
BATTERY ENERGY STORAGE SYSTEMS

From Cell Chemistry to Real-World Performance
REAL-WORLD PERFORMANCE DRIVERS
"Behind those numbers is an electrochemical system whose 
true delivery is governed by key underlying factors:"


1. Chemistry
Fundamental electrochemical characteristics


2. Construction
Cell, module, and pack design architecture


3. Operating Conditions
Thermal environment & duty cycle stresses


4. Controls
BMS & software dispatch strategies

Presented By:
Dr. Puneeth S B,
CTO, HubEnergys



BATTERY ENERGY STORAGE SYSTEMS

Why Energy Storage Matters


Renewable 
Penetration 

Solar & Wind 
Variability

 Grid Flexibility Electrification & 
Charging 

Reliability & 
Resilience

Supporting high-power EV 
charging clusters and 
industrial electrification.

Ensuring grid stability, 
black-start capabilities, and 
backup power.

 Peak Demand & 
Shifting

Mitigating peak loads and 
balancing diurnal demand 
profiles.

Smoothing non-dispatchable 
supply fluctuations in real 
time.

Managing high-share 
intermittent generation across 
modern power grids.

Providing fast frequency 
response, inertia, and 
ancillary services.



BATTERY ENERGY STORAGE SYSTEMS

What is a BESS?

A battery is only one part of the complete system.


1. Electrochemical 
Storage

+


2. Power 
Conversion

+
 3. Controls


4. Thermal 
Management

+
 5. Protection

+
6. Grid Interface

Inverters (PCS) converting 
DC to AC power 
bidirectionally

BMS & EMS software 
managing operations 
and state-of-charge

Transformers & switchgear 
for high-voltage grid 
interconnection

HVAC & liquid cooling 
systems regulating optimal 
temperatures

Fire suppression, safety 
containment, and electrical 
safeguards

Battery cells & modules that 
chemically store energy



BATTERY ENERGY STORAGE SYSTEMS

Power, Energy, and Duration

LONG DURATION CONFIGURATION

25 MW / 100 MWh

 ~4 hours at rated output under stated 
conditions

SHORT DURATION CONFIGURATION

100 MW / 100 MWh

 ~1 hour at rated output under stated 
conditions

 KEY TAKEAWAY
Same power rating does not mean same application or value.

 “Before discussing applications, we need to understand what determines the behaviour of the 
battery itself.”



BATTERY CELL ARCHITECTURE

What Determines Cell Capacity?

 Active 
Material

Volume and 
mass of 
electrochemic
ally active 
materials.

 Electrode 
Design

Coating 
thickness, 
porosity, and 
loading 
density.

 Cell Size

Physical 
dimensions 
and internal 
volume 
available.

 Material 
Utilization

Efficiency of 
active material 
during charge/ 
discharge.


Manufacturing 
Quality
Precision in 
assembly, 
purity, and 
coating 
consistency.


CRITICAL DISTINCTION
A larger cell does not automatically mean a better cell.
The cell design must be precisely matched to the required energy, power, thermal, and lifetime 
performance demands of the target application.



BATTERY CELL ARCHITECTURE

Types of Battery Cells & Internal Mechanics

CELL FORM FACTORS LITHIUM-ION CELL STRUCTURE

Key Components:
● Anode & 

Cathode
● Electrolyte
● Separator
● Current 

Collectors

ELECTROCHEMICAL CHARGE & DISCHARGE CYCLE

Charging Process
Lithium ions (Li+) move from the 
positive electrode to the negative 
electrode.

Discharging Process
Lithium ions (Li+) move from the 
negative electrode to the positive 
electrode.



BATTERY CELL ARCHITECTURE

Comparison of Cell Form Factors

Cylindrical

MECHANICAL CONSTRUCTION – Rigid 
metallic 
PACKAGING EFFICIENCY – Lower 
volumetric efficiency 
THERMAL MANAGEMENT – Good heat 
dissipation 
MANUFACTURING – Highly automated, 
mature high-speed production with high yield 
and lower cost.
INTEGRATION (PACKS) – Requires 
numerous electrical connections (wire 
bonding); strong structural frame.

