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“Every battery stores energy. Engineering determines how much of that
energy can be used effectively over the product’s lifetime.”
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2.1 Why Battery Chemistry Matters

The battery is the only source of stored energy available to most smart water meters
throughout their operational life. Unlike mains-powered equipment, battery-powered devices
cannot replenish consumed energy after deployment. Every measurement, computation,
memory operation, and wireless transmission must therefore be supported by a finite energy
reserve established before the product enters service.

Selecting an appropriate battery is consequently one of the earliest and most influential
engineering decisions during product development.

However, battery selection should not be based solely on nominal capacity.

A battery with higher rated capacity does not necessarily deliver longer operational life if its
characteristics are incompatible with the electrical, environmental, or communication
requirements of the product.

Engineers must instead evaluate battery chemistry as one element within a complete energy
management system.

Key considerations include:

Usable capacity under the expected load profile
Self-discharge characteristics

Operating temperature range

Peak pulse current capability

Internal resistance over product lifetime
Mechanical size constraints

Long-term storage behaviour

Safety and transportation requirements

Cost and supply chain availability

Each of these characteristics influences how much of the battery's stored energy can be
converted into useful work during the intended service life.

Battery Selection Is a System Decision
Battery chemistry should never be selected independently of the product architecture.
For example:

* A communication technology requiring frequent high-current radio transmissions
places different demands on the battery than a low-duty-cycle sub-GHz RF design.

* A firmware architecture that aggressively minimises processor wake-ups may
achieve the same service life using a smaller battery than a less efficient
implementation.

» A utility deployment in tropical climates introduces different ageing behaviour
compared with deployments in temperate regions.

Consequently, battery selection must always consider:

e Hardware architecture
e Firmware behaviour
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e Communication technology
e Environmental conditions
e Ultility operational requirements

rather than battery specifications alone.

Common Battery Chemistries in Smart Water Metering

Although numerous battery technologies exist, long-life smart water meters primarily utilise
primary lithium batteries because of their high energy density, low self-discharge, and
wide operating temperature range.

The two chemistries most commonly encountered are:

Battery

Chemistry Typical Characteristics Typical Applications
Lithium Very high energy density, Long-life AMI devices with low
Thionyl extremely low self-discharge, average current and infrequent
Chloride excellent long-term storage, communication

(Li-SOCI.) relatively high internal resistance
Lithium Lower energy density, lower Devices with more frequent

Manganese internal resistance, stronger communication, higher pulse loads,
Dioxide pulse capability, simplified pulse | or applications requiring greater
(Li-MnQO) handling tolerance to dynamic current

demand

Both chemistries are widely used in the industry.
Neither should be regarded as universally superior.

The appropriate selection depends upon the complete system design and expected
operating profile.

Engineering Insight

Battery chemistry should be selected to match the behaviour of the
complete product, not simply to maximise nominal capacity.

Practitioner Observation

Battery discussions often begin with ampere-hour ratings. Experienced product teams
usually begin elsewhere by defining communication behaviour, reporting frequency,
operating environment, expected storage period, and overall energy budget. Only after
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these system-level requirements are understood does battery selection become
meaningful.

Key Takeaways

« Battery chemistry is a system-level engineering decision.

* Nominal battery capacity alone is an insufficient selection criterion.

* Hardware, firmware, communication behaviour, and deployment conditions all influence
battery suitability.

+ Successful battery selection aligns chemistry with the expected operational profile of the
complete product.

Product Requirements

Hardware Firmware Communication

Battery Chemistry Selection

Long-Term Battery Life

Figure 2.1 — Battery Selection Within the Engineering System
Battery chemistry should be selected after considering the complete engineering system rather than
as an isolated component decision.

2.2 Lithium Thionyl Chloride (Li-SOCI.)

Lithium Thionyl Chloride (Li-SOCI.) has become the preferred battery chemistry for many
long-life smart water metering applications because it offers one of the highest energy
densities among commercially available primary lithium batteries.

