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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.



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]



2.3.Lithium-lon 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-lon 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 lonic Conductivity: Trivalent bismuth ions improve solid-polymer electrolytes, achieving about
8 times greater ionic conductivity.

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

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

e 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 lon Batteries (BIBs) and Lithium-lon 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 lon and Lithium-lon 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]

Lithium vs Bismuth Prices (USD/ton) from April to October 2024
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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]

The Business Model Canvas

Key Partnerships C:) Key Activities é} Value Propositions léﬁl Customer Retationships () | Customer Segments @
~
Key Resources E ° Channels gg]

Cost Structure % Revenue Streams é

Trematas et e ot G st s | @ D@ IR c781:|-ateg\/zer

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:

e 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]

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

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



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

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

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

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

(6]

e 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]

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

e Customer Profile: Defines target customer segments based on demographics and behaviour.
e Value Map: Outlines the product’s features and how it fulfils customer needs.

e Customer Jobs: Identifies tasks customers want to accomplish.

e Customer Pains: Highlights customer challenges and frustrations.

e 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]

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

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

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

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

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

e  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]

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

e Scenario Planning: Preparing for opportunities and challenges by analyzing plausible future scenarios
through tools like matrices or trend analysis. [19]



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]
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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]

Current Value of Investment — Cost of Investment

ROI =

Cost of Investment

Figure #6. ROI Formula. [82]



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.

The Problem Statement

Global Solid State Battery Market

Conclusions +—

—— Strategic Business Framework

Challenges & Solutions

| I

Discussions

t

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 Bi®** 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]

Feature Description

Environmental and |Bismuth is a stable, non-toxic element that offers an environmentally
Safety Benefits friendly alternative to hazardous battery materials. [7]

i Trivalent bismuth ions in solid-polymer electrolytes improve ionic
Enhanced lonic

o conductivity by up to eight times, leading to more efficient energy
Conductivity

storage and faster charge/discharge cycles. [8]

Trivalent bismuth ions reinforce both anode/SPE and cathode/SPE

Improved
P interfaces, improving long-term cycling stability, especially at high

Interfacial Stability
voltages.

. Bismuth ions alloy with lithium on the anode surface, suppressing
Dendrite

. lithium dendrite growth, reducing the risk of short-circuiting, and
Suppression

enhancing battery safety and lifespan. [8]

i BIBs maintain stable performance at high voltages (up to 4.4 V) with
High-Voltage

X - 72.4% capacity retention after 800 cycles, ideal for high energy density
Cycling Capability

and long cycle life applications. [8]




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]1[8][20]. Startups must overcome technical, financial, and regulatory hurdles to ensure a stable
renewable energy future and prevent inefficiency and grid instability.

Li1+ Li1+ Bia*
‘ Lithium-ion Batteries | | | ’

‘ Modest energy density (=250 Wh/Kg) ‘ Higher energy density (> 400 Wh/Kg) ‘ Wh,

’ Electronics, electric vehicles, grid storage | |

T

4
AL

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]

Valued at
Global Space Battery Market USD 3.88
Market Size in USD Billion For od  2023-2030 billion in
2023, witha
Valued at USD 104.3 billion in 2022, with a CAGR: 6.48% il eYear) USD 3.88 Billion projected
projected CAGR of 161% from 2024 to CAGR of
2030. UsD6.03 USD 6.03 Billion 6.48% from
USD 3.88 2023 to
- — A = o
2023 2030
Global Solid State Battery Market Valued at
usD1.25
Market Size in USD Bilion USD 13.23 2023 -2030 billion in
4 2022, with a
CAGR:34.30% il eYear) usD 1.25 Billion projected
CAGR of
USD 13.23 8illion 34.30%
USD 1.25 from 2023
 — i p— t02030.

2022 2030

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]
Market ,M- rket Size | St Key Drivers Opportunity for Binergy
- Focus on next-generation solid-
- Aut ti batteri f EV
USD 344.3 A om(? M .enes or. = state batteries for Evs
Global USD 104.2 - - Industrial batteries for grid e . .
Battery billion billion storage - Potential in industrial batteries for
AGR of < i i 1 hnol
Market (2020) GAcRiofde:d% | Portable batteries for grid s.tora_ge using 818 tec. NelosY:
(2024-2030) K offering high energy density and
consumer electronics >
long cycle life
- BIB technol ff high-volt
Global =Spaceexploration stabilii;: E:c:m oegzitc;/ Zrnsd slife:yo(eage
i USD 3.88 USD 6.03 _ satellite constellations e S & e -8-
Ba‘:te billion billion by 2030 |- Lunar missions; need for high i Sanie opp cE Sl e
4 (2022) CAGR of 6.48% |energy density, durability, and 8 R PP B g
Market 2 collaboration with space agencies or
longevity i
aerospace companies
- Binergy’s Bismuth-ion batteries
(BIBs) can lead in the growing solid-
Global Solid- USD 1.25 USD 13.23 - Demand for sa_fer, efficient state b_attt_ery markel:', !:)roYldlng )
State T o energy storage in EVs, better ionic conductivity, interfacial
billion billion by 2030 N ey e |
Battery (2022) CAGR of 34.39% | consumer electronics, and stability, and safety over lithium-ion
Market = industrial sectors batteries, benefiting EV and
industrial energy storage
applications
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.

Market Size (USS Billion)

Global Solid-State Battery Market Growth

Global Space
Solid-State
Battery Market

14.00 Growth Trend
5 1323, /ZARG (%) = 21.02
Global Solid-State
Battery Market
12.00 Growth Trend / o
CARG (%) = 34.30 /
10.00 \ 285/
z
.00 \ - / 0.19
H \\ /
\ \
6.00 o1e
4. 07 Global Non-Space
4.00 ol Solid-State
3.03 / Battery Market
2. 25 Growth Trend
200 |1. 25 -6 CARG (%) = 34.69
0400 005
2022 2023 2024 2025 2026 2027 2028 2029 2030

Forecast Year

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]

Current Projected
Market Key Dri Oj rtunity for Binergy
L Market Size Growth S el PROFtanity Jor Bine
- Binergy’s Bismuth-ion batteries
Global Solid- - Demand for safer, efficient {BIBs) cont learkinithe growin_g solid:
UsSD 1.25 USD 13.23 i state battery market, providing
State = _ energy storage in EVs, TR g % )
oo billion billion by 2030 consimencle e orieenand better ionic conductivity, interfacial
24 (2022) CAGR of 34.3% | % ' stability, and safety over lithium-ion
Market industrial sectors i =
batteries, benefiting EV and
industrial energy storage
-F - ti lid-
Global Solid- USD 13.00 |- Automotive batteries for EVs stat”sact’:e':;’:fi‘:r;? ionselid
State Non- USD 1.20 billion - Industrial batteries for grid T S -
o - Potential in industrial batteries for
Space billion (2020)CAGR of |storage SRS B SeRa RIS
Battery (2020) 16.1% (2024- |- Portable batteries for iffer'n h‘g h ene? dEnisle angy’
Market 2030) consumer electronics ng Ig, gy Y
long cycle life
Global Solid] - Space exploration bl T e (o
ctate Sooce | USD0.05 USD0.23 |- Satellite constellations dendritye’ . e res;’i’on) YASEe
Battep billion billion by 2030 |- Lunar missions; need for high | IS Opp A SN
b (2022) CAGR of 6.48% |energy density, durability, and & . PP i g
Market 3 collaboration with space agencies or
longevity <
aerospace companies

The comparison between these two markets provides insights into potential startup opportunities:

e 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, I1SO 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 (BWI1) 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 (510-S50 million
annually), sustainability efforts (51-$5 million), regulatory compliance ($500,000-S2 million), and production
(5400,000-S800,000 per MWh). Commercialization requires $5-515 million, market entry costs $3-510
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million, and managing IP and safety compliance adds $100,000-$500,000 each. Workforce training costs $1-
S5 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):

Itis 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:

Schedule Management

Cost Management
Scope Management H

I PROJECT BASELINE

Project Closure «——— —— Risk Management

Project Progress Resource Management

Communication

Integration — I

Management Management
Quality ‘ Stakeholders Management
Management l

Procurement Management

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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Cost Variance Analysis
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Figure #12. Binergy’s Baseline - Cost Variance Analysis for Bi-lon Solid-State Battery Production Line

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

e 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.

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

e 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-lon 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 managementis 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]

o 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.

e 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.

