
C O N V E N T I O N A L  E L E C T R I C  M E T E R I N G  ·  4 5 – 6 0  M I N

Conventional Electric Metering:
Protecting the Measurement
Chain
An evidence-led study of how service configuration, meter form, instrument

transformers, installation, testing, seals and asset records combine to protect
revenue measurement and consumer trust.

ORIGINAL METRO POWER PAPER

Second edition · 30 August 2026 · Review before project use



PUBLICATION CONTROL

A traceable educational edition.
This record separates publication authority from project approval. It identifies what was researched,
what remains limited and when the source base must be reviewed again.

EDITION

Second edition - Version 2.0

Released 30 August 2026

CLASSIFICATION

Technical paper - controlled educational
edition

Review before project use

LEAD AUTHOR

Metro Power Technical Publications Team

Organizational authorship

TECHNICAL REVIEW

Independent reviewer to be named

No individual credential is implied

EDITOR

Metro Power Academy Editorial Desk

Structure, clarity and citation control

NEXT SOURCE REVIEW

30 August 2027 or earlier if a controlling
issuance changes

Earlier if a controlling issuance changes



A B S T R A C T

What this paper examines.
This paper explains revenue metering as a measurement chain extending from

service configuration and instrument transformers through installation, test

evidence, sealing, data interpretation, troubleshooting and asset control. It connects

metrological integrity with utility accountability and consumer trust.

IN  SCOPE

Direct-connected and transformer-
operated electricity metering

Accuracy evidence, installation and
troubleshooting

Philippine revenue-metering
controls and procurement

LIMITATIONS

Does not approve a meter type,
test procedure or installation

ANSI and IEC terminology must
not be mixed without an explicit
mapping

The exact utility specification and
ERC evidence control project
acceptance



P H I L I P P I N E  A P P L I C A B I L I T Y A N D  S O U R C E  A U T H O R I T Y

Guidance, drafts and controlling authorities are not
interchangeable.

AUTHORITY · Energy Regulatory Commission

INSTRUMENT ·

Resolution No. 08, Series of 2026

STATUS · Philippine primary authority

USE ·

Testing and maintenance of meters and instrument transformers

AUTHORITY · Energy Regulatory Commission

INSTRUMENT ·

18 March 2025 advisory on unapproved meters and false evidence

STATUS · Philippine primary advisory

USE ·

Type approval, testing, sealing and evidence authenticity

AUTHORITY · Energy Regulatory Commission

INSTRUMENT ·

Citizen’s Charter 2025

STATUS · Current service procedure reference

USE ·

Meter type approval and acceptance-test processes

AUTHORITY · IEC

INSTRUMENT ·

IEC 62053-22:2020

STATUS · Published international standard · exact part and edition must match the meter

USE ·

Transformer-operated static active-energy meter type tests

https://www.erc.gov.ph/Issuance-Detail/47882
https://www.erc.gov.ph/Advisory-Singular/84142
https://www.erc.gov.ph/Content-Singular/84562
https://webstore.iec.ch/en/publication/29987


A C R O N Y M S  A N D  W O R K I N G  T E R M S

Use the same language at every decision gate.

CT Current Transformer PT Potential Transformer

MTA Meter Type Approval MSP Metering Service
Provider

RMSP Retail Metering Services
Provider

TOR Terms of Reference
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What you should be able to explain after
reading.

F L A G S H I P  T E C H N I C A L  E D I T I O N

Conventional metering as a controlled
measurement chain
This paper explains how service configuration, instrument transformers,
wiring, meter selection, installation, testing and records combine to protect
revenue measurement.

9 chapters 11 original figures 3 worked cases 45–60 minute study

T H E  M E T E R  C A N  B E  A C C U R AT E  A N D  T H E  B I L L  C A N  S T I L L  B E  W R O N G

A reversed current-
transformer polarity

Trace the complete revenue-measurement chain01

Identify configuration and installation errors that accuracy class alone cannot prevent02

Control product, test, seal and asset evidence03

Prepare conventional metering records for future modernization04



does not look
dramatic. Its effect
can be.
A new meter passes its bench test. Its nameplate matches the purchase order.

Yet the installed register is low because one instrument-transformer circuit is

reversed. The meter did exactly what the signals told it to do. The measurement

chain failed.

Revenue measurement is not a box on a wall. It is a traceable relationship

between the electrical service, sensing elements, conductors, configuration,

physical asset and business record. Accuracy class matters, but it cannot correct

the wrong form, ratio, polarity, phase association or billing multiplier.