Combined with an extremely low self-discharge rate under controlled storage conditions,
Li-SOCI: cells are capable of supporting products designed for operational lifetimes
exceeding ten years.

For this reason, Li-SOCI. batteries are widely used in:

e Smart water meters
e Smart gas meters
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Utility AMI devices
Industrial loT sensors
Asset tracking devices
Remote monitoring systems

However, selecting Li-SOCI. should not be viewed simply as choosing the battery with the
highest capacity.

Like every engineering decision, it involves trade-offs that must be understood and
managed.

High Energy Density

One of the primary advantages of Li-SOCI. chemistry is its exceptionally high gravimetric
and volumetric energy density.

This enables engineers to:

Increase operational lifetime without increasing enclosure size.
Maintain compact product dimensions.

Reduce field battery replacement frequency.

Support low-duty-cycle devices over extended service periods.

For applications where communication occurs infrequently and average current consumption
is extremely low, Li-SOCI: provides an excellent balance between stored energy and
physical size.

Extremely Low Self-Discharge

Under standard laboratory conditions, many Li-SOCI. manufacturers specify a typical
self-discharge rate of approximately 1% per year at 25°C.

This characteristic makes the chemistry particularly suitable for products requiring:

Long warehouse storage
Extended transportation
Multi-year field operation

Low maintenance requirements

However, these values should not be interpreted as fixed engineering constants.

Actual self-discharge depends heavily on operating temperature, storage duration,
manufacturing quality, and cell design.

In tropical deployment environments, where battery temperatures may approach 50°C,
self-discharge can increase significantly. Depending on the battery manufacturer and cell
construction, annual self-discharge may increase to approximately 5-12%, substantially
reducing the energy available for useful work.
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For long-life smart water meters deployed in warm climates, battery ageing and
self-discharge may consume more energy over the product lifetime than the electronics
themselves.

Consequently, battery life estimation should always incorporate realistic temperature
assumptions rather than relying solely on laboratory specifications.

High Internal Resistance

The same chemistry that provides excellent energy density also exhibits relatively high
internal resistance compared with some other primary lithium batteries.

This characteristic has important implications.

While average current consumption remains very low, instantaneous current demand during
radio transmission may be considerably higher.

Communication technologies such as NB-loT, LTE Cat 1 bis, or firmware update operations
can require short-duration current pulses significantly greater than normal standby operation.

If these peak current requirements are not properly considered during system design, the
battery voltage may temporarily collapse, potentially leading to:

Communication failures
Processor resets

Brownout events

Reduced usable battery capacity

Accordingly, engineers should evaluate pulse capability, not simply nominal capacity, when
selecting Li-SOCI: cells.

Passivation

One characteristic unique to Li-SOCI. chemistry is the formation of a passivation layer on
the lithium anode during extended periods of very low current discharge or storage.

Passivation is a normal electrochemical phenomenon that helps reduce self-discharge and
contributes to the chemistry's excellent storage life.

However, after prolonged inactivity, the passivation layer may temporarily increase internal
resistance.

When the device subsequently demands a high current pulse, the battery voltage may
initially drop more than expected until the passivation layer is partially broken down.

Engineers should therefore understand that passivation is not a battery defect.
It is @ normal characteristic that should be considered during:

e Battery qualification
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e Pulse load testing
e Firmware design
e Communication scheduling

Engineering Considerations
Successful Li-SOCI. designs typically include:

Ultra-low quiescent current hardware.

Efficient firmware scheduling.

Controlled communication behaviour.

Careful management of high-current events.

Battery voltage monitoring throughout product life.

Qualification testing under realistic pulse loads and temperatures.

Rather than relying solely on manufacturer specifications, engineers should validate battery
behaviour under the expected operating conditions of the finished product.

Engineering Insight

Li-SOCI. delivers exceptional long-term energy storage, but its full
potential can only be realised when the hardware, firmware, and
communication architecture are engineered to work with the battery's
electrochemical characteristics rather than against them.