20



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]

e Key Focus Areas: Schedule, Cost, Scope, Quality, Resources, Risk, Changes, Stakeholders.
e 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 KPls 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)

Cost Category Cost (USD/Year)
Technical Costs 530 million
Sustainability Costs 53 miillion
Regulatory Costs $1.25 million
Commercialization Costs $S10 million
Market Entry Costs 56.5 million

Intellectual Property (IP) Costs $300,000

Safety Costs $S200,000
Workforce-Related Costs $S3 million
Total Overall Costs Per Year $54.35 miillion

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 ROl trajectory.
However, like many startups, Binergy must first overcome the "Death Valley" phase, where early costs exceed
profits.
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Figure #15. Binergy’s Death Valley Curve
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5.3.1.
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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 ROl improves.
Binergy focuses on optimizing operations, reducing costs, and scaling market presence.

Growth and Profitability (Out of the Valley): From 2032 onward, ROl 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:

Short-Term Risks: Negative ROI until 2030 may deter short-term investors.

Long-Term Appeal: Post-2032 ROl growth and market expansion are attractive.

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

Item Description 2024 - 2027 2028 2029 2030

Project Phase

1 ) 13.30 N/A N/A N/A
(USD)
Post-Project Phase

2 N/A 54.35 N/A N/A
(USD)

3 Total Investment 67,65
(USD)

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

Item Description 2024 - 2027 2028 2029 2030

Project Phase

1 13.30
(USD)
Post-Project Phase

2 54.35 54.35 54.35
(USD)
Accum Costs

3 13.30 67.65 122.00 176.35
(USD)

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

Current
Cost of
Year Value of ROI
Investment
Investment
2030 22.1 67.65 -0.67
2031 67.60 67.65 0.00
2032 113.20 67.65 0.67
2033 158.80 67.65 1.35
2034 204.40 67.65 2.02
2035 250.00 67.65 2.70

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.

25



6. DISCUSSIONS

6.1. Technical and Financial Challenges in Scaling Bismuth-lon 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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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 (56.25 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.

Estimation of the Growth for Global Space Solid-State Battery Market (Upwards):

Global Battery Market 2022 (US Billion)

Global Space
Solid- Stat
Global e
Solid-State
A s | Battery

Battery
l Market

Market

Global Space
Battery Market

A =104.30 USS billion (Global Battery Market Size)

B=1.25 US$ billion (Global Solid-State Battery Market Size)
C=3.88 USS billion (Global Space Battery Market Size)

D =? US$ billion (Global Space Solid-State Battery Market Size)

D = (3.88 USS billion x1.25
USS billion)/ 104.30 US$

e 1. Forecast 2022
billion = D = 0.05 USS billion ‘\

Mathematical Proportions
Relation between A, B, C and D:
A/B=C/D~D=(CxB)/A

Finally, D can be calculated.

Global Space Solid- State
Battery Market Size Estimation

Global Battery Market 2030 (US Billion)

Global
Solid-State

Battery

i Market -

Global Space
Solid- State
Battery
Market

Global Space
Battery Market

A= 344.30 USS billion (Global Battery Market Size)

B=13.23 USS billion (Global Solid-State Battery Market Size)
C=6.03 USS billion (Global Space Battery Market Size)

D =? US$ billion (Global Space Solid-State Battery Market Size)

D = (6.03 USS billion x13.23
USS billion)/ 344.30 USS

Forecast 2030 B Wi
/ billion = D = 0.23 USS billion

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]

Estimation of the Growth for Global Non-Space Solid-State Battery Market (Downwards):

Global Battery Market 2022 (US Billion)

Global Space
Global Solid- State
Solid-State Battery
Market

Global Non-Space Global Space
Solid- State Battery Market L
Battery Market
(Blue Area)

A =104.30 USS billion (Global Battery Market Size)

B=1.25 USS billion (Global Solid-State Battery Market Size)
C=3.88 USS billion (Global Space Battery Market Size)

D=0.05 US$ billion (Global Space Solid-State Battery Market Size)
E = 2 USS billion (Global Non-Space Solid-State Battery Market)

~(3.88 USS billion x1.25
USS billion)/ 104.30 USS

o e n Forecast 2022
billion - D = 0.05 USS billion ‘\

Mathematical Calculations
Relation between A, B, C and D:
B=E+D >E=B-D
Finally, E can be calculated.

mﬂou\

239—5 ’ e N

il 48

N
Global Non-Space Solid- State
Battery Market Size Estimation

Global Battery Market 2030 (US Billion)

Global Space
Solid- State
Battery
Market

Global
Solid-State

Global Space <

Global Non-Space Battery Market

Solid- State
Battery Market
(Blue Area)

B o S : '6"/0 ‘
.|||I|||"lll' @
YA & y’ billion = D = 0.23 US$ billion

A=344.30 USS billion (Global Battery Market Size)

B=13.23 USS billion (Global Solid-State Battery Market Size)
€=6.03 USS billion (Global Space Battery Market Size)

D=0.23 USS billion (Global Space Solid-State Battery Market Size)
E=? USS billion (Global Non-Space Solid-State Battery Market)

D = (6.03 USS billion x 13.23
USS billion)/ 344.30 USS

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]

Size Forecast (USS Billion)

FeyWn
D Market CAGR (%) = [(_') ] x100
F° 2022 2023 2024 2025 2026 2027 2028 2029 2030

A Global Battery Market 16.10 104.30 121.09 140.59 163.22 189.50 | 220.01 255.43 296.56 344.30

Global Solid-State Battery
B Market 34.30 1.25 1.68 2.25 3.03 4.07 5.46 7.33 9.85 13.23

C Global Space Battery Market 6.48 3.64 3.88 4.13 4.39 4.68 4.98 5.31 5.65 6.03

Global Space Solid-State
D 21.02 0.05 0.06 0.07 0.09 0.11 0.13 0.16 0.19 0.23
Battery Market

lobal Non- Solid-Stat
g ||Gickslton-SheceSafidiSete 34.69 g 1.62 2.18 2.93 3.95 5.32 7.17 9.65 13.00
Battery Market

/

Not at scale

1.20
- ¢
. — y
Finally, the Global Solid-State Battery Market Growth was systematically charted to illustrate the contributions
of each market under examination.

. Global Space
Global Solid-State Battery Market Growth solldiState
Battery Market
14.00 / Growth Trend
1323 i
Global Solid-State Vs CARG (X)=21.02

Battery Market
Growth Trend / o
CARG (%) = 34.30 /

10.00 \

12.00

/ - 019
8.00 \ 733 /
ol

\ 7 016
6.00 5.45 >

Global Non-Space
Solid-State
Battery Market
Growth Trend
CARG (%) = 34.69

407

33 _—§

4.00

Market Size (USS Billion)
///

225

(=}
o

2. 1.25

ﬂL‘ 0.06
0.00 = 00s

2022 2023 2024 2025 2026 2027 2028 2029 2030
Forecast Year

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]

ltem | Challenges Issue Ezplanation ‘Solution
Scaling from lab tests to mass production | Factorial Energy is investing $50 million in a
is difficult due to the high cost and limited | Massachusetts facility with a 200 Mwh
Scalability availability of materials like solid assembly line, providing the infrastructure
electrolytes. High-temperature processing | for high-volume production, lowering costs
adds complexity and cost to production. | and enhancing viability.
1 Manufacturing
Solid electrolytes must be compatible with | Factorial co-located its new plant near its
Material both the anode and cathode. Incompatibility | R&D Facility, enabling close collaboration
Compatibilit can lead to mechanical stresses, layer between research and production teams to
P y separation, or cracking, compromising quickly resolve material compatibility issues
safety and performance. through rapid iteration.
e :
Unlike lthium-ion batteries, solid-state | 2cronal's FEST (Factorial Electrolyte
3 ; System Technology) is compatible with
: batteries lack a large-scale manufacturing it ;
Lack of Established |. i o existing lithium-ion battery manufacturing
infrastructure, Retrofitting or building new . . 323
Economy of Scale A 2 : equipment, reducing transition costs by
production lines is expensive and time- .
2 allowing automakers to adopt SSE
CONSUMIng.
technology.
2 Integration
s : rial’s large-scale pl Id ser
Transitioning to solid-state technology Fasionas ge-somee A could <o kg
: o : 3 S amaodel for scaling solid-state production,
High Transition  [requires new infrastructure, which is costly 2 ; A
: driving the shift to more efficient
Costs for the Industry| and complex. The lack of standardized ; A
: technologies and lowering costs for the
production models adds to the challenge, i
entire industry.
: o Specialized manufacturing techniques are
. Strong adhesion and stability at the P g eamne
Adhesion and ; i needed to enhance compatibility and
o electrolyte-electrode interfaces are critical : Z >
Interface Stability R s o adhesion at these interfaces, ensuring
P geity. stable and high-performing batteries.
Proper thermal management is necessary | Innovative engineering solutions and
3 RO Thermal to prevent overheating and safety risks, as | advanced materials are required to integrate
Management erothermic reactions between battery effective thermal management systems
components can lead to thermal runaway. | that mitigate safety risks.
Achieving high energy densities in solid- Continued R&D is crucial for developing
ErntonDanai state batteries requires the use of lithium | solid electrolytes with high ionic
9 Y | metal anodes, which face challengesin conductivity to enable effective use of
integration. lithium metal anodes.
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Appendix #3. The commercialization challenges and proposed solutions for SSB technoloqy. [34] [35] [36]