Prismatic

MECHANICAL CONSTRUCTION – Rigid 
rectangular metallic shell 
PACKAGING EFFICIENCY – High 
packaging efficiency; 
THERMAL MANAGEMENT – Large flat 
surfaces facilitate efficient side cooling 
via integrated cold plates.
MANUFACTURING – Complex process 
requiring precise laser welding for heavy 
terminals and casing.
INTEGRATION (PACKS) – Fewer 
electrical connections needed; robust 
build simplifies module assembly.

Pouch

MECHANICAL CONSTRUCTION – 
Flexible aluminum-laminated pouch 
PACKAGING EFFICIENCY – Highest 
cell-level energy density, 
THERMAL MANAGEMENT – Excellent 
surface heat removal
MANUFACTURING – Requires 
cleanroom conditions 
INTEGRATION (PACKS) – Needs 
external mechanical support frames 
and compression hardware to prevent 
expansion.



BATTERY CELL ARCHITECTURE

Energy Density vs Power Capability

 STORAGE CAPACITY
Energy Density

How much energy can be stored 
relative to the size or mass of the cell.
Determines total operating range and 
duration between charges.

 DELIVERY SPEED
Power Capability

How quickly energy can be delivered 
or accepted by the cell.
Determines peak acceleration, 
fast-charging rates, and discharge rates.


KEY APPLICATION TRADE-OFF
High energy density does not equal high power optimization.
A cell designed strictly for high energy density is not necessarily optimized for repeated, 
high-power charging and discharging cycles without thermal stress or accelerated 
degradation.



BATTERY CELL ARCHITECTURE

The Cell is the Foundation of System Performance


Cell Chemistry

Fundamental materials 
(LFP, NMC) dictating 
intrinsic voltage and 
thermal safety.

+


Cell Design

Form factor, electrode 
thickness, tab structures, 
and internal mechanical 
geometry.

+


Manufacturing Quality

Precision coating 
consistency, purity, and 
strict tolerance control in 
production.

+


Operating Conditions

Thermal exposure, 
charge/discharge rates, 
C-rates, and depth of 
discharge.

▽ COMBINES TO DETERMINE CELL PERFORMANCE ▽


NEXT-LEVEL SYSTEM INTEGRATION
A cell does not operate alone.
A Battery Energy Storage System (BESS) is an engineered system built around thousands of 
interconnected cells, requiring advanced thermal management, structural integration, and controls.



BATTERY SYSTEM ARCHITECTURE

The Battery Hierarchy: From Cell to Grid

LEVEL 01
Cell


Basic 

electrochemica
l unit storing 

chemical 
energy.

LEVEL 02
Module


Multiple cells 

connected with 
monitoring 

circuit.

LEVEL 03
Pack / Rack


Modules linked 

in 
series/parallel 

within a 
structural 

frame.

LEVEL 04
Container


Weatherproof 
enclosure with 
HVAC and fire 
suppression.

LEVEL 05
DC System


High-voltage 
DC collection 

bus and 
protection 

switchgear.

LEVEL 06PCS + 
Trans.


Bi-directional 

inverter 
converts DC to 
AC and steps 

up voltage.

LEVEL 07
AC Grid


Final 

connection to 
transmission 
or distribution 

grid.


SYSTEM INTEGRATION OVERVIEW
Scaling from Microscopic Chemistry to Megawatt-Scale Power
Each tier adds mechanical structure, thermal control, and intelligence. Safe grid-scale storage requires 
seamless integration from single cell electrochemistry all the way through power conversion to 
high-voltage AC delivery.



BATTERY PACK ARCHITECTURE

Why Cells Are Connected in Series and Parallel

SERIES CONNECTION
Increases Total Voltage


• Voltage Stacking: Connecting cells end-to-end (positive to 
negative) adds their voltages together.