Practitioner Observation

Many battery discussions focus on nominal capacity and advertised service life. During
product development, experienced engineering teams often spend considerably more
effort evaluating pulse behaviour, passivation effects, voltage recovery,
communication current profiles, and long-term ageing than comparing capacity
figures alone. These factors frequently determine whether a design performs reliably
after many years in the field.

Key Takeaways

» Li-SOCI. remains the dominant chemistry for long-life AMI applications because of its
high energy density and low self-discharge.

» Laboratory self-discharge specifications should not be applied directly to tropical
deployments without considering operating temperature.

» High internal resistance and passivation require careful hardware and firmware design.

» Pulse capability is often more important than nominal capacity during
communication-intensive operations.
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» Battery qualification should always be performed using realistic operating conditions
rather than relying solely on datasheet values.

Li-SOCI. Battery

Advantages Considerations
Vv High energy density < High internal resistance
Vv Low self-discharge « Passivation behavior
v Long storage life « Pulse load management
v Wide temperature range « Temperature-dependent ageing

|

Long-Life Smart Water Meter Design

Figure 2.2 — Characteristics of Li-SOCI. Batteries
Li-SOCI. provides excellent long-term energy storage, but successful implementation requires careful
consideration of pulse behaviour, passivation, and environmental conditions.

2.3 Lithium Manganese Dioxide (Li-MnO:)

While Lithium Thionyl Chloride (Li-SOCI.) has become the dominant chemistry for long-life
utility metering applications, Lithium Manganese Dioxide (Li-MnO:) has gained increasing
attention for battery-powered loT devices that experience more frequent communication
activity or higher pulse current demand.

Rather than maximising stored energy, Li-MnO: offers a different balance between energy
density, pulse capability, internal resistance, and system simplicity.

For certain product architectures, these characteristics may simplify hardware design and
improve operational robustness.

Lower Internal Resistance

One of the most significant characteristics of Li-MnO. batteries is their relatively low internal
resistance.

Compared with Li-SOCI. cells of similar size, Li-MnO: batteries generally respond more
effectively to rapid changes in load current.

This makes them well suited for applications involving:

*  Cellular communication

* Frequent wireless transmissions
* High peak current pulses

» Short-duration processor activity
» Dynamic operating profiles
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Because voltage drop during high-current events is generally lower, communication sessions
can often be completed with reduced concern for transient voltage collapse.

Pulse Capability

Many modern communication technologies require substantial current for relatively short
periods.

Examples include:

NB-loT attachment procedures

LTE Cat 1 bis transmission

Firmware over-the-air (FOTA) updates
Network registration

Alarm-triggered transmissions

Li-MnO: batteries generally exhibit stronger pulse capability than Li-SOCI. batteries of
comparable size.

As a result, some product architectures may eliminate the need for auxiliary pulse-assist
circuitry that would otherwise be required to support high-current events.

This simplification can reduce overall system complexity while improving voltage stability
during communication.

Simplified Power Architecture

Because Li-MnOQ:. batteries typically tolerate transient current demand more effectively,
hardware designers may be able to simplify portions of the power supply architecture.

For example:
e Reduced dependence on large pulse-assist capacitors
e Simpler transient current management

e |Improved voltage stability during transmission

However, these potential advantages should always be evaluated against the overall energy
requirements of the application.

Lower Energy Density
The principal trade-off is energy density.

Compared with Li-SOCI., Li-MnO: batteries generally provide less stored energy for the
same physical size.

Consequently:

e Operational lifetime may be shorter under identical load conditions.
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e Larger batteries may be required to achieve equivalent service life.
e Product size constraints may become a limiting factor.

Therefore, Li-MnO: should not be viewed as a direct replacement for Li-SOCl..

Instead, it represents a different engineering optimization.

Engineering Selection Criteria
When evaluating Li-MnO: batteries, engineers should consider:

Expected communication frequency
Peak transmission current

Product dimensions

Required operational lifetime
Operating temperature

Hardware architecture

Firmware power management strategy

Battery selection should always support the intended system behaviour rather than being
driven solely by chemistry.