[37] [38]

Item Challenge Issue Explanation ‘Solution
Greenhouse gas emissions from Implement greener production methods
: production processes, along with the and align with environmental standards.
Environmental N ; et
environmental effects of material Recycling initiatives can also reduce the
Impact : : : A
extraction, create compliance and need for raw material extraction and lower
sustainability challenges. the environrmental footprint.
2 3 : Ongoing R&D investments to drive
Continuous investments in new : ; X
; : 3 innovations and process improvements.
Technological technologies are required to stay .
it : Industry partherships can share the
Upgrades cormpetitive, which adds to costs and J
: burden of investrent and accelerate
complexity. ;
technological progress.
Yolatility in raw raterial prices [e.g., Diversify suppliers and invest in
. lithium, cobalt) disrupts cost alternative materials. Recycling initiatives
Market Fluctuations 3 s ;
) predictability and affects production can also reduce dependency on
Cost High budgets. fluctuating raw material markets.
1 Competiti | Production &
veness | Raw Material ] ]
[34] Costs Advanced synthesis methods, such as | Optimize manufacturing processes
.. [high-temperature solid electrolyte through streamlining and automation to
Process Complexity 2 ; :
production, add complexity and costto  |reduce material waste, energy
rnanufacturing processes. consumption, and overall complexity.
Srmall-scale production struadles to Scale up manufacturing facilities to
Production Capacity 7 proci: ogles achieve higher volurnes and drive down
(G achieve cost efficiency due to limited : ;
Lirnits : per-unit costs through economies of
economies of scale.
scale.
Solid-state battery production is energy- | Invest in energy-efficient technologies
High Energy intensive, particularly for high- and process optimizations to lower
Consumption ternperature processes like furnace energy consumption and reduce the
heating, adding to operational costs. carbon footprint of production.
Poor electrolyte-electrode interface Advancerments in material science,
2 Cell Architecture Technical adhesion, material expansion, and slow  |including better electrolytes and simpler
Challenges [35] Challenges charging rates create hurdles for designs [e.q.. CIP), are needed to
cornmercialization. overcome these technical barriers.
y 2 Direct investrents in mining and
Key raw materials are concentrated in a 0 O L
Resource 4 2 5 recycling initiatives to secure raw
. few countries, creating supply risks and 5 VAT 3
Concentration : 2 rnaterials. Yertical integration can also
price volatility. 2 3
reduce reliance on external suppliers.
Dependence on countries like China for | Support policies like the US Inflation
rnaterial processing and battery Reduction Act and EU Critical Raw
3 Supply Chain Geopolitical Risks  |production creates supply chain Materials &ct to encourage dormestic
vulnerabilities, especially for US and EU | production and reduce reliance on
autornakers. foreign sources.
E xpanding mining operations to meet Develop recycling technologies and
: raw material demand leads to resistance |support initiatives to reduce the need for
Environmental 3 2 : %
C due to environmental impacts, raw material extraction. Promote
oncerns : ; : s :
displacement, and unsafe working sustainable mining practices through
conditions. policy and corporate responsibility.
Coordinating research and developrnent Formalize partnershi B2 t.h rough M.DUS 2
5 ensure clear R&D objectives. Continuous
g efforts between cormnpanies can be 5
R&D Alignment gzt : ; % collaboration between R&D teams can
difficult, particularly with rapid S
3 5 help align goals and accelerate
advancements in battery technologies. :
advancernents in battery technology.
Merging technological capabilities across Leverargf eaFc h cor_'n;l::ar;y 2 ol
. Technological companies requires close collaboration strengths=—Etaclonalis baltery technology
4 Industry Collaboration : ; SRS and LG Chem’s material expertise, for
Integration and effective cornmunication to overcorne | | devel
integration challenges example—to acce grate eveloprnent
’ through focused joint efforts.
Solid-state battery companies must Foster long-term partnerships, such as
b5 navigate a competitive market while through technology licensing and
Competitive R . S =
maintaining strategic partnerships and  |material supply agreements, to stay
Landscape RS : g i 2 ;
balancing innovation with competitive while sharing resources and
cornmercialization. knowledge to accelerate innovation.
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Appendix #4. The financial challenges and proposed solutions for SSB technology. [39] [40] [41]

Scale-Up and
1 Technical Validation
Challenges

Uncertainty for Scale-Up and OEM Approval

Strategic partnerships with OEMs, targeted
investments in scaling up production
capabilities.

Technical Challenges

Ongoing R&D efforts to address technical
issues like dendrite formation and interface
stability.

Capital and Financing

Capital Intensive

Collaborating with automotive partners,
seeking venture capital funding, and strategic
investments.

2 Barriers
Difficult Financing Environment Partnerships with e.stabllshed companies to
share costs; accessing government grants.
Meticulous financial planning, leveraging
Market Entry Costs government support, and adopting lean
principles.
4 Market Entry and
Competitive Risks

Market Devaluation

Strategic focus on premium markets, scaling
R&D to lower costs over time.
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Appendix #5. IP-related challenges and solutions in the SSB sector. [42] [43] [44]

Evolving Patent Landscape

The patent landscape for solid-state battery
technology is rapidly changing, creating

Diversify patent portfolios, collaborate with
established entities, and invest in ongoing

Complexities

Uncertain uncertainty for companies entering the
i Y B R R&D to stay competitive.
market.
Salid-tif hattery fechnology fece= romples Engage legal experts and utilize mechanisms
International Patent Protection |international patent protection challenges due| ~ gage leg P :
2 like the Patent Cooperation Treaty (PCT) to

to varying legal frameworks across
jurisdictions.

simplify and strengthen global IP protections.

3 Trade Secret Protection

Ensuring confidentiality of proprietary
technology is critical, requiring strong trade
secret protection to prevent unauthorized
access or theft.

Implement robust non-disclosure agreements
(NDAs), strict access controls, and regular
security updates to protect sensitive
information.

4 Patent Litigation

Patent disputes can arise from infringement
claims, leading to costly legal battles for all
involved parties.

Focus on risk management, seek settlements
or licensing agreements where possible, and
adhere to legal frameworks to resolve
disputes.

5 Patent Infringement Risks

Companies face risks of infringing on existing
patents due to the dense patent landscape in
the solid-state battery sector.

Conduct comprehensive patent searches,
consult with legal experts, and develop
tailored patent strategies to avoid
infringement risks.

6 Patent Thickets

Dense clusters of patents within the solid-
state battery space create navigation
challenges for innovators.

Conduct thorough patent searches, collaborate
with others, and seek legal counsel to navigate
patent thickets effectively.

7 Limited Patent Protection

Limited patent protection can leave
companies vulnerable to competition and
enforcement challenges in the solid-state
battery market.

Strengthen patent portfolios, use trade secrets
strategically, and forge partnerships to
mitigate the risks of limited patent protection.

Patent Licensing and
Collaboration Hurdles

Negotiating patent licensing and
collaborations in solid-state battery
technology can be complex and costly.

Form strategic partnerships, understand IP
landscape thoroughly, and develop clear
licensing agreements to enable smoother
collaboration.
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Growth Rate Variation

The Space Solid-State Battery Market exhibits
a higher compound annual growth rate
(CAGR) than the non-space market, though the
non-space market is expected to achieve a
higher overall value by 2031.

Align strategies to cater to both high-growth
sectors like space and high-value sectors like
non-space to optimize market penetration.

Specialization and
Diversification Needs

Emerging opportunities in sectors such as
smart devices, wearables, medical devices,
aerospace, and defense require companies to
specialize and diversify their product
offerings.

Companies should focus on R&D to develop
sector-specific battery solutions while
exploring new markets and applications.

Competition from Established
Technologies

Solid-state batteries face strong competition
from established technologies, like lithium-
ion batteries, which are preferred due to their
higher energy density and lighter weight.

Invest in R&D to enhance solid-state battery
performance and emphasize the advantages
of safety, longevity, and environmental
benefits.