• High-Power Efficiency: Higher voltage enables greater 
power delivery to drive heavy system loads effectively.

• Constant Capacity: The total overall amp-hour (Ah) 
capacity remains identical to a single cell.

PARALLEL CONNECTION
Increases Capacity & Current


• Capacity Addition: Connecting like terminals 
(positive-to-positive) sums the storage capacity (Ah).

• Current Sharing: Distributes total current load across 
multiple cells, extending overall runtime.

• Constant Voltage: The output voltage remains equal to the 
potential of a single individual cell.


PACK DESIGN STRATEGY
Balancing Electrical Behaviour & Redundancy
Combining series and parallel arrangements (sXp configuration) shapes the system's exact electrical 
characteristics. Parallel strings provide built-in fault tolerance and redundancy, preventing a single weak 
cell from failing the entire pack.



BESS SYSTEM ARCHITECTURE

How the Cell Becomes a Reliable BESS

 BMS

Monitors cell 
voltage, 
temperature, 
current, SOC, 
and SOH. 
Performs active 
balancing and 
safety protection.

Thermal      
Mgmt

Maintains 
temperature 
uniformity across 
cells. Controls 
heat during 
high-rate 
charging and 
discharging.

 PCS

Converts power 
between DC and 
AC. Controls 
charge and 
discharge rates 
to meet grid 
demands.

 EMS

Determines 
dispatch 
schedules. 
Optimizes when 
and how the 
system charges 
or discharges 
based on grid 
loads.

 Safety & 
Protection

Provides 
electrical 
isolation, fault 
detection, fire 
suppression, and 
emergency 
shutdown 
protocols.


KEY INTEGRATION TAKEAWAY
Cell Chemistry Defines Potential; Systems Guarantee Performance
While chemistry determines maximum potential performance, actual operational 
reliability, safety, and lifespan depend entirely on cell quality, controlled operating 
conditions, robust thermal management, and intelligent control systems.



BATTERY STORAGE TECHNOLOGY

Battery Technology Landscape

ESTABLISHED
Lithium-ion


LFP, NMC, and other proven 
chemistries dominating utility 
and EV applications today.

RAPIDLY EMERGING
Sodium-ion

NA

Alternative intercalation 
chemistry utilizing abundant 

sodium for lower-cost 
stationary storage.

LONG DURATION
Flow Batteries


Liquid electrolyte-based 

storage, including vanadium 
redox systems for multi-hour 

energy supply. (Vanadium 
Redox Flow Battery)

NEXT-GENERATION

Emerging Tech


Solid-state, zinc-based, 

metal-air, and novel 
chemistries currently 

progressing through R&D.


COMMERCIAL MATURITY DIFFERENCES
Not all battery technologies sit at the same stage of market readiness.
While Lithium-ion dominates present deployments, Sodium-ion and Flow systems address specific cost and 
duration niches, whereas Emerging technologies represent long-term innovation pipelines.



BATTERY CHEMISTRY FOCUS

LFP: Lithium Iron Phosphate

CHEMISTRY & STRUCTURE

Cathode Material


Stable olivine crystal 

structure using abundant 
iron and phosphate, 

offering non-toxic and 
cost-effective cathode 

material.

STABILITY & RISKS

Thermal & Safety


Exceptional thermal 

runaway resistance, high 
chemical stability, and 

robust safety under abuse 
or high temperatures.

LONGEVITY

Cycle Life


Long operational lifespan 
delivering 3,000 to 6,000+ 

deep charge-discharge 
cycles with low 
degradation.

TRADE-OFFS

Energy Density


Lower 

volumetric/gravimetric 
energy density compared 
to NMC, fully acceptable 
in stationary applications.

APPLICATIONS

Stationary Power


Dominates grid-scale 

BESS due to lower total 
cost of ownership, high 
reliability, and superior 

safety profile.