The correct question is not only “Is the meter accurate?” It is “Is the
complete installed measurement chain correct, secured and
traceable?”



01
THE MEASUREMENT CHAIN

Revenue accountability crosses electrical
and information systems.

Energy begins as voltage and current at a service point. In a direct-connected installation,

those quantities reach the meter through its terminals or socket. In a transformer-rated

installation, current transformers and sometimes potential transformers scale them first. The

meter applies its configuration, forms registers, and sends or displays values that become

billing records.

Every link can introduce error. An incorrect service assumption can select the wrong meter

form. A ratio mismatch can scale otherwise correct pulses. A serial-number mismatch can

assign good data to the wrong account. A silent database edit can hide the physical

discrepancy rather than resolve it.



F I G U R E  1

The revenue-measurement chain

1 Electrical service

2 CT/PT if used

3 Wiring and enclosure

4 Revenue meter

5 Seal and asset record

6 Billing system

How to read this figure. A reliable bill depends on every link. Component accuracy is necessary, but the
installed chain and business association determine the final measurement.

CONTROL POINT

When a result looks wrong, investigate the chain in order. Do not replace the meter first and assume the problem is

solved.



02
SERVICE CONFIGURATION

Selection begins with the circuit, not the
catalogue.

Document voltage, phase, wire count, frequency, grounding arrangement, expected current,

direct or transformer-rated connection and utility practice. Then identify meter form or

connection diagram, socket or terminal arrangement, accuracy class, current class, demand

and register needs, pulse or communication interfaces, environmental conditions and sealing

requirements.

Two meters can look interchangeable while their internal connection, service application or

test basis differs. ANSI and IEC traditions also use different terminology and construction

conventions. Never translate between them from appearance or a remembered model. The

controlling specification and approved evidence decide suitability.



F I G U R E  2

Configuration is a set of linked decisions

Service
phase · wires · voltage

Measurement
direct · CT · CT/PT

Interface
form · socket · terminal

Function
registers · demand · pulses

Evidence
standard · tests · utility approval

How to read this figure. Each layer constrains the next. Skipping the service basis makes later model
selection unreliable.

TOR DISCIPLINE

Atomize requirements and attach exact evidence. “Industry standard” and “equivalent” are not evidence of compliance.



03
DIRECT AND TRANSFORMER-RATED METERING

Instrument transformers preserve a scaled
electrical relationship.

A current transformer produces a secondary current related to the primary current by a

defined ratio and polarity. A potential transformer does the same for voltage where required.

The meter configuration and billing system must use the same effective ratios as the installed

equipment. Phase association must be preserved so that voltage and current pairs describe

the same phase.

CT circuits require specialized safety practices. An energized CT secondary should not be

opened casually because hazardous voltage can develop. PT secondary circuits have

different hazards and protection needs. Work belongs to qualified personnel following the

utility’s approved procedure.



F I G U R E  3

Ratio and polarity travel from primary circuit to bill

Primary
400 A

CT secondary
5 A

Billing
× verified multiplier

How to read this figure. A correct meter reading can still become an incorrect primary value if installed ratios,
configured ratios and billing multipliers do not agree.

WORKED CASE 01

A multiplier mismatch
A 400:5 CT installation is configured and billed as though the CT were 200:5.

01 The physical ratio is 80:1; the assumed ratio is 40:1.

02 Primary energy derived using the wrong ratio is approximately half the value associated with the

physical CT, before considering other factors.

÷ 80:1
m

eter registers



03 Corrective work must reconcile CT nameplates, wiring, meter configuration, billing multiplier, effective

dates and affected records.

LESSON

Do not “fix the bill” without documenting and resolving the physical and configuration evidence.

F I G U R E  4

Polarity establishes direction and phase relationship

P1 → P2
primary reference

S1 → S2
secondary reference

Meter input
matching phase and direction

How to read this figure. Conceptual view only. Reversal can subtract or distort contribution depending on the
circuit and meter algorithm. Use approved diagrams and phasor evidence.



04
WHAT ACCURACY MEANS

Accuracy evidence has a scope and
boundary.

An accuracy class is defined by a standard, edition, test conditions and error limits. It does

not mean zero error, and it does not automatically describe the complete installation. Starting

current, load range, power factor, temperature, influence quantities and meter technology

affect the applicable tests and interpretation.

A certificate should be matched to the exact manufacturer, model, revision, configuration and

standard claimed. A family brochure is not a type-test report. A test report for one variant may

not cover another without an explicit relationship. Where evidence is silent, the status is “not

stated,” not “complies.”



F I G U R E  5

Four evidence layers answer different questions

Standard
What must be tested?