Cost Constraints and Scale-Up
Challenges

Solid-state battery production faces cost-
related and scale-up challenges, particularly
in light of the high demand from electric
vehicle (EV) and renewable energy markets.

Focus on reducing production costs, scaling
up efficiently, and fostering collaborations to
overcome cost and scale-up barriers.

Market Size Disparity

The Non-Space Solid-State Battery Market is
|arger than the Space Solid-State Battery
Market, indicating different opportunities
and challenges between the two.

Tailor marketing and product development
strategies to address the specific needs and
growth potential of each segment.
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Appendix #7. Challenges and solutions for SSB industry reqgarding to requlation and safety concerns.[45]

[46] [47] [48] [49]

1 [(International Harmonization

The existence of diverse regulatory
frameworks globally hinders market access
and innovation for companies in the solid-
state battery sector.

Organizations can adopt common standards,
promote sustainable practices, and establish
robust governance structures to facilitate
navigation through international regulatory
harmonization challenges.

2 |Safety Standards and Protocols

The risk of explosions and fires associated
with solid-state batteries necessitates
stringent safety standards and protocals.

Companies should adopt comprehensive
security guidelines, implement anonymous
reporting mechanisms, and strengthen
governance structures to ensure safety and
mitigate risks effectively.

3 |Lack of Specific Regulations

The industry faces significant regulatory gaps,
creating uncertainty in compliance with
standards and guidelines for solid-state
battery technologies.

Companies can adopt internal guidelines such
as Toyota's ATSG and align with global
initiatives like the Paris Agreement to ensure
compliance, foster innovation, and maintain
transparency despite gaps.

Environmental Impact
Assessment

Strong regulatory frameworks are needed to
assess the environmental impact of solid-state
batteries, particularly in terms of disposal and
recycling processes.

Organizations can implement environmental
assessments, adopt 150 certifications, use
renewable energy, establish robust
governance, and align with international
standards like TCFD (Task Force on Climate-
Related Financial Disclosures) and GRI (Global
Reporting Initiative).
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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]

1 |Disposal and Recycling

LE-LIBs present challenges in end-of-life
disposal and recycling, contributing to
environmental issues.

Solid-state batteries ($5Bs) have a longer
lifespan, reducing the frequency of
replacements and minimizing environmental
impact.

Environmenta! and Social

The extraction of materials like lithium and

S58s use materials with a lower
environmental footprint, offering enhanced

creating a high risk of fires and explosions.

2 cobalt used in LE-LIBs poses significant < S ?
Challenges . : environmental sustainability during both
environmental and social concerns. 3 y
production and disposal phases.
. T, TR ey §8Bs offer |mproved stability with .non-
Temperature-dependent lonic : ¥ ; flammable solid electrolytes, making them
3 2 temperature, leading to inconsistent battery 4 ;
Conductivity ! more reliable and enhancing performance
life and performance.
across a range of temperatures.
T —— 558s eliminate the need for flammable liquid
4 |Flammability QlioeecmEsin A electrolytes, significantly reducing the risks

of fires and explosions.

5  |Thermal Runaway Risks

Volatile liquid electrolytes in LE-LIBs increase
the chances of thermal runaway, leading to
hattery failure and possible explosions.

SSBs, with their solid electrolytes, avoid
volatile components, reducing the chances of
thermal runaway, thus enhancing the safety
of the batteries.

6  |Dendrite Formation

Dendrites form during charging in LE-LIBs,
potentially leading to short-circuits and
hattery failure.

55Bs have the potential to use lithium metal
as an anode, which mitigates dendrite
formation and enhances hoth battery safety
and energy density.
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Appendix #9. Information related to the sustainability challenges and their solutions. [52] ~ [57]

Industries face increasing pressure to reduce

Prioritize ESG reporting, invest in R&D for
sustainability, and adopt renewable energy

1 Environmental Impact their environmental footprint and comply with Lge
% sources to reduce GHG emissions and ensure
global environmental standards. = = .
compliance with environmental standards.
Innovation in battery technology, particularly Investinhigh energy den§1ty battery N
2 = = 7 % technology, especially solid-state batteries, to
solid-state batteries, is crucial for advancing = <
& Research and Development 3 5 S drive advancements in EVs, and foster
the electric vehicle (EV) industry and ) - - . -
. » collaboration for innovation while promoting
sustainable energy solutions. X 7 5
sustainability metrics.
~ R : Ensure ethical labor standards across the
Ethical labor practices and worker rights need R R N e
% % supply chain and improve working conditions
3 Human Labor to be addressed in battery production,

especially in material extraction.

while aligning with social responsibility
initiatives under ESG frameworks.

Transition to Sustainable Energy

The push to move away from fossil fuels
requires the development of alternative,

Develop high-energy-density batteries like
solid-state batteries for EVs, foster
transparency in the energy transition, and

Sources clean energy technologies such as solid-state |_ R s 2 3
2 implement policy initiatives aligned with
batteries. =
global climate agreements.
Establish cybersecurity guidelines based on
Increasing digitalization exposes companies to [ISO 27001/27002 and NIST standards, adopt
5 Cybersecurity Concerns cybersecurity threats, requiring organization-wide strategies, and implement
comprehensive data protection measures. reporting mechanisms for anonymous
reporting of incidents.
Implement robust ESG frameworks, aligned
There is a growing need for transparency in with recognized standards for transparency,
6 ESG Reporting and Transparency [sustainability and governance, especially as ensure data security and incident response

investors prioritize ESG factors.

readiness, and promote stakeholder
engagement through anonymous hotlines.

7 Supply Chain

Supply chain disruptions, particularly in raw
material sourcing for batteries, create
production and market risks.

Enhance supply chain transparency, ensure
ethical sourcing of raw materials, and adopt
sustainable practices to mitigate risks while
complying with global sustainability standards.
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Appendix #10. Key challenges and proposed solutions to workforce issues in the battery industry. [61] [62]

Existing educational programs are not aligned [Align educational programs with industry
) . with the evolving needs of the battery needs through reskilling and upskilling
1 Educational Misalignment . . _ [— 2
industry, leading to inadequately prepared initiatives, ensuring workers are prepared for
workers. the battery industry's evolving demands.
Develop and implement nationally accepted
Lack of Standardized Training There _ar_e no nati_onally_accep?ed fram_eworks training guidelines, such _a_s tl’_\ose promoted by
2 B | for training, leading to inconsistent skill levels |the Battery Workforce Initiative (BWI1), to
& among workers across regions. standardize workforce preparation across the
country.
Implement work-based learning models,
Attracting new workers and retaining them is |provide career pathways, and enhance worker
3 Recruitment and Retention difficult, especially with the rapid growth of |retention by addressing industry needs and
the battery industry. ensuring inclusivity in workforce development
strategies.
Apply DEI principles in recruitment and
Diversity, Equity, and Inclusion Ensu_rlng eq_mtable access t? job_op_portunmes Yvorkforce de?/_elopment, ensuring mclfzswe
a4 (DE) and increasing workforce diversity in the job opportunities that attract a more diverse
battery sector poses challenges. workforce, with initiatives like those
supported by the BWI.
The shift to electric vehicles may lead to the Su;_:port umlon elferts Suchissthossof the
- s L0 United Auto Workers (UAW), to protect worker|
displacement of traditional powertrain jobs, ¥ 3
5 Labor Concerns N ) i ) rights, advocate for fair wages, and promote
raising concerns about job security and fair g (s L
Sads union representation in nonunionized battery
B plants.
I's initiatives f idging th ill
The rapid expansion of the battery industry Nt lnltlaFlves o o.n b"dg'."gt e skill gap
’ . by developing standardized training programs
) has created a surge in demand for skilled S 3 >
6 skill Gap % 7 5 and ensuring alignment between educational
workers, leading to gaps in areas like safety, 2 X 5
. ) programs and industry needs, helping to train
electrochemistry, and manufacturing. )
skilled workers.
Rapidly scale the workforce through training
5 = The demand for lithium-ion batteries is initiatives, work-based learning models, and
Massive Increase in Battery " R = M-
7 Daiaid expected to grow sixfold by 2030, creating collaboration with industry leaders to ensure a
urgent workforce challenges. steady pipeline of skilled workers to meet
demand.
Implement adaptive and ongoing training
Continuous advancements in battery programs to ensure the workforce stays
8 Evolving Industry Trends technology require workers to adapt quickly to [current with new technologies and production
new skills. methods, ensuring they remain competitive in
the evolving industry.
Support initiatives like BWI that develo
Many companies report difficulty in finding PP X A S P
3 2 3 i3 standardized training and reskilling programs
9 Shortage of Skilled Workers skilled workers, particularly for critical roles S
) ) 078 to address workforce shortages and fill critical
like engineers and technicians. % i
roles in the battery industry.
Focus on workforce development, investing in
The U.S. battery workforce must rapidly education and collaboration, and addressing
10 Global Competition develop to remain competitive with skill gaps to ensure the U.S. can compete
international competitors. globally in the advanced manufacturing and
battery sectors.
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Appendix #11. Cost Landscape of Solid-State Battery Development. [63] ~ [79]

Cost Category

Description

Estimated Costs

Source

Technical Costs

R&0 for electrolyte processing,
material sourcing, and
production scaling.