INDUSTRY PERSPECTIVE
The Premier Choice for Utility & Stationary Storage
LFP is widely relevant because it offers a strong balance of safety, cost, cycle life, and commercial maturity. Its 
lower energy density is a minor compromise in stationary storage where footprint is secondary to reliability and 
life-cycle economics.



BATTERY CHEMISTRY FOCUS

LFP: Lithium Iron Phosphate
CHEMISTRY & 
STRUCTURE

Cathode Material


Stable olivine crystal 

structure using 
abundant iron and 
phosphate, offering 

non-toxic and 
cost-effective 

cathode material.`

STABILITY & RISKS
Thermal & Safety


Exceptional thermal 
runaway resistance, 

high chemical 
stability, and robust 
safety under abuse 

or high 
temperatures.

LONGEVITY
Cycle Life


Long operational 
lifespan delivering 
4,000 to 11,000+ 

deep 
charge-discharge 

cycles with low 
degradation.

TRADE-OFFS
Energy Density


Lower 

volumetric/gravimetric 
energy density 

compared to NMC, fully 
acceptable in stationary 

applications.

APPLICATIONS
Stationary Power


Dominates grid-scale 
BESS due to lower 

total cost of 
ownership, high 
reliability, and 
superior safety 

profile.



BATTERY CHEMISTRY FOCUS

NMC: Nickel Manganese Cobalt
CHEMISTRY & 
STRUCTURE

Cathode Material


Layered oxide 

structure blending 
nickel, manganese, 

and cobalt to 
maximize energy 
storage capacity.

PERFORMANCE

Energy Density


Higher volumetric 
and gravimetric 
energy density 

potential, ideal for 
compact footprint 

demands.

ECONOMICS

Material & Cost


Higher raw material 

cost and supply 
chain exposure due 
to reliance on cobalt 
and nickel pricing.

STABILITY & RISKS

Thermal & Safety


Requires stricter 

thermal management 
and robust cooling 

controls due to lower 
thermal runaway 

threshold.

APPLICATIONS

Space-Constrained


Critical for premium 

EVs and 
space-restricted 
storage where 

maximum energy per 
volume is essential.


CHEMISTRY COMPARISON & TRADE-OFFS
LFP and NMC represent strategic trade-offs, not pure superiority.
LFP and NMC are not simply “better” or “worse.” They represent different trade-offs within the 
lithium-ion family, balancing energy density, cost, safety, and lifespan based on application needs.



BATTERY CHEMISTRY FOCUS

Sodium-ion: Emerging Storage Alternative

PRINCIPLE
Intercalation


Operates via 

sodium-ion movement 
between electrodes, 
mirroring lithium-ion 

mechanics with larger 
ions.

SUPPLY CHAIN
Abundant 
Materials


Uses widely available, 
low-cost sodium and 

iron, eliminating 
reliance on lithium 
and cobalt supply 

chains.

PERFORMANCE
Energy Density


Lower energy 

density compared to 
leading lithium-ion 

cells, trading 
compactness for 
cost advantages.

APPLICATIONSStationary 
Storage


Ideal for cost-sensitive 
stationary storage and 

grid applications 
where footprint 
constraints are 

minimal.

ECOSYSTEM
Rapid Scale-Up


Leverages existing 

lithium-ion 
manufacturing 

processes, 
accelerating 

commercial scale and 
maturity.


STRATEGIC ROLE & POSITIONING
Sodium-ion broadens the storage landscape rather than replacing 
lithium-ion.
Sodium-ion introduces a complementary, highly scalable alternative that mitigates raw 
material risks and reduces costs for stationary applications, sitting alongside 
established lithium-ion technologies.



BATTERY CHEMISTRY FOCUS

Flow Batteries: Principles & Redox Chemistries

ARCHITECTURE
Basic Principle


Electrolyte tanks, 

pumps, cell stack & ion 
exchange membrane 

store energy externally 
in liquid electrolytes.

