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“Battery life is not a battery specification. It is a systems engineering 
outcome.” 
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1.1  Why Battery Life Matters in Smart Water Metering 
Battery-powered smart water meters have become one of the key enabling technologies for 
Advanced Metering Infrastructure (AMI). By eliminating the need for external power supplies, 
they enable utilities to deploy smart metering systems across urban, suburban, and rural 
environments with significantly lower installation complexity and operating costs. 
Modern smart water meters support a wide range of digital utility functions, including: 
 

•​ Automated meter reading (AMR/AMI) 
•​ Consumption analytics 
•​ Leak detection 
•​ Reverse flow detection 
•​ Tamper monitoring 
•​ Alarm reporting 
•​ Remote diagnostics 
•​ Firmware over-the-air (FOTA) updates 

 
For these capabilities to deliver value over the lifetime of the meter, the device must continue 
operating reliably for many years without battery replacement. 
For most utilities, replacing batteries in thousands—or even hundreds of thousands—of 
deployed meters is operationally expensive and disruptive. Consequently, battery life is not 
merely a product specification; it is a fundamental determinant of the total cost of ownership 
(TCO) of an AMI deployment. 
 

1.2  How Battery Life Is Commonly Presented 
Battery life is often communicated using simple statements such as: 

•​ “10-year battery life” 
•​ “15-year battery life” 
•​ “One battery for the lifetime of the meter” 

 
While these claims are convenient for marketing, they rarely communicate the engineering 
assumptions upon which they are based. 

Questions that often remain unanswered include: 

•​ Under what reporting frequency was the estimate calculated? 
•​ What communication technology was assumed? 
•​ What signal quality was expected? 
•​ What operating temperature range was used? 
•​ Was battery self-discharge considered? 
•​ Were firmware updates included? 
•​ Was storage time before installation accounted for? 
•​ What engineering safety margin was applied? 

 
Without these assumptions, battery life figures have limited engineering meaning. 
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1.3  Why Battery Life Is Often Misunderstood 
One of the most common misconceptions in battery-powered IoT devices is that battery life 
is determined primarily by battery capacity. 

This assumption appears intuitive. A larger battery contains more stored energy and should 
therefore provide a longer operating life. While this is technically true under identical 
operating conditions, the assumption becomes increasingly inaccurate when applied to 
real-world smart water metering systems. 

In practice, two smart water meters using identical batteries may exhibit dramatically 
different service lives. The difference is rarely the battery itself. Instead, it is the cumulative 
result of engineering decisions made throughout the product development lifecycle. 

Examples include: 

•​ Hardware architecture and component selection 
•​ Overall quiescent current (Iq) 
•​ Firmware implementation 
•​ Communication behaviour 
•​ Reporting configuration 
•​ Wireless signal quality 
•​ Operating temperature 
•​ Battery self-discharge 
•​ Product storage before installation 
•​ Field deployment conditions 

 
Each factor contributes to the total energy consumed during the operational life of the 
device. Battery life should therefore be regarded as an engineering outcome rather than a 
battery specification. 

 

Beyond Battery Capacity 
Consider two smart water meters, each powered by the same 19 Ah lithium battery. Both 
products advertise a projected operational life of ten years. However, their engineering 
implementations differ significantly. 

Device A 

•​ Ultra-low-power hardware architecture 
•​ Nano-power component selection 
•​ Quiescent current below 2 µA 
•​ Optimised firmware scheduling 
•​ Daily scheduled reporting 
•​ Efficient communication sessions 
•​ Minimal retransmissions 
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Device B 

•​ Higher standby current 
•​ Inefficient peripheral management 
•​ Frequent processor wake-ups 
•​ Excessive retry behaviour 
•​ Multiple unnecessary transmissions 
•​ Poor radio signal conditions 

 
Although both devices begin with the same battery capacity, Device B may consume 
substantially more energy over time, resulting in a significantly shorter operational life. The 
battery has not changed. The engineering has. 

 

Every Engineering Decision Consumes Energy 
Battery energy should be viewed as a finite engineering resource. Every system activity 
consumes part of that resource. 

Engineering Activity Battery Impact 

Sleep mode Very Low 

RTC operation Very Low 

EEPROM logging Low 

Sensor measurement Low 

Microcontroller processing Moderate 

Radio transmission High 

Radio retransmission Very High 

Firmware update (FOTA) Very High 

Poor network coverage Potentially Severe 

A long-life smart water meter is therefore not one that simply stores more energy, but one 
that uses every unit of stored energy efficiently throughout its operational life. 