#10 million - $50 million
annually

QuantumScape Investor Presentation
BloomberghEF Report

[63]. [B4]. [65]

Implementation of ESG

McKinsey Report

Costs

marketing efforts.

annually

Sustainability measures and adoption of #1million - $5 million
Costs sustainable technologies in annually
3 [66]

production.

Compliance with regulations like - Deloitte
Regulatory Costs |PSUreclamation and :f::‘a?loo g o

information security standards. 4 [67]. [68]

Solid-state battery production 3 BloomberghEF
Financial Costs costs, which are at least double ::3%000 $800.000 per

that of lithium-ion batteries. [69]

IEA Reports
o e Securing partnerships, e s

Commercialization developing supply chains, and $5 million - $15 million PRNL

[705.[71.[72]

Market Entry

Costs related to production,
OEM approval, and scaling

$3 million - $10 million

McKinsey Battery Reports

Costs manufacturing. Ay [73].[74]
:;'::::::’:;’;'Pl Managing patents, legal fees, and| $100,000 - $500000 | PO
Coasts IP protection strategies. annually (751 [76]
NASA,
Safety testing, thermal
Safety Costs management, and compliance $100,000~$500,000 Deloitte
2 : annually
with safety regulations.
[771.[78]
Vorkforce-Related | Developing askiled workforce, | o uper o6 milion | BMEF Report
training, and continuous
Costs . annually
education. [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]

Item Cost Category Description Cost Estimates Notes Sources
Initial costs associated Fia i st T e DuantumnScape - Events
1 Production Cost  [with manufacturing solid-{ $400 - $800 per k'wh by 2026 ane : and Presentations
5 batteries [$101 per k'wh in 2021)
state batteries. [63]
Cost reductions expected s B
5 Sealing Effects as production scales up | Lithium-ion prices fell from $463 to| Economies of scale are critical for g:ﬁ; Bll'?ach; lsrlifgl;.;m-mn
9 and processes are $101 per k'wh [2013-2021) reducing costs. (64] 4
optirized.
Future costs Wi.” depend —_— Combining components could lower |McKinsey - Decarbonize
Long-Term on manufacturing $75 - $128 per k'Wh for lithium ’ ]
3 S . . costs; early development stages EV Batteries
Projections complexity and materials [metal anodes 3
remain. [66]
used.
Forecasts from i Ssate s
Manufacturer rnanufacturers regarding |Nissan: $75 per k'wh by 2028; Manufacturer claims can vary; need P
4 ; : : : ; Technology
Expectations the expected production |potentially $65 thereafter careful consideration. [£5]
costs.
TTTETITTAr COST COTTSTITTIETS
pay, including additional T Deloitte - EY Battery
5 Consumer Price  [expenses such as Higher than production costs P 5 : Supply Chain
ATt A factors beyond production costs.
distribution and profit [67]
maraing
Comparison of solid-state w Y
arket battery costs with $100 per k'Wh [estimates for solid- |Conventional systerns around $120 BNEF - thhlum.-lon
6 : : G : Battery Pack Prices
Comparison conventional lithium-ion | state) per k'Wh according to Schiell et al. 69]
systerns.
Factors Additional costs incurred 4 oy PNNL - Energy Storage
g OISR v, Includes marketing, distribution,
7 Influencing in bringing the product to| Varies widely ; ; Costs
4 taxes, and retailer margins.
Consumner Price  |market. [72]

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.

140 AR . A :
Cost of Lion batteries (LIB) vs. cost of solid state batteries (SSB)
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.; 80
5
2 60
S

?C I

Schnell, LIB Schnell, 558 Schmuch, LIB (LMR-Schmuch, 558 (LMR-Schmuch, S5B (LMR- Nissan, 558 2028  Nissan, SSB 2028+
(Graphite Ancde)  (Lithium anode) NMC Graphite NMC Li-Metal NMC Li-Metal-
Anode) Anode 20% excess Anode 300% excess
Li) L)

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

e Cost Comparison: Solid-state batteries (SSB) are trending towards lower costs compared to traditional Li-
ion batteries (LIB), with future projections suggesting competitiveness.

e Configuration Impact: Battery configurations significantly affect costs; for instance, Schnell's LIB is costlier
than Schmuch's LIB with an LMR-NMC anode.

e 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:

VALUE PROPOSITIONS CANVAS: BINEIEY it vresodton n e resi of 8 o s sgencies, serlie muisonras & spocs inorare Desgned by: vanteGilber. | Dteion/oafon  vemon:io
PRODUCT CUSTOMER:
1) Benefits 2) Experience Space Agencies, Satellite Manufacturers & Space Launchers
*Advanced Bi-ion Solid-State Batteries:
sHigh-performance and safe batteries with superior A) Gains (Want .
energy density. Successful mission outcomes _)4_15 Pains (Fears
*Enhanced reliability and durability for prolonged use. *Partnership \ with reliable and durable
*Environmentally friendly solutions contributing to in designing power solutions.
sustainability goals. power *Extended mission durations
sCost-Effective Solutions: solutions enabled by efficient energy
*Affordable battery solutions without compromising optimized for storage technologies.
quality. space *Confidence in meeting Uncertainty about
sInnovative manufacturing processes ensuring cost missions. mission objectives with battery performance
efficiency. advanced power solutions and longevity in
*Sustainable materials sourcing reducing *Reliable space missions.
environmental impact. ; performance sConcerns about
of batteries in meeting mission

objectives with
existing power
solutions.

sLack of energy

3) Features = extreme space
environments.

*Advanced Bi-ion Solid-State Batteries:
*Superior energy density for longer driving ranges or
mission durations.

*Continuous

*Robust safety features ensuring reliability in various support.and Power space 59'““0"5 c.apable of

applications. ada pt.atlon to m|‘§5|t|u)|ns wclltg o 4 \th§tz?nd|vg extreme

sEnvironmentally friendly materials and manufacturing evalving reliable and durable conditions in space.
mission energy solutions.

processes.

*Cost-Effective Solutions:

sInnovative manufacturing techniques optimizing cost

efficiency.

#Sustainable material sourcing reducing production costs. 6) Jobs

*Quality assurance measures ensuring long-term reliability. Addressed
Needs)

requirements.

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

Date: 02/06/2024 Version: L0

VALUE PROPOSITIONS CANVAS: BINEIEY. orome snsvao oiapestion rone resims of o8 for £ monetacnners pesigned by: Vicente Glbers
PRODUCT <—u—> CUSTOMER:
1) Benefits 2) Experience EV Manufacturers

5) Pains (Fears

*Advanced Bi-ion Solid-State Batteries: 4) Gains (Want

sHigh-performance and safe batteries with superior

energy density. *Collaborative .

*Enhanced reliability and durability for prolonged use. partnership in *Increased vehicle performance and

*Environmentally friendly solutions contributing to developing tailored range with batteries of superior

sustainability goals. battery solutions. energy density.

*Cost-Effective Solutions: *Cost savings through affordable and

sAffordable battery solutions without compromising sSeamless reliable battery solutions.

quality. integration of high- 'Enh.ance.d. repuraltlon ﬂ)r.

*Innovative manufacturing processes ensuring cost performance sustainability and innovation.

efficiency. batteries into vehicle

*Sustainable materials sourcing reducing designs. *Concerns about battery

environmental impact. ; safety and reliability.
*High costs of battery

*Responsive support|

3) Features . ‘
] and maintenance

s Advanced Bi-ion Solid-State Batteries: services ensuring
sSuperior energy density for longer driving ranges or optimal

mission durations. performance.
*Robust safety features ensuring reliability in various
applications.

eEnvironmentally friendly materials and manufacturing

procurement.
*Need for batteries with
superior energy density.

Require safer, high-performance
and sustainable energy solutions
for their vehicles.

processes.