CHEMISTRIES
Redox Systems


Vanadium redox 

(VRFB) leads 
commercial use 

alongside emerging 
iron-chromium and 

organic liquid 
chemistries.

SCALABILITY
Decoupled Power


Independent scaling of 
power (stack size) and 
energy (tank volume), 
ideal for long-duration 

storage needs.

LONGEVITY
Cycle Life


Exceptional operational 

life (20,000+ cycles) 
with near-zero active 
material degradation 

over decades.

INFRASTRUCTURE
Balance of Plant


Larger physical footprint 

and active pumping 
balance-of-plant 

requirements suited for 
stationary installations.


TECHNOLOGY POSITIONING
Redox Flow: The Standard for Multi-Hour Grid Storage
Redox flow batteries represent the primary category within flow battery technology. By decoupling energy 
capacity from power rating, they excel in long-duration grid-scale applications where spatial footprint is 
secondary to life-cycle economics and zero-degradation thermal safety.



BATTERY CHEMISTRY FOCUS

Solid-State: Next-Generation Architecture

ARCHITECTURE

Solid Electrolyte


Replaces liquid 

electrolytes with solid 
separators, eliminating 

volatile solvents and 
enabling lithium metal 

anodes.

BENEFITS

Safety & Density


Significantly 

reduces thermal 
runaway risks while 
boosting volumetric 
energy density for 
compact designs.

DIVERSITY

Electrolyte Types


Diverse approaches 

including sulfide, 
oxide, and polymer 
systems—each with 
unique trade-offs.

BOTTLENECKS

Interface & Mfg


High interfacial 

resistance, dendrite 
formation, and 

high-cost precision 
manufacturing 

hinder scale-up.

COMMERCIAL
Deployment 

Status


Limited to niche 

applications today; 
mass EV adoption 

expected late 2020s 
or early 2030s.


TECHNOLOGY PERSPECTIVE

Solid-State is a Diverse Category, Not a Monolithic Solution
Solid-state technology encompasses distinct chemical routes—sulfides offer high conductivity but 
moisture sensitivity, oxides provide safety but high rigidity, and polymers allow easier processing with 
lower room-temperature performance. Commercial maturity varies, making targeted deployment essential.



BATTERY CHEMISTRY FOCUS

Zinc-Based Systems: Sustainable & Safe Storage

CHEMISTRIES
Zinc-Ion Tech


Rechargeable 

intercalation systems 
using mild aqueous 

electrolytes for 
non-flammable 

operation.

ARCHITECTURE
Zinc-Bromine


Hybrid flow system 
separating energy 
and power, utilizing 

liquid electrolyte 
plating mechanics.

SUPPLY CHAIN
Abundant Zinc


Leverages low-cost, 

globally available 
materials, bypassing 

critical supply 
bottlenecks of lithium 

and cobalt.

PERFORMANCE
Energy Density


Moderate energy 

density compared to 
lithium, prioritizing 
intrinsic safety and 

long-duration storage 
economics.

ECOSYSTEM
Maturity Level


Zinc-bromine sees 

commercial 
stationary use; 

zinc-ion advances 
rapidly toward 

commercial scale.


SYSTEM ARCHITECTURE DISTINCTION
Zinc-ion and Zinc-bromine flow represent distinct technical approaches.
While zinc-ion relies on solid-state or aqueous intercalation chemistry inside closed cells, zinc-bromine 
operates as a redox flow system with external tanks and pumps. Both leverage abundant zinc for 
enhanced safety and sustainability, serving complementary roles in non-lithium energy storage.



BATTERY CHEMISTRY FOCUS

Metal-Air & Next-Gen Chemistries
HIGH ENERGY 

DENSITY
Zinc-Air


Uses atmospheric 
oxygen to boost 

capacity. Offers low 
cost & safety, but 

faces severe 
rechargeability & 

air-electrode limits.

