizons” 
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Scenarios definition allow stakeholders to prioritize efforts based on the combined impact and importance of 
each uncertainty. The uncertainties with high impact and importance require immediate attention and 
resources, while those with high impact but low importance may need to be addressed in the long term or 
with fewer resources. 

 

Step 4: Looking for “robust” strategies: 

A “robust” strategy is defined as one that aligns with multiple explored scenarios. Seven strategies meeting 
this criterion have been unanimously agreed upon, as follows: 

 Cross-sector Collaboration: Establish partnerships and collaborations with other organizations, academia, 
and governmental bodies to leverage resources, share knowledge, and navigate uncertainties together. 
This strategy can help in addressing challenges related to materials innovation, technology integration, 
regulatory compliance, and financial strategy. 

 

 Continuous Innovation: Foster a culture of innovation within the organization to continually develop and 
adapt technologies, processes, and products/services to meet evolving market demands and regulatory 
requirements. This strategy is relevant across scenarios as it supports sustainability, scalability, and 
compliance efforts. 

 

 Supply Chain Transparency: Implement robust supply chain management practices to ensure sustainable 
sourcing, ethical manufacturing, and compliance with regulations. Transparency in the supply chain helps 
mitigate risks associated with materials sourcing, production optimization, and regulatory compliance. 

 

 Diversification: Diversify product/service offerings, markets, and revenue streams to spread risks and 
capitalize on emerging opportunities. This strategy can help mitigate uncertainties related to market 
entry, regulatory changes, and financial fluctuations. 

 

 Data-driven Decision-making: Invest in data analytics and decision support systems to gather insights, 
monitor performance, and adapt strategies in real-time. Data-driven decision-making enhances agility 
and resilience across all scenarios by enabling proactive risk management and strategic planning. 

 

 Stakeholder Engagement: Engage with stakeholders including customers, investors, regulators, and 
communities to understand their needs, expectations, and concerns. Building strong relationships with 
stakeholders fosters trust, enhances reputation, and facilitates smoother navigation of uncertainties. 

 

 Compliance Management: Develop robust compliance management systems to ensure adherence to 
legal, regulatory, and financial requirements. This includes staying updated on changing regulations, 
conducting regular audits, and implementing internal controls to mitigate compliance risks. 

By adopting these robust strategies, organizations can better navigate the uncertainties presented in the 
Green Horizons, TechForge, and Regulatory Nexus scenarios while positioning themselves for sustainable 
growth and success. 
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See Appendix #16. Binergy’s Project Scope Summary 
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Appendix #17. Binergy’s Gantt Chart & Costs Summary 
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Appendix #18. Summary of Binergy’s Project Costs Management Components & Breakdown   
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Appendix #19. Sources of Funds 

Type of investment Description Key points 

Venture Capital (VC) 
Funding 

Venture capital involves investment from private firms or funds in 
exchange for equity in a startup. In the space industry, VC funding is 
often sought by early-stage companies with promising technologies or 
innovative solutions. 

VC investors provide not just capital but often bring 
industry expertise and mentorship. 

Startups typically go through multiple funding rounds as 
they progress from seed to series A, B, and beyond. 

Angel Investors 

Angel investors are individuals who invest their personal funds in 
startups, usually during the early stages of development. Angels play a 
crucial role in providing initial capital and mentorship to space 
entrepreneurs. 

Angel investors may be more flexible than traditional 
venture capital and can act quickly on investment 
decisions. 

They often contribute industry experience and personal 
networks to support startups. 

Government Grants and 
Contracts 

Governments worldwide offer grants and contracts to stimulate space 
innovation and development. Organizations like NASA provide funding 
for research, development, and specific projects that align with space 
exploration goals. 

Grants may be competitive and often require alignment 
with government space initiatives. 

Government contracts involve startups providing specific 
products or services to governmental space agencies. 

Corporate Partnerships 
Collaborating with established aerospace or technology companies 
through partnerships is a strategic way for startups to access resources, 
funding, and market opportunities. 

Corporate partnerships can provide funding, access to 
established networks, and opportunities for joint 
development. 

Partnerships may involve collaboration on research 
projects, technology transfer, or joint ventures. 