*Cost-Effective Solutions:

*Innovative manufacturing techniques optimizing cost

efficiency.

sSustainable material sourcing reducing production costs. 6) Jobs

*Quality assurance measures ensuring long-term reliability.| Addressed
Needs)

Figure #30. The “Value Proposition Canvas” from Binergy Startup to Downstream Customer (EV Manufacturer).
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VALUE PROPOSITIONS CANVAS: Binergy

Designed for: praviding a concise &nd visusl framework for understanding and aptimizing
Binergy’s value Praposition in the resims of 558 for Renewable Energy companies.

Designed by: vicente Giliberti Date:02/06/202a  Version: 1.0

PRODUCT
1) Benefits

2) Experience

—)

*Advanced Bi-ion Solid-State Batteries:
*High-performance and safe batteries with superior
energy density.

*Enhanced reliability and durability for prolonged use.
*Environmentally friendly solutions contributing to
sustainability goals.

*Cost-Effective Solutions:

*Affordable battery solutions without compromising
quality.

*|nnovative manufacturing processes ensuring cost
efficiency.

*Sustainable materials sourcing reducing

environmental impact. f

3) Features

*Advanced Bi-ion Solid-State Batteries:

sSuperior energy density for longer driving ranges or
mission durations.

*Robust safety features ensuring reliability in various
applications.

*Environmentally friendly materials and manufacturing

processes.
*Cost-Effective Solutions:

sInnovative manufacturing techniques optimizing cost
efficiency.

*Sustainable material sourcing reducing production costs.
*Quality assurance measures ensuring long-term reliability,|

*Consulta
approach
designing

energy storage

solutions

tailored to
specific needs.

*Smooth
integratiol

energy storage
systems into
renewable

energy
projects.

*Ongoing
support a
optimizat
services

maximizing

system
efficiency.

tive
in

n of

4) Gains (Want

CUSTOMER:
Renewable Energy Companies

5) Pains (Fears

*Improved reliability and
efficiency of renewable energy
integration.

*Reduced environmental impact
with sustainable energy storage
solutions.

*Cost savings through affordable *Reliability issues with
and scalable energy storage
options.

current energy storage
solutions.

*Sustainability concerns
regarding energy storage

nd
ion

6) Jobs

(Needs)

Addressed

technologies.
sCost barriers hindering
widespread adoption of
renewable energy
torage solutions.

Store renewable energy
efficiently and reliably
for integration into
power grids.

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]

Mission

To revolutionize energy storage solutions by providing high-performance, safe, and
environmentally friendly batteries that meet the diverse neads of electric vehicle
manufacturars, renewable energy companies, and space agencies.

Vision

A future where clean and sustainable energy powers every aspect of modern life,
where energy storage solutions enable seamless integration of renewable energy
sources, drive innovation in transportation, and support exploration and scientific
discovery in space.

Values

sInnowvation: Constantly pushing boundaries and exploring new frontiers in energy
storage technology.

= Sustainability: Commitment to environmental stewardship and minimizing our
ecological footprint.

sntegrity: Conducting business with honesty, transparency, and ethical integrity.

sCollaboration: Fostering partnerships and alliances to drive collective progress and
mutual success.

sExcellence: Striving for excellence in all aspects of our work, from product
development to customer service.

Purpose

Tao lead the transition towards a sustainable energy future by providing innovative
energy storage solutions that empower our customers and contribute to a cleaner,
gresner planet.

Strategy

sTechnological Innovation: Continuously invest in research and development to
adwvance battery technology, enhance performance, and drive down costs.

s Market Expansion: Expand our market reach by forging strategic partnerships with
electric vehicle manufacturers, renewable energy companies, and space agencies,
leveraging their expertise and networks.

s Customer-Centric Approach: Place customers at the center of everything we do,
understanding their unigue needs and providing tailored solutions and exceptional
sernvice.

Culture

sPurpose-driven mindset: Every member of our team is united by a shared sense of
purpose and commitment to making a positive impact on the world.

s Collaborative spirit: We believe in the power of collaboration and teamwork,
fostering an environment whera diverse perspectives are valued, and ideas are
freely exchanged.

sContinuous learning: We embrace a culture of continuous learning and
improvement, encouraging curiosity, experimentation, and innowvation.

sCustomer focus: We prioritize the needs and satisfaction of our customers, striving
to exceed their expectations and build long-lasting relationships based on trust and
mutual respect.

sEnvironmental consciousness: We are deeply committed to sustainability,
incorporating environmentally friendly practices into our operations and products,
and advocating for a greener, more sustainable future,
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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:

Technology adaptation to
existing infrastructure

Customize and scale
manufacturing processes to
meet industry demands

Integration with Existing

Compete with well-established
lithium-ion batteries in terms

of performance and cost

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:

Technology Integration
and Scalable

Sustainable Sourcing and
Regulatory Compliance

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

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

High Importance
GREEN HORIZONS TECH FORGE

Technology Integration
and Scalable
Manufacturing

Materials Innovation
and Sustainability

High Impact Low Impact

REGULATORY NEXUS

Low Importance

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:

e (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.

e 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.

e 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.

e 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.

e 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.

e 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.

e 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

Scope Overview Completion Phases Performance Tracking
Aspect Details Task Description ey Performance
A: Startup Business . Indicators (KPic) Torget Measirement
Project Develop and commercialize Bismuth lon Solid-5tate Casa Define Dusiness structure and sfiowicase techinology.
Objectives  Batteries (BIBs) within the expanding space economy. BIE Protorype Complete in 4 months
B: R&D Conduct feasihility studies and develop prototypes. Development
- Busingss Case Document pilot Broduction Line N
- R&DReports C Admin Readingss  COmrm project feasibility, secure funding, and prepare setup Established within 1 manth
Key - Pilot Production Line— ' operational setup.
Deliverables -  Compliance & Certification Documents Production Capatity Achisve 1,000 units/manth after 3 years
- Market Entry Strategies D: 1P Management  Manage patents and protect intellectual property. of production
- Full Functional Production Line
cost Reduct Reduce production costs by 15%in 2
E: Manufacturing Trials  Prepare and run trials for manufacturing. get Reduction s
Target Space economy focusing on satellite applications, space
Mariet tourism, EVs and renewable enry storage. F: Financial Planning  Acquire funding for scaling production and operations. Strategic Partmerships | - 3 parmerships during the projec

lifecycle

Analyze market conditions and expand distribution
G: Market Entry EhEI'IbI'TEE P Sustainability

- Growing market demand for solid-state batteries Cartification
Assumptions - Competitors won't replicate technalogy quickly

Obtain 150 14001 within 2 years

: ) H: Compliance Ensure adherence to industry regulations and standards.
- Supportive regulatory environment
I Safety Assurance Implement safety measures and training for staff. KE'}" Governance Structure
- Limited funding and High Costs o . ) o . Governance Descrinti
Constraints - Challenges: Technical, Regulatory, P, Warkforce, I: Sustainability th|m|ze material sourcing and minimize enviranmenta Element escripuon
Commercialization, Sustainability, safety Impact .
Project Board Bioard of Directars, Project Manager,
. o K: Commercialization  Focus on cost competitiveness and supply chain efficiency. Members and Senior Stakehalgers.
- Alternative battery chemistries o e direct
: - Erwi ; : - Ersee project direction, approve
Exclusions EETEI:__‘T;EELQE:?S of imuth mining L: Production Finalizing production processes and ensuring efficiency for :‘:lﬁ & it budgets, align project goals, and
- - ; sponsibilities ' '
Praparation market readiness. P provide decision-making support.
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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

Component

1. Resource Planning

2. Cost Estimation

3. Cost Budgeting

4, Cost Control

Description

- |dentifies nacessary resources using Work Breakdown Structure (WBS)

to enable accurate cost estimates.

Quantifies project costs based on resource requirements, durations,
risks, and past project insights.

Key Models: Analogous, Parametric, PERT.

Techniques such as Lifecycle Costing and Value Engineering are
utilized to identify cost-saving opportunities.

Allocates costs to project phases and establishes a cost baseline for
tracking,

Key Example: Project scoped for 180 weeks with estimated total
costs of USD 13,297,689.44,

- Monitors cost variances using tools like Earned Value Management
(EVM) to adjust budgets and scope as needed.

Cost Classification

Preliminary R&D

Administrative Operations Readiness

Intellectual Property Manazement

Integration & Manufacturing Trials

Financial Planning

Market & Sales Entry & Expansion

Other Categories

Total Estimated Cost

Total (USD)

3 58904494

111958422

6,035,415.99

375,385.44

705,833.92

42807245

1,453,530 58

13,297,689.44
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Appendix #19. Sources of Funds

Type of investment

Venture Capital (VC)
Funding

Angel Investors

Government Grants and
Contracts

Corporate Partnerships

Space Accelerators and
Incubators

Space Competitions and
Prizes

Space-specific Funding
Platforms

International Funding
Opportunities

Strategic Alliances with
Research Institutions

Debt financing

Description

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.