Engineering Insight

The best battery chemistry is not the one with the highest energy
density. It is the one whose characteristics best match the electrical
behaviour of the complete system.

Practitioner Observation

The industry often compares battery chemistries using a single specification such as
capacity or nominal lifetime. In practice, engineers evaluate multiple characteristics
simultaneously, including pulse capability, voltage stability, communication behaviour,
product size, and long-term reliability. Selecting the most appropriate chemistry is
therefore an exercise in system optimisation rather than component comparison.

Key Takeaways

» Li-MnO: provides lower internal resistance and stronger pulse capability than Li-SOCl..

* It may simplify power supply design for communication-intensive devices.

* Lower energy density means operational lifetime should be evaluated carefully against
application requirements.
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» Battery chemistry selection should be based on complete system behaviour rather than

individual specifications.

Table 2.1 — Engineering Comparison of Primary Lithium Battery Chemistries

Characteristic Li-SOCI.
Energy density . 0.0.0.8.¢ %k
Self-discharge (25°C) Very Low Low
Pulse capability Moderate High
Internal resistance Higher Lower
Long-term storage Excellent Good
Typical service life Excellent Good
Suitability for infrequent Excellent Good
communication
Suitability for frequent pulse Moderate Excellent

loads

System complexity

May require additional pulse
management

Potentially simpler
architecture

Note: Actual performance depends on battery design, manufacturer, load
profile, operating temperature, firmware behaviour, and product architecture.
The comparison above illustrates general engineering characteristics rather than

absolute performance.
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Primary Lithium Batteries

Li-SOCL Li-MnO.
High energy density Strong Pulse Capability
Low self-discharge Lower Internal Resistance
Long storage life Better Dynamic Load Response

! |

Communication-Intensive

Long-Life Devices Devices
Engineering Decision Based on Complete System Design

Figure 2.3 — Engineering Trade-offs Between Li-SOCI. and Li-MnO:
Different primary lithium battery chemistries optimize different aspects of system performance.
Selection should be driven by application requirements rather than a single specification.

2.4 Battery Capacity Is Not a Constant

One of the most common misconceptions in battery-powered product design is that a
battery's rated capacity represents a fixed amount of usable energy under all operating
conditions.

In reality, the usable capacity of a battery depends on how that energy is extracted.

Factors including discharge current, pulse duration, operating temperature, cell ageing, and
communication behaviour all influence the amount of energy that can be delivered before the
battery reaches its end-of-life voltage.

Consequently, the nominal capacity printed on a battery datasheet should be regarded as a

reference value measured under defined laboratory conditions, rather than a
guaranteed amount of usable energy in every application.

The Effect of Discharge Current

Primary lithium battery manufacturers typically specify battery capacity using a defined
discharge current under controlled laboratory conditions.

However, practical testing demonstrates that the measured capacity changes as the
discharge current changes.

In general:
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e |Lower discharge currents allow the battery to deliver more usable capacity.
e Higher discharge currents reduce the amount of usable energy that can be extracted
before the terminal voltage reaches the specified cut-off level.

For example, during battery qualification it is common to observe:

Discharge Current Typical Usable Capacity

10 mA Highest usable capacity
100 mA Moderate reduction
500 mA Noticeably lower usable capacity

The exact values depend on battery chemistry, manufacturer, temperature, and test
conditions. Nevertheless, the engineering trend is consistent:

As discharge current increases, usable battery capacity generally
decreases.

This behaviour should be considered when estimating service life for
communication-intensive smart water meters.

Why This Matters for Smart Water Meters
Smart water meters rarely discharge their batteries using a constant current.
Instead, they exhibit a highly dynamic load profile consisting of:

* Long periods of ultra-low sleep current.

* Periodic sensor measurements.

« Short-duration processor activity.

« EEPROM writes.

* Radio transmissions with high peak current.
* Occasional firmware updates.

+ Alarm-triggered communication.