 

Engineering Focus Should Shift from Capacity to Consumption 
When evaluating battery-powered products, engineering discussions should extend beyond 
battery capacity and include questions such as: 

•​ How low is the system quiescent current? 
•​ Which peripherals remain powered during sleep mode? 
•​ How frequently does the device wake? 
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•​ How is communication retry managed? 
•​ What assumptions underpin battery life calculations? 
•​ How much energy is reserved for firmware updates? 
•​ Has storage time before deployment been considered? 
•​ What operating temperature range was assumed? 

 
These questions provide a more meaningful assessment of expected field performance than 
battery capacity alone. 

 

Engineering Insight 

A battery does not determine product lifetime. It only defines the 
amount of energy available. The engineering system determines how 
efficiently that energy is used.  

 

Practitioner Observation 
During engineering discussions, battery capacity is often one of the first specifications 
requested. In practice, experienced engineers frequently spend more time analysing 
current consumption, firmware behaviour, communication efficiency, and environmental 
assumptions than selecting a larger battery. Improving energy efficiency often delivers 
greater long-term benefits than increasing battery capacity. 

 

 

Key Takeaways 
•​ Battery capacity alone does not determine operational life. 
•​ Battery life is the cumulative result of thousands of engineering decisions. 
•​ Reducing energy consumption is generally more effective than increasing stored 

energy. 
•​ Battery life should be evaluated using a systems engineering perspective rather than a 

component-level perspective. 
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Figure 1.1 — Battery Capacity vs Systems Engineering 

Battery life is determined by the interaction of multiple engineering disciplines rather than battery 
capacity alone. 

 

1.4  A Systems Engineering Perspective 
Battery-powered smart water meters are often evaluated by examining individual 
components. Discussions may focus on battery capacity, radio technology, microcontroller 
current consumption, or firmware efficiency in isolation. 

While each of these elements is important, none of them alone determines the operational 
lifetime of the product. 

A smart water meter is a complex engineering system comprising multiple interacting 
subsystems. Battery performance emerges from the behaviour of the entire system rather 
than any single component. This systems engineering perspective recognises that every 
engineering decision influences overall energy consumption throughout the product lifecycle. 

For example: 

•​ Selecting a lower quiescent current regulator may reduce standby consumption but 
increase component cost. 

•​ Increasing the reporting frequency may improve operational visibility but shorten battery 
life. 

•​ Aggressive communication retries may improve data delivery under poor network 
conditions but significantly increase energy consumption. 

•​ Adding additional sensing functions may provide richer diagnostics while increasing 
average current consumption. 
 

None of these decisions should be evaluated independently. The objective is to optimise the 
complete system rather than maximise the performance of individual components. 
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Engineering Is About Balancing Trade-offs 
Long-life battery-powered product design is fundamentally an exercise in engineering 
optimization. Every design decision introduces trade-offs between competing objectives. 

Design Objective Typical Trade-off 

Longer battery life Lower reporting frequency 

Higher data granularity Increased energy consumption 

More frequent diagnostics Higher average current 

Greater communication reliability More retransmissions 

Faster firmware updates Increased temporary power demand 

Additional sensing capability Higher standby and active current 

There is rarely a single optimum solution. Instead, successful engineering seeks the most 
appropriate balance for the intended application. For utility-scale AMI deployments, this 
balance must consider not only device performance but also operational cost, maintenance 
requirements, communication infrastructure, and long-term reliability. 

 

The Product Lifecycle Perspective 
Battery life does not begin on the day a meter is installed. It begins on the day the battery is 
manufactured. Between manufacture and commissioning, the battery continues to age and 
self-discharge during: 

•​ Battery storage 

•​ PCB assembly 

•​ Product manufacturing 

•​ Factory testing 

•​ Warehouse storage 

•​ Shipping 

•​ Distributor storage 

•​ Utility inventory 

•​ Field installation 
 

By the time a smart water meter is commissioned, months—or even years—may have 
elapsed since the battery was produced. This often-overlooked period represents energy 
that is no longer available to support field operation and should therefore be included in 
battery life estimation. 

For example, a utility deployment may involve a two-year period between battery 
manufacture and field installation. Ignoring this storage interval can lead to optimistic lifetime 
projections and unrealistic customer expectations. 
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From Components to Systems 
Traditional engineering questions often include: 

•​ Which battery should be selected? 

•​ Which communication technology consumes less power? 

•​ Which microcontroller has the lowest sleep current? 
 