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.

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.

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

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.

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.

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.

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.

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.

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

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 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.

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

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

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

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

Prizes serve as incentives for breakthroughs in space
technology.

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

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

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

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.

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.



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.

* underbudget
ime ime

Reminder

| Y |
Behind schedule & underbudget

+ overbudget
EV = PV, the project Is on time
A + ahead of schedule
| EV = AC, the project Is on budget

+ behind schedule

s m—— ||| ] e Tme
Ahead of schedule & overbudget Behind schedule & overbudget

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 (SP1): 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.
e 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 CPl1 < 1.00: Project is over budget.
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Appendix #21. Binergy’s Risk Management Plan Summary.

Overview of Risk Management:

Aspect

Purpose

Process

Description

Proactively manage individual and overall project risks to optimize success by
minimizing threats and maximizing opportunities.

Streamilined risk management process to predict uncertainties, enhandng project
comgletion chances and mitigating impacts.

Risk Assessment Approach:

Risk Assessment

Approach

Oualitative
Analysis

Description

Assess impact and likelihood of risks on a scale (e.g., low, meadium, high) to
prioritize and address risks strategically.

Key Risk Categories & Examples:

Risk Categary

Techniczl Risks

Commercialization
Rizks

Cost and Financial
Ricks

Major Risks

- REDchallengzs lzading to delays
- Integration izsues causing compatibility problems
- Mznufacturing difficulties affzcting quality and timelinzs

- Uncertainty in markst demand
- Competition from existing products
- Difficulties in pricing strategy

- Budgst ovarruns due to scope changss
- Cash flow management issues
- Difficulty securing funding

Intellectual Property - Patentinfringzment risks.

Ricks

Market Risks

Regulatory Risks

safety and
sustainability Risks

Workforce Risks

- Challenges in protecting IP rights

- Wulnerability to markst fluctuztions .
- Unforezzen shifts in consumer demands

- Compliance issues lading to penalies
- Uncertzinty in obt3ining necessary regulatory approvals

- Product safety risks for users and employees
- Paotentizl negative environmental impacts

- Ekill gaps leading to project delays
- High turnover rates impacting continuity
- Challenges in recruitment affecting resource availability
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Appendix #22. Binergy’s Project Organization, Materials & Equipment

Binergy’s Project Organization:

Item

1

oMW s @m W

11
12
13
14
15

16

17

18

Department Title

Executive CEOQ

Operations Coo

Project .
Management Project Manager
RED RED Manager
RED Lab Technician

Quality Assurance

Quality Assurance

Finance CFO
Finance

Commercial Ccco
Commercial

Commercial

Technology cCTo

Human Resources HR Manager

Human Resources HR Specialist

Legal & Strategic
Partnership Manager
Legal & Strategic
Partnership Analyst

Legal
Legal

IT & Technology

COuality Manager

Ceality Specialist

Finandial & Admin Analyst

Marketing & Sales Spedalist

IT & Technology Specialist

Responsibilities

Sets company vision, oversees strategy, and represents the organization in

public.
Manages daily operations, coordinates departments, and oversees key
managers.

Leads project planning, execution, and reporting to stakeholders.
Owversees RED projects and ensures regulatory compliance.

Conducts lab experiments and maintains lab equipment.

Develops guality systems, monitors gquality, and leads improwvements.
Supports guality control and conducts inspecticons.

Owersees financial strategy, planning, and risk management.
Analyzes financial data, assists in budgeting and reporting.

Manages commercial strategy and revenue gensration.

Marketing & Sales Manager Develops marketing plans and monitors market trends.

Conducts market research, supports campaigns, and creates marketing
materials.

Owersees technology strategy and IT infrastructure.
Manages HR functions, policies, and employee development.

Supports recruitment and employee engagement initiatives.
Manages legal matters and forms strategic partnerships.
Assists with contract analysis and partnership initiatives.

Provides IT support and assists with technology implementations.

Binergy’s Project Materials & Equipment:

Item MNo.

Classification
Production Material &
Equipment

Warehouse & Storage
Equipment

Safety Material &
Equipment

Medical Consumables &
Dewvices

Laboratory Supplies &
Equipment

General Services &
Miscellaneous

Miscellaneous Tools

Office Supplies

Office Furniture

Description

Includes battery production line machinery and
quality control systems.

Storage solutions and climate-controlled units for
inventory management.

PPE, safety systems, and monitoring equipment
for workplace safety.

First aid kits, AEDs, and sanitation products for
health and safety.

Analytical tools and testing equipment for battery
research and guality checks.

Maintenance supplies for facility management,
including HVAC and electrical components.

Maintenance and assembly tools, along with office
eguipment for administrative tasks.

Daily operational supplies like writing materials
and organizational tools.

Ergonomic furniture for productive workspaces.
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Appendix #23 Binerqy’s Project Communication Matrix

ltem

10

Communication
Meeting Agendas

Weekly Meetings

Weekly Overall Project
Progress Report

Meeting Minutes

Monthly Meetings

Weekly Departmental
Progress Reports

Kick-Off Meeting
Handover Meeting
Close Out Meeting

Ad-Hoc Meeting

Description

Lists meeting objectives and
expectations

Project status and task discussions

Brief project status summary with

milestones

Summarizes meeting key points and :

actions

Format

Email

Meeting

Ermail

rmail

Monthly project review and updates Meeting

Department-specific progress
updates

Initial project alignment

Transfers responsibilities to new
Process owners

Final review, lessons learned, and
handover

Unplanned, topic-specific
discussions
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Email

Meeting

Meeting

Meeting

Meeting

Attendants
Project Manager
Key Stakeholders
Project Manager

Project Manager

Sponsors +
Stakeholders

Dept. Managers

Sponsors +
Stakeholders

Sponsors +
Stakeholders

Sponsors +
Stakeholders

To be confirmed

Method

Formal Written

Formal Verbal

Formal Written

Formal Written

Formal Verbal

Formal Written

Formal Verbal

Formal Verbal

Formal Verbal

Formal Verbal

Frequency
Weekly
Weekly

Weekly

Immediate,
post-meeating

Monthly
Weekly

As per Schedule
As per Schedule
As per Schedule

As required



See Appendix #24. Binergy’s Project Stakeholders Matrix.
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Key Stakeholder
| = Internal
E=External

Title

Chief Executive Officer (CEQ)

Chief Operating Officer (COO0)

Chief Financial Officer (CFO)

Chigf Technology Officer (CTQ)
Chief Commercial Officer (CCO)
Project Manager

R&D Manager

Battery Scientit/Enginger

Lab Technician

Production & Supply Chain Manager
Production & Supply Chain Spedialist
Maintenance Technicizn

Quality Manager

Quality Spedalist

Finance & Administration Analyst
Marketing/Sales Manager
Marketing/Sales Analyst

HR Manager

HR Specialist

Legal & Strategic Partnerships
Manager

Legal & Strategic Partnerships Analyst
IT & Technology Specialist

Suppliers

Research Institutions

Regulatory Bodies

Financial Bodies

Organization

Binergy
Binergy
Binergy
Binergy
Binergy
Binergy
Binergy
Binergy
Binergy
Binergy
Binergy
Binergy
Binergy
Binergy
Binergy
Binergy
Binergy
Binergy
Binergy

Binergy

Binergy
Binergy
TBC
TEC
TBC
TEC

Role

Overall project oversight and strategic direction.

Operational execution and management of project resources.
Financial oversight, budget management, and funding strategies.
Drives technology strategy and product development.

Focus on market strategies and revenue generation.

Manages project execution, timelings, and team coordination.

Oversees research and development efforts related to the battery technology.

Develops and tests battery materials and designs.

Conducts experiments and tests on battery prototypes.
Manages production operations and supply chain logistics.
Supports supply chain management and process improvements.
Ensures maintenance of production equipment.

Oversees quality assurance and control processes,

Supports quality assurance activities and compliance checks.
Assists in financial analysis, budzeting, and administration.
Develops marketing strategies for the battery product.
Conducts market research and analysis to support marketing efforts.
Manages hiring, staffing, and employes refations.

Supports HR functions and employee engagement inftiatives.

Manages legal contracts and strategic partnerships.

Assists in legal and partnership assessments.

Provides IT support and technological solutions for project operations.
Provide materials for battery production.

Collaborate on research and development of solid-state battery technologies.
Ensure project compliance with safety and environmental standards.