Although the average current may be extremely low, communication events can demand
significantly higher instantaneous current.

Consequently, battery behaviour under pulse loading often provides a more realistic
indication of field performance than continuous low-current discharge tests alone.

Capacity Testing Should Reflect Product Behaviour

Battery qualification should therefore reproduce the expected operating profile of the finished
product as closely as practical.

Rather than relying solely on datasheet capacity, engineers should evaluate battery
performance under representative conditions, including:
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* Multiple discharge currents (e.g. 10 mA, 100 mA, 500 mA).
* Pulse loading representative of communication activity.

» Different operating temperatures.

+ Battery ageing.

*  Product-specific duty cycles.

This provides a more accurate understanding of usable energy throughout the intended
service life.

Engineering Insight

Battery capacity is not a fixed engineering constant. It varies according
to how the battery is used. Therefore, battery life estimation should be
based on the expected load profile rather than nominal datasheet
capacity.

Practitioner Observation

During battery qualification, engineers frequently observe that identical batteries produce
different measured capacities when tested under different load conditions.

For battery-powered smart water meters, this means that qualification should not rely on a
single capacity measurement. Instead, testing should evaluate the battery across the range
of electrical conditions expected during actual operation, particularly where short-duration
communication pulses dominate the energy profile.

Key Takeaways

Nominal battery capacity is measured under defined laboratory conditions.
Usable capacity changes with discharge current and operating conditions.
Higher current generally results in lower usable capacity.

Smart water meters experience dynamic rather than constant load profiles.
Qualification testing should reflect the actual electrical behaviour of the finished
product.
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Useable Capacity
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Increasing Discharge Current

Figure 2.4 — Effect of Load Current on Usable Battery Capacity

Usable battery capacity generally decreases as discharge current increases. Actual behaviour
depends on battery chemistry, manufacturer, operating temperature, and discharge profile.

2.5 Battery Self-Discharge and Temperature
One of the least appreciated contributors to long-term battery life is battery self-discharge.

Unlike current consumed by electronics, self-discharge occurs continuously, regardless of
whether the device is operating, sleeping, or even installed in the field.

Every battery gradually loses stored energy through internal electrochemical reactions.

Although this process is relatively slow under controlled laboratory conditions, it becomes
increasingly significant over the long service life expected of smart water meters.

For products designed to operate for ten to fifteen years, battery self-discharge should be

treated as an engineering design parameter rather than an unavoidable background
characteristic.

Laboratory Specifications Versus Field Reality
Battery manufacturers typically specify self-discharge under standard laboratory conditions.
For many primary lithium batteries, published values are commonly around:

e Approximately 1% per year at 25°C

These figures provide a useful reference for comparing battery chemistries.
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However, they should not be interpreted as the expected behaviour of batteries deployed in
actual utility environments.

Field deployments rarely operate under constant laboratory conditions.

Smart water meters installed across tropical regions may experience prolonged exposure to
elevated temperatures due to:

*  Outdoor meter chambers

* Underground enclosures

+ Direct solar heating

* High ambient temperatures
*  Poor ventilation

Under these conditions, battery self-discharge may increase substantially.

Depending on the battery chemistry, manufacturer, and operating temperature, annual
self-discharge at approximately 50°C may increase to around:

*  5-12% per year

These values vary between manufacturers and should therefore be verified using the
specific battery selected for the product.

Temperature Accelerates Battery Ageing
Temperature influences battery performance in multiple ways.
Higher operating temperatures may:

Increase self-discharge.
Accelerate electrochemical ageing.
Increase internal leakage.

Reduce long-term usable capacity.
Shorten effective service life.

Consequently, battery life calculations based solely on room-temperature specifications often
overestimate achievable field performance in tropical climates.

For long-life utility products, realistic operating temperature assumptions are therefore
essential.

An Often-Overlooked Engineering Observation

As ultra-low-power electronics continue to improve, modern smart water meters can achieve
extraordinarily low sleep current.