While these remain important, systems engineering asks broader questions: 

•​ How is the total energy budget allocated across the product lifecycle? 

•​ Which subsystem dominates energy consumption? 

•​ Which activities provide the greatest opportunity for optimisation? 

•​ Which engineering assumptions introduce the greatest uncertainty? 

•​ How should energy be reserved for unexpected events such as firmware updates or 
network degradation? 
 

These questions encourage engineers to evaluate the product as an integrated system 
rather than a collection of independent parts. 

Engineering Insight 

Optimising individual components does not guarantee an optimised 
product. Long battery life is achieved when hardware, firmware, 
communication, qualification, and deployment strategies are 
engineered as one integrated system.  

 

Practitioner Observation 
Many battery life investigations begin with the battery itself. In practice, root cause 
analysis frequently identifies system-level issues such as communication retries, 
firmware behaviour, excessive standby current, or unrealistic operating assumptions. 
Improving these aspects often yields greater benefits than selecting a battery with higher 
nominal capacity. 

 

Key Takeaways 
•​ Battery life is a systems engineering outcome. 
•​ Every engineering decision contributes to total energy consumption. 
•​ Product lifetime should be evaluated across the complete product lifecycle, not only 

during field operation. 
•​ Successful optimisation requires balancing performance, functionality, reliability, and 

energy efficiency. 
•​ Systems engineering provides a more reliable basis for battery life estimation than 

component-level analysis alone. 

Page 8 



Engineering Long-Life Battery-Powered Smart Water Meters — Part 1   |   Vincent Wong   |   v1.0 

  
Figure 1.2 — Systems Engineering View of Battery Life 

Long-term battery performance emerges from the interaction of multiple engineering disciplines 
across the entire product lifecycle. 

 

1.5  Introducing the Battery Life Budget Framework 
Battery life estimation is often presented as a straightforward calculation based on battery 
capacity and average current consumption. While this approach provides a useful starting 
point, it does not adequately represent the complexity of modern battery-powered smart 
water meters. 

In reality, energy is consumed continuously by a wide range of system activities throughout 
the product lifecycle. Some activities occur continuously, such as sleep current and RTC 
operation. Others occur periodically, including sensor measurements, data logging, 
scheduled communications, and firmware updates. Environmental factors such as elevated 
operating temperature and battery self-discharge further reduce the energy available for 
useful work. 

Rather than viewing battery capacity as a single value to be divided by average current, it is 
more useful to regard the battery as a finite energy budget that must be allocated across 
every activity the product is expected to perform. This publication refers to this methodology 
as the Battery Life Budget Framework. 

 

A Different Way of Thinking 
The Battery Life Budget Framework encourages engineers to ask a different set of 
questions. 
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Instead of asking: 

•​ How large is the battery? 

It asks: 

•​ Where is every unit of energy being consumed? 

Instead of asking: 

•​ Can this product achieve ten years of battery life? 

It asks: 

•​ Have all expected energy-consuming activities been accounted for throughout the 
product lifecycle? 
 

This change in perspective shifts battery life estimation from a simplified calculation towards 
a structured engineering exercise. 

 

Every Product Has an Energy Budget 
Every battery begins with a fixed amount of usable energy. From that moment onward, 
energy is continuously consumed by planned and unplanned activities, including: 

•​ Battery self-discharge 

•​ Storage before deployment 
•​ Sleep current 
•​ Real-time clock operation 

•​ Sensor measurements 

•​ Metering electronics 

•​ EEPROM data logging 

•​ Microcontroller processing 

•​ Wireless communication 

•​ Network retries 

•​ Alarm reporting 

•​ Firmware over-the-air (FOTA) updates 

•​ Brownout housekeeping 

•​ Manufacturing and production testing 

•​ Engineering safety margins 
 

Each activity consumes a portion of the available energy budget. Once that energy has been 
consumed, it cannot be recovered. The engineering challenge is therefore not to maximise 
battery capacity, but to allocate the available energy in a disciplined and predictable manner 
throughout the intended service life. 