Space Accelerators and 
Incubators 

Space-focused accelerators and incubators provide startups with funding, 
mentorship, and resources to accelerate their growth. They often run 
structured programs with demo days for startups to showcase their 
progress. 

Accelerators offer a supportive environment for startups, 
fostering innovation and collaboration. 

Access to mentorship, industry connections, and potential 
follow-on funding are common benefits. 

Space Competitions and 
Prizes 

Competitions, like the past Google Lunar XPRIZE or the SpaceX Hyperloop 
Pod Competition, offer cash prizes for achieving specific space-related 
goals. These competitions attract innovative teams from around the 
world. 

Prizes serve as incentives for breakthroughs in space 
technology. 

Competitions often garner significant media attention, 
raising the profile of participating startups. 

Space-specific Funding 
Platforms 

Platforms like Space Angels connect investors with space startups 
seeking funding. These platforms specialize in the space sector, providing 
a targeted approach for both investors and startups. 

Space-specific platforms understand the unique 
challenges and opportunities within the space industry. 

They often offer a network of space-focused investors and 
industry experts. 

International Funding 
Opportunities 

Collaborating with international space agencies, organizations, or 
investors provides startups with access to a global ecosystem. This may 
involve participating in international programs, joint ventures, or 
securing funding from entities outside the startup's home country. 

Global collaboration can bring diverse perspectives, 
resources, and market access. 

Startups should be aware of regulatory and cultural 
differences when seeking international funding. 

Strategic Alliances with 
Research Institutions 

Forming strategic alliances with research institutions or universities can 
lead to collaborative projects and funding opportunities. Research 
partnerships often involve joint projects and knowledge exchange. 

Alliances can provide access to cutting-edge research, 
facilities, and expertise. 

Funding may come in the form of grants, joint research 
initiatives, or technology transfer agreements. 

Debt financing  
Debt financing involves taking on debt, typically in the form of loans or 
bonds, to fund business operations, investments, or other financial 
needs. 

The borrower can make productive use of the assets in 
their business. 

Different types of assets can be used as collateral e.g. 
equipment, robotics, automation, intellectual property or 
future revenue streams. 

Unlike equity financing, debt financing does not dilute 
ownership or control of the company, allowing 
shareholders to retain full ownership of the business. 
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Appendix #20. EVM Technique, Fundamentals and Equations. 

• Planned Value (PV): Budget for scheduled work. 

• Earned Value (EV): Value of work performed. 

• Actual Cost (AC): Cost incurred for the work performed. 

 

Figure #20. Earned Value Analysis 

 

Schedule Variance (SV):  SV = EV – PV   Cost Variance (CV): CV = EV – AC 

If SV > 0: Project is ahead of schedule.    If CV > 0: Project is under budget. 

If SV = 0: Project is on schedule.     If CV = 0: Project is on budget. 

If SV < 0: Project is behind schedule.   If CV < 0: Project is over budget. 

 

Schedule Performance Index (SPI): SPI = EV / PV  Cost Performance Index (CPI): CPI = EV / AC 

If SPI > 1.00: Project is ahead of schedule.  If CPI > 1.00: Project is under budget. 

• If SPI = 1.00: Project is on schedule.   If CPI = 1.00: Project is on budget. 

• If SPI < 1.00: Project is behind schedule.   If CPI < 1.00: Project is over budget. 
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Appendix #21. Binergy’s Risk Management Plan Summary. 

Overview of Risk Management:

 

Risk Assessment Approach:

 

Key Risk Categories & Examples:
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Appendix #22. Binergy’s Project Organization, Materials & Equipment 

Binergy’s Project Organization:

 

 

 Binergy’s Project Materials & Equipment:
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Appendix #23 Binergy’s Project Communication Matrix 
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See Appendix #24. Binergy’s Project Stakeholders Matrix. 
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Appendix #25. Binergy’s Procurement Strategies. 

Binergy’s Procurement Process Summary 

 

Make or Buy Analysis 

 

Supplier’s Selection Criteria for the Solid Battery Machine 
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Appendix #26. QA and QC actions across different phases of the project.  
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Appendix #27. Project Tracking, Control Procedures & Documents. 

Control Procedures: 

 

 

Control Documents: 
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Appendix #28. Costs Estimation per category in an Annual Basis 
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Appendix #29. Death Valey Curve & Financials  

 