MULTI-DAY STORAGE
Iron-Air


Solves ultra-low-cost 
100hr grid storage via 

reversible rusting. 
Accepts low 

round-trip efficiency & 
heavy system 

footprint.

ULTIMATE HORIZON
Lithium-Air


Promises 

gasoline-like 
theoretical energy 

density. Early 
research stage 

blocked by material 
stability & side 

reactions.

SYSTEM METRICS
Key Trade-offs


Trades power density 
& round-trip efficiency 

for massive 
volumetric/gravimetri
c potential & ultra-low 

capex.

ECOSYSTEM
Maturity Level


Iron-air enters pilot 
grid deployments; 

zinc-air targets niche 
uses; lithium-air 

remains long-term 
R&D.


TECHNOLOGY POSITIONING & BOTTLENECKS
Metal-Air Prioritizes Extreme Duration and Economics Over Efficiency
Metal-air chemistries unlock open-system energy scaling by drawing oxygen from ambient air. While offering 
unprecedented theoretical capacities for multi-day storage, commercial adoption hinges on overcoming major 
technical hurdles: low round-trip efficiency (<60%), limited power density, air-electrode degradation, and complex 
balance-of-plant management.



BATTERY CHEMISTRY FOCUS

The Technology-Selection Framework

INPUT STEP 01

Operating Profile


Defines load patterns, 

duty cycles, charge 
rates, and 

environmental 
conditions required by 
the target application.

INPUT STEP 02

Characteristics


Establishes essential 
attributes including 

energy density, power 
response, safety 

margins, and footprint 
constraints.

CORE EVALUATION

Tech Selection


Matches application 
requirements against 
candidate chemistries 

based on performance, 
maturity, and risk 

profiles.

IMPLEMENTATION

System Design


Integrates chosen cells 

with optimal thermal 
management, 

balance-of-plant, and 
battery management 

systems (BMS).

STRATEGIC GOAL

Lifecycle Value


Maximizes long-term 

economic returns, 
operational reliability, 
and levelized cost of 
storage (LCOS) over 

system life.


FRAMEWORK METHODOLOGY

Holistic Evaluation Balances Technical Performance and Lifecycle Economics
Selecting the optimal storage technology requires aligning application operating profiles and mandatory characteristics 
with appropriate cell chemistries. System design decisions directly impact long-duration reliability, safety, and ultimate 
levelized cost of energy storage.



BATTERY CHEMISTRY FOCUS

Technology Comparison: One Common Framework
Technology Main Strength Main Trade-off Maturity

LFP Safety, cycle life, mature deployment Energy density Commercial

NMC Energy density Material, thermal and cost 
considerations Commercial

Sodium-ion Material diversification, potential cost Lower energy density, developing 
ecosystem

Commercializi
ng

Redox flow Long-duration potential, decoupled P/E Footprint, balance of plant Commercial*

Solid-state Potential safety and energy density Manufacturing and interface 
challenges Emerging

Zinc-based Material availability, diverse 
architectures Energy density and maturity vary Emerging*

Metal-air Long-duration potential Rechargeability, efficiency, power 
density Emerging


KEY TAKEAWAY: No single chemistry solves all use cases. Commercial chemistries (LFP, NMC) dominate current 
deployment, while emerging options target niche application trade-offs like ultra-long duration or material 
availability.



BATTERY CHEMISTRY FOCUS

Application Determines Technology Selection
Application Important Characteristics

Frequency regulation Fast response, power capability

Solar shifting Energy capacity, duration, cycle life

Peak shaving Power, tariff profile, dispatch control

Long-duration storage Energy cost, duration, lifecycle

Backup power Reliability, availability, safety

Fast charging support High power, response, grid constraints

insightsSTRATEGIC SELECTION METHODOLOGY
Application Requirements Drive Battery Selection
Key Message: Application → operating profile → required battery characteristics → 
technology selection.



FAST CHARGING FOCUS

What Makes Charging Fast?