Through careful hardware selection and firmware optimisation, total idle current may become
extremely small.
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In some long-life product designs, the energy lost through battery self-discharge over
many years may exceed the energy consumed by the electronics while the device remains
in its lowest-power operating state.

This observation has an important implication.

Further reducing standby current does not necessarily translate into equivalent
improvements in overall battery life if battery ageing has already become the dominant
source of energy loss.

At that point, system optimization must extend beyond electronics and include battery
chemistry, storage conditions, deployment planning, and thermal management.

Storage Before Installation Also Matters

Battery ageing begins when the battery is manufactured, not when the smart water meter is
commissioned.

A typical deployment may include:

Battery manufacturing
PCB assembly
Product manufacturing
Factory testing
Warehouse storage
International shipping
Utility inventory
Installation scheduling

It is not uncommon for one to two years to elapse before the product is energised in the
field.

During this period, self-discharge continues to reduce the energy available for future
operation.

Battery life estimation should therefore include storage duration as part of the overall energy
budget rather than assuming the battery begins ageing only after installation.

Engineering Recommendations
When estimating battery life, engineers should:

Use realistic operating temperatures rather than laboratory values.

Include battery self-discharge throughout the complete product lifecycle.

Account for storage time before field deployment.

Validate battery performance under representative environmental conditions.
Reserve adequate engineering margin for battery ageing over the intended service
life.
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Key Takeaways

e Battery self-discharge is a continuous source of energy loss.

Manufacturer specifications are typically measured under controlled laboratory
conditions.

Elevated operating temperatures may significantly increase annual self-discharge.
Battery ageing begins at manufacture, not installation.

Storage duration should be included in battery life estimation.

Long-life optimisation requires balancing ultra-low-power electronics with realistic
battery ageing assumptions.

Engineering Insight

A battery loses energy even when the product consumes none. For
long-life smart water meters, battery self-discharge is part of the energy
budget and should be engineered accordingly.

Practitioner Observation

During battery life estimation, engineering effort often concentrates on reducing
microampere-level standby current. While this remains important, mature designs should
also evaluate the contribution of battery self-discharge over the intended service life. In
tropical deployments, the cumulative energy lost through battery ageing may become
comparable to—or even exceed—the energy consumed during prolonged sleep operation.

Annual Self-Discharge

A
12% —|

10% — O
8%
6% (]
4%
2% L

1% L

A 4

25°C 35°C 50°C

Laboratory Conditions — Tropical Deployment

Figure 2.5 — Temperature Influence on Battery Self-Discharge
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Battery self-discharge generally increases with operating temperature. Actual values depend on
battery chemistry, manufacturer, cell design, and environmental conditions. Laboratory specifications
should not be assumed to represent long-term field performance.

2.6 Practical Battery Selection for Smart Water Meters

Selecting a battery for a smart water meter is rarely a matter of choosing the cell with the
highest capacity or the lowest cost.

Successful battery selection requires balancing multiple engineering considerations while
ensuring that the chosen battery supports the intended operational behaviour of the
complete product throughout its service life.

In practice, battery selection is one of the earliest system-level design decisions because it
influences enclosure dimensions, hardware architecture, firmware behaviour, communication
strategy, qualification methodology, and long-term maintenance planning.

Start with System Requirements

Battery selection should begin by understanding how the product is expected to operate
rather than by reviewing battery catalogues.

Key questions include:

What operational lifetime is required?

How frequently will data be transmitted?

Which communication technology will be used?

What peak current will the communication module require?
What environmental conditions will the product experience?
How long may the product remain in storage before installation?
What level of engineering safety margin is required?

Only after these questions have been answered should battery chemistry and capacity be
evaluated.

Match Battery Characteristics to Product Behaviour
Different products impose different demands on the battery.

For example:
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Product Behaviour Engineering Priority

Daily meter reading High energy density

Frequent Strong pulse capability
communication

Underground installation | Temperature resilience

Long warehouse Low self-discharge
storage

Firmware OTA support Adequate energy reserve

Tropical deployment Realistic ageing
assumptions

The objective is not to optimize a single parameter but to ensure that the battery
characteristics align with the complete operating profile of the product.