 

 

Page 10 



Engineering Long-Life Battery-Powered Smart Water Meters — Part 1   |   Vincent Wong   |   v1.0 

A Lifecycle Engineering Model 
One of the strengths of the Battery Life Budget Framework is that it considers the entire 
product lifecycle, rather than only the period after installation. Energy should be allocated 
across three broad phases: 

Before Deployment 
•​ Battery manufacture 

•​ Product assembly 

•​ Factory testing 

•​ Warehouse storage 

•​ Transportation 

•​ Utility inventory 

During Operation 
•​ Sleep current 
•​ Metering 

•​ Sensor measurements 

•​ Communication 

•​ Alarm reporting 

•​ Firmware maintenance 

End-of-Life Management 
•​ Low battery warning thresholds 

•​ Controlled reduction of high-energy activities 

•​ Brownout housekeeping 

•​ Preservation of metering functionality until battery depletion 
 

Considering all three phases provides a more realistic representation of field performance 
than calculations based solely on operational current consumption. 

 

Why This Framework Matters 
The Battery Life Budget Framework provides several practical benefits. It encourages 
engineers to: 

•​ Identify the largest sources of energy consumption. 
•​ Compare alternative design decisions objectively. 
•​ Reserve sufficient energy for unexpected operating conditions. 
•​ Include storage and battery ageing in lifetime estimates. 
•​ Communicate battery life assumptions transparently. 
•​ Validate engineering assumptions through qualification testing. 

 
Most importantly, it provides a common language for discussing battery life across hardware, 
firmware, communication, and utility engineering teams. 
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Engineering Insight 

Battery life is not calculated once at the end of product development. It 
should be engineered continuously by managing a finite energy 
budget throughout the entire product lifecycle. 

 

Practitioner Observation 
During product development, design reviews often focus on individual specifications 
such as battery capacity, sleep current, or communication intervals. The Battery Life 
Budget Framework provides a more holistic perspective by requiring every significant 
energy-consuming activity to be identified, quantified, and justified. This frequently 
reveals opportunities for optimisation that may not be apparent when subsystems are 
evaluated independently. 

 

 

Key Takeaways 
•​ Battery energy is a finite engineering resource. 
•​ Every activity performed by the device consumes part of that resource. 
•​ Battery life estimation should include storage, self-discharge, operational behaviour, 

maintenance activities, and engineering safety margins. 
•​ The Battery Life Budget Framework provides a structured methodology for allocating 

energy across the complete product lifecycle. 
•​ The framework serves as the unifying engineering model for the remainder of this 

publication. 

 

  
Figure 1.3 — The Battery Life Budget Framework 

The Battery Life Budget Framework allocates finite battery energy across the complete product 
lifecycle, providing a structured methodology for battery life estimation and systems engineering. 
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Summary 
Battery life is often presented as a simple specification, yet it is fundamentally the result of 
systems engineering. Throughout this whitepaper, we established that long operational life 
depends on the interaction of battery chemistry, hardware architecture, firmware behaviour, 
communication efficiency, environmental conditions, and deployment practices. 

The Part 1 of this whitepaper also introduced the Battery Life Budget Framework, which 
serves as the central engineering methodology for this publication. The remaining parts will 
examine each contributor in detail and demonstrate how disciplined engineering decisions 
collectively determine long-term battery performance. 

 

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.  

 

About the Author 

 

Vincent Wong (Wong Yew Hon) 

Vincent Wong brings over 25 years of engineering and product leadership 
experience across industrial infrastructure and technology sectors, with the past decade 
focused on smart metering, Advanced Metering Infrastructure (AMI), and NB-IoT 
deployment strategies in ASEAN utility environments. As a senior engineering and 
product development executive, his work spans hardware engineering, connectivity 
systems, and utility digitalization initiatives. His writing focuses on the practical 
operational, connectivity, deployment, and governance realities of smart utility programs 
in Southeast Asia. 
Connect on LinkedIn: linkedin.com/in/vincentwongmy 

 

Page 13 

https://www.linkedin.com/in/vincentwongmy

	1.1  Why Battery Life Matters in Smart Water Metering 
	1.2  How Battery Life Is Commonly Presented 
	1.3  Why Battery Life Is Often Misunderstood 
	Beyond Battery Capacity 
	Device A 
	Device B 

	Every Engineering Decision Consumes Energy 
	Engineering Focus Should Shift from Capacity to Consumption 
	Key Takeaways 

	1.4  A Systems Engineering Perspective 
	Engineering Is About Balancing Trade-offs 
	The Product Lifecycle Perspective 
	From Components to Systems 
	Key Takeaways 

	1.5  Introducing the Battery Life Budget Framework 
	A Different Way of Thinking 
	 

	Every Product Has an Energy Budget 
	A Lifecycle Engineering Model 
	Before Deployment 
	During Operation 
	End-of-Life Management 

	Why This Framework Matters 
	 
	Key Takeaways 

	Summary 
	Disclaimer 
	About the Author 