Communication Method

Regular meetings & reports
Weekly meetings

Monthly finance meetings

Project updates & technical reviews
Strategic planning sessions

Daily stand-ups

Bi-weekly project reviews

Regular updates & team meetings
Daily interactions

Weekly production meetings
Regular check-ins

Az needed

Maonthly quality reviews

Regular updates

Monthly financial reports
Maonthly strategy sessions
Weekly updates

Regular HR meetings

Az needed

Regular strategy sessions

Az needed

Daily check-ins

Regular meetings

Joint meetings and reparts
Initial consultations & updates

Provide funding through various means such as VC, grants, and strategic partnerships.  Pitch presentations & reparts
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Appendix #25. Binergy’s Procurement Strategies.

Binergy’s Procurement Process Summary

M&E Build IN-
SITU

M&E
Reception

Commissioning

ME&E
Requirements

Make or Buy
Analysis
Supplier
Selection
Criteria (RFI,
RFP, RFQ,

Payment

Make or Buy Analysis

2.1 1) Cost to Purchase Total (USD)
2.2.1 Plant Line Making Machine Unit 2,214,000.00

2.2 2) Avoidable Costs Total (USD)
2.2.1 Assembly Parts (Delivery & Taxes included) 1,078,380.00
2.2.2 Assembly Technician Costs 24,000.00
2.2.3 Idle Rent (3 months) 30,000.00
2.2.4 Services & Supplies 393,677.00

2.3 3) Change in Costs Total (USD)
2.3.1 Cost to Purchase 2,214,000.00
2.3.2 -Avoidable Costs 1,526,057.00
2.3.3 Change in Costs 687,943.00

Supplier’s Selection Criteria for the Solid Battery Machine

Item: Solid State Cell
Production Plant Line Making

Machine Picture of the equipment:

Supplier Selected: Dongguan
Gelon Lib Co., Ltd

Item Criteria Results

1 Price Evaluation Competitive pricng compared to other suppliers.

2 Value for Money High-quality components and materials provided at a reasonable price.

2 RISt OF SRSt system in place to ensure consistency.

4> Reliahiity long-term reliability and strong customer satisfaction.

S b willingness to adapt to changing project needs.

R Supplier is open to negotiation and adjusting terms to fit project requirements.
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The supplier's products meet or exceed industry standards. They have a robust quality control

Proven track record of on-time delivery and consistent performance. Supplier has a history of

Quick response to inguiries, technical support, and problem resolution. Demonstrates a

Ability to accommeodate special requests or modifications, offering customizable solutions.



Appendix #26. QA and QC actions across different phases of the project.

10
11
12
13

14

15

16

17

13
20
21

2

Phase/Activity

Preliminary R&D

Administrative Operations Readiness

Intellectual Property Management

Integration & Manufacturing Trials

Finandal Planning

Market & Sales Entry & Expansion

Regulatory Compliance

Safety & Sustainability Assurance

Sustainability Practices

Commercialization

Production Preparation

Quality Assurance (QAP) Actions
Ensure technical feasibility and R&D
adherence to standards.

Monitor and document all R&D activities.
Oversee compliance with legal and
operational requirements.

Oocument setup processes and ensure
regulatory adherence.

Ensure tharoughness of IP strategies and
compliance with regulations.

Document all IP activities and partnerships.

Manitor manufacturing processes for
adherence to quality standards.

Document and assess trial results.

Ensure accurate financial planning and
alignment with project goals.

Quality Control (QCP) Actions
Conduct technical inspections of RE&D
progress.

Validate raw materials and lab processes.

Verify legal entity establishment.

Inspect office equipment and utilities
installations.

Review patent searches and protection
strategies.

Verify compliance with legal agreements.
Inspect manufacturing equipment and
materials.

Conduct performance and reliability testing.
Review finandial documents and grant
applications.

Oocument all financial transactions and audits. Monitor budget against planned allocations.

Ensure market strategies align with quality
and project goale.

Document sales and market expansion plans.

Oversee adherence to all regulatory
requirements and standards.

Maintain records of compliance and
certifications.

Ensure implementation of safety and
sustainability protocols.

Oocument safety training and equipment
procurement.

Monitor sustainable sourcing and
environmental impact assessments.

Oocument all sustainability efforts.

Ensure readiness for market entry and cost
Competitivenass.

Document all commercialization efforts.
Oversee training programs and production
trils.

Document all production preparation
activities.
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Evaluate sales channel development.
Review distribution network expansion plans.

Audit regulatory efforts and certifications.

Verify compliance with safety and
environmental standards.

Inspect safety equipment and protocols.
Conduct audits of sustainability practices.

Manitor sustainable material sourding.

Audit energy-efficient practices and waste
management.

Review supply chain investments.
Ensure cost competitiveness is achieved.

Validate training program implementation.

Review production trial results and readiness.



Appendix #27. Project Tracking, Control Procedures & Documents.

Control Procedures:

Item Section

Project Progress

1 Overall Report
3 Process
Documents
B Risk
Management
Escalation
a4
Process

Control Documents:

Item

10

11

12

Document Type
Project Charter
Project Schedule
Milestone Tracking Report
Rizk Management Plan
Budget Management Report
Funding Status Documents
Status Reports

Deliverables Tracking Log

Meeting Notes and Minutes

Compliance and Certification
Documents

Weekly Reporting

Description Details

The “Project Progress Overall Report”
will be emailed weekly to all
stakeholders and discussed during
weekly meetings. It includes key
milestones, risks, issues, and financial
data in a concise format.

Project documents are compiled and
Continuous continuously updated throughout the
Documentation  project to support tracking and control
of project processes.

Risks will be managed according to the
“Risk Management” section, ensuring
ongoing assessment and mitigation
actions.

Risk Tracking

- Issues beyond the control of the
Project Manager are escalated to the

Plant Manager.
Issue Escalation
- Issues beyond the control of the Plant

Manager are escalated to the
Director/President.

Description

Document establishing the project's existence, cbjectives, stakeholders,
and scope.

Updated Gantt chart or timeline showing all sub-tasks, assigned codes,
start and finish dates.

Summary report of milestones achieved, pending, and issues affecting
milestone completion.

Continuous assessment of risks associated with each task and strategies
for mitigation.

Regular updates on budgeted versus actual costs related to both RE&D
and administrative operations.

Records of secured funding, documentation for applications, and
communications regarding financial support.

Regularly updated reports summarizing progress on each sub-task,
izzues encountered, and solutions.

A record that tracks the completion and approval of all project
deliverables, including contracts, agreements, reports, and other
outputs.

Records of key meetings (e.g., Project Kick-off, Preliminary Project
Approval) to document decisions made and actions assigned.

Records related to regulatory compliance, certifications, and standards
being followed.

Health, Safety, and Sustainability Documentation on training records, safety measures, audit findings,

Reports

Intellectual Property
Management Documents

and updates on sustainability initiatives.

Records of patent filings, licensing strategies, due diligence results, and
IP protection strategies.
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Appendix #28. Costs Estimation per category in an Annual Basis

Cost Category

Description

Estimated Costs

Source

Technical Costs

R&D for electrolyte processing,
material sourcing, and
production scaling.

$10 million - $50 million
annually

QuantumScape Investor Presentation
BloomberghEF Report

[63]. [64].[65]

Implementation of ESG

MecKinsey Report

marketing efforts.

Sustainability measures and adoption of F1million - $5 million
Costs sustainable technologies in annually
: [66]

production.

Compliance with regulations like - Deloitte
Regulatory Costs |PSUreclamation and :::3'30"00 S i

information security standards. Y [67]. [68]

Solid-state battery production BloomberghlEF
Financial Costs costs, which are at least double ::3?;000 800,000 per

that of lithium-ion batteries. [69]

IEA Reports
T Securing partnerships, o~ =

Commercialization developing supply chains, and $5 million - $15 million PRML
Costs annually

[70].[711.[72]

Market Entry

Costs related to production,
OEM approwval, and scaling

$3 million - $10 million

McKinsey Battery Reports

Costs manufacturing. R [73].[74]
::',‘:::::’:,";'P] Managing patents, legal fees, and| $100,000 - $500,000 | 7O
Costs IP protection strategies. annually [75). [76]
MNASA
Safety testing, thermal
Safety Costs management, and compliance $100,000 - $5£00,000 Deloitte
> : annually
with safety regulations.
[77].[78]
Workforce-Related | D¢veloping askilled workforce, | o4 uion o5 milion | BMNEF Report
training, and continuous
Costs " annually
education. [79]
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Appendix #29. Death Valey Curve & Financials
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