Avoid Oversizing the Battery
A common engineering response to battery life concerns is to specify a larger battery.

While increasing battery capacity provides additional stored energy, it does not address the
underlying causes of excessive energy consumption.

Oversizing the battery may introduce unintended consequences, including:

Larger enclosure dimensions
Increased product weight
Higher material cost
Reduced packaging flexibility
More difficult installation

More importantly, a larger battery cannot compensate for:

Inefficient firmware

Excessive communication retries
Poor hardware power management
Unrealistic deployment assumptions

Improving system efficiency generally delivers greater long-term benefits than simply
increasing battery capacity.

Design for the Worst Day, Not the Average Day
Battery life estimates are often based on average operating conditions.

However, products deployed in the field rarely experience average conditions continuously.
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Engineers should evaluate performance under realistic worst-case scenarios, including:

Weak communication coverage
Elevated operating temperatures
Frequent alarm reporting

Battery ageing

Extended storage before installation
Firmware update campaigns
Temporary network instability

Designing for these conditions helps ensure reliable field performance throughout the
intended service life.

Validate Before Production

No battery selection should rely solely on theoretical calculations or manufacturer
specifications.

Before production release, the complete product should be validated under representative
operating conditions, including:

Multiple temperatures

Pulse communication loads
Long-duration discharge
Simulated deployment scenarios
Storage ageing

Production tolerance

Only through validation can engineering assumptions be confirmed before large-scale
deployment.

Engineering Insight

The best battery is not necessarily the largest or the highest-capacity
battery. It is the battery that enables the complete product to achieve
its intended performance reliably throughout its service life.

Practitioner Observation

Successful battery selection is usually the outcome of multiple design iterations rather
than a single calculation. Hardware architecture, firmware optimisation, communication
behaviour, and qualification testing often evolve together before the final battery
specification is established. Treating battery selection as an iterative systems
engineering process generally produces more robust long-term products than making it
an isolated procurement decision.
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Key

Takeaways

Battery selection should begin with system requirements rather than battery

specifications.

Product behaviour determines battery requirements.

Larger batteries cannot compensate for inefficient system design.
Worst-case operating conditions should be included in battery evaluation.
Qualification testing is essential before production release.

Product Requirements

v

Communication Profile

v

Hardware Architecture

v

Firmware Strategy

v

Battery Chemistry Selection

v

Capacity Estimation

v

Qualification Testing

v

Production Release

Figure 2.6 — Practical Battery Selection Workflow

Battery selection should be integrated into the overall product development process rather than

treated as an isolated component selection exercise.
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Summary

Battery chemistry establishes the foundation for long-life smart water meters, but it does not
determine battery life by itself. Throughout this part of the whitepaper, we examined how the
characteristics of primary lithium batteries—including energy density, pulse capability,
internal resistance, self-discharge, temperature behaviour, and usable capacity under
different load conditions—influence overall system performance.

A recurring theme has been that battery specifications must always be interpreted within the
context of the complete engineering system. Selecting the appropriate battery requires
understanding not only the battery itself, but also the hardware architecture, firmware
behaviour, communication profile, environmental conditions, storage period, and expected
operational lifetime.

These principles reinforce the Battery Life Budget Framework introduced in Part 1: battery
energy is a finite engineering resource that must be allocated deliberately across the entire
product lifecycle. The next part of the whitepaper builds on this foundation by examining how
hardware architecture determines how efficiently that energy is used.
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Disclaimer

The views and observations expressed in this paper are the author’s own and are intended
for general industry discussion and educational purposes. They are based on publicly
available research, practical engineering experience, and regional industry observations,
and do not represent the official position, product commitments, customer relationships, or
commercial practices of any employer, client, utility, or affiliated organisation. Utilities should
evaluate deployment decisions within their own operational, technical, regulatory, and
procurement context.
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