CORE CHARGING SPEED FACTORS

Charging Power & Acceptance
350 kW is a peak rating, not a continuous guarantee. Vehicle 
must accept power.

Charging Curve & State of Charge
Speeds taper as SoC rises to protect battery health and 
prevent plating.

Temperature, Chemistry & Thermal Mgmt
Cell chemistry limits and thermal dissipation dictate safe 
energy intake.

TECHNOLOGY DEVELOPMENTS

High-Power DC & 800V+ Architectures
Higher voltage reduces current, heat generation, and 
cable thickness.

Improved Chemistries & Preconditioning
Advanced materials & thermal pre-heating optimize cell 
acceptance.

Smart Control & Thermal Systems
Active liquid cooling and dynamic vehicle-to-charger 
protocols.

 REAL-WORLD APPLICATION & KEY TAKEAWAY

Peak Charger Power ≠ Guaranteed Charging Speed
A 350 kW charger is only a maximum delivery rating. Actual charging speed is governed by the vehicle's battery 
acceptance rate, current State of Charge (SoC), active thermal management, and cell chemistry restrictions. Modern 
advancements—such as 800V architectures, active liquid cooling, intelligent control protocols, and automated 
battery preconditioning—work together to sustain higher charging power for longer periods across the session.



https://docs.google.com/file/d/1NGnZJaw4Dg9KUKj3qrAJLDz6qBHGIAws/preview


BATTERY SAFETY FOCUS

Safety is a System Property
DEFENSE-IN-DEPTH LAYERS

1. Cell & Module Design — Robust chemistry, physical isolation, 
mechanical damage protection

2. BMS & Thermal Management — Overcharge/discharge 
prevention, active cooling

3. Detection & Suppression — Gas/fire detection, active fire 
suppression systems

4. Isolation & Emergency Response — Propagation barriers, 
system shutdown, safety standards

RISKS & MITIGATION

Thermal Runaway & 
Propagation — Cell/module barriers

Electrical Overcharge / Short 
Circuit — BMS protection

Mechanical Damage & Gas Risk 
— Gas/fire detection

Standards & Testing 
Compliance — Rigorous validation

 KEY TAKEAWAY
Safety is a Cell-to-System Engineering Issue
Safety cannot be achieved through battery chemistry alone. It requires an integrated, 
multi-layered defense architecture across cell design, module structures, BMS monitoring, 
active thermal management, early gas/fire detection, suppression, isolation protocols, and 
compliance with stringent testing standards to ensure true operational safety.



https://docs.google.com/file/d/13hl4OmKVNn7Iozy8i7IInlzfb-Sxufzz/preview


https://docs.google.com/file/d/1Tu0TBzvdPI9BP4j95iQHOopKlOtATCCa/preview


BATTERY CHEMISTRY FOCUS

Cell Technology Determines BESS Performance

FOUNDATION
Chemistry


Creates the core 

possibilities: energy 
density, voltage, 
power capability, 

safety, and material 
availability.

QUALITY
Cell Design


Cell design and 
manufacturing 

determine 
consistency: capacity, 
resistance, matching, 

and reliability.

DEGRADATION
Operations


Operating conditions 

determine ageing: 
temperature, C-rate, 
depth of discharge, 
SOC, and charging 

strategy.

INTEGRATION
System Eng.


Converts cell 
capability into 

performance via BMS, 
thermal management, 

PCS, EMS, and 
protection.

EVALUATION
Full Lifecycle


Considers total 

value: performance, 
degradation, safety, 

total cost, 
maintainability, and 

recycling.


STRATEGIC TAKEAWAY
Right Chemistry and Engineering Drive Optimal Application Fit
The future of BESS is not defined by one “best” battery chemistry—it is defined by selecting the right 
cell technology for the required application and operating profile. Aligning chemistry, manufacturing, 
operational strategy, and system engineering ensures optimal performance and lifetime value.