Type evidence
Did this design meet it?

Routine/bench test
Did this unit perform?

Field acceptance
Is this installed chain correct?

How to read this figure. Do not use a higher-level document to replace missing lower-level evidence.

WORKED CASE 02

The exact model is missing from the
certificate
A bid requires stated compliance, but the supplied certificate names a related family and not the offered suffix.

01 Record the requirement and exact offered configuration.



02 Classify the current evidence as not stated or confirmation needed, depending on who can establish
coverage.

03 Request a written model-coverage explanation or exact report from the principal.

04 Do not rewrite the gap as compliance to complete the matrix.

DECISION

Bid only with the gap visible and within the customer’s clarification rules and management’s risk decision.



05
INSTALLATION AND COMMISSIONING

The field record joins the physical asset to
the account.

Acceptance commonly begins with identity: serial, model, ratings, seals and physical

condition. It then confirms the installation against the approved diagram, checks configuration

and ratios, performs functional or accuracy tests required by procedure, records initial values,

photographs the installation and binds location and customer identifiers.

A powerful field record is reproducible. Another authorized person should be able to identify

what was installed, which documents governed the work, what tests were performed, what

settings were used, who witnessed them and what exceptions remain.



F I G U R E  6

Commissioning creates an evidence package

01 Identity

02 Approved diagram

03 Configuration

04 Test result

05 Seal record

06 Photo and location

07 Customer link

08 Sign-off

How to read this figure. The package should travel with the asset record and remain linked through
replacement, investigation and retirement.

STOP CONDITION



A serial mismatch, broken seal, unapproved substitution, unclear ratio or undocumented configuration change must be

reconciled through authorized records before the affected process continues.



06
TESTING AND TROUBLESHOOTING

Use measurements to discriminate
causes.

A complaint does not prove a defective meter. Review consumption history, service changes,

account association and event records. Inspect the installation safely. Compare phase

voltage, current, angle, direction and configured ratios with the approved service. Use

known-load, reference-standard or site-test methods only as authorized and interpreted

within their uncertainty.

Phasor information can expose reversed polarity, crossed phases, missing voltage or

unusual power factor. A zero or low register can also result from bypass, open voltage

circuits, shorted CT inputs, configuration, communications or billing mapping. The

investigation should preserve evidence before changing the condition.



F I G U R E  7

Troubleshooting moves from symptom to discriminating
evidence

Billing symptom

History and identity

Safe inspection

Electrical measurements

Configuration and ratios

Reference comparison

Root cause and correction

How to read this figure. Each observation should increase or decrease confidence in a cause. Avoid replacing
parts without learning why the system failed.



WORKED CASE 03

Low registration after a meter replacement
Consumption falls abruptly on the replacement date, while the customer reports no operational change.

01 Secure the old and new asset identities, readings, configuration and work order.

02 Compare service, form, ratio, multiplier and phase evidence.

03 If one phase contribution is negative, inspect polarity and phase association under approved safety

procedure.

04 Correct the controlled cause, retest, document effective time and route billing review through authorized

governance.

LESSON

The replacement date is a strong clue, not a complete diagnosis.



07
ASSET, SEAL AND DATA CONTROL

Traceability protects both utility and
consumer.

Serial numbers, seal identifiers, installation location, customer association, firmware or

configuration where relevant, test records and custody history form the asset’s identity.

Changes should be authorized, timestamped and attributable. Corrections should preserve

the original record and reason rather than overwrite history silently.

Seals are controls, not proof that everything behind them is correct. A complete seal process

defines issuance, custody, installation, removal, exception handling and reconciliation.

Photos support evidence but do not replace structured records.



F I G U R E  8

The meter lifecycle is an auditable chain of custody

Receive

Bench test

Issue

Install

Inspect

Replace

Return

Retire



How to read this figure. Every transition needs identity, authority and evidence. Gaps become revenue,
dispute and accountability risk.



08
UTILITY AND CONSUMER VALUE

Good metering is a shared trust
infrastructure.

For utilities, controlled metering supports revenue completeness, loss investigation, asset

visibility, defensible billing and efficient field work. For consumers, it supports transparent

measurement, fair dispute handling, clear meter identity and confidence that corrections

follow an accountable process.

Conventional metering also prepares the organization for modernization. Clean service data,

asset identities, installation standards and exception workflows are prerequisites for AMI.

Digitizing a weak asset register does not repair it; it scales its errors.



F I G U R E  9

The same controls create value on both sides of the meter

UTILITY

revenue assurance · field control · planning data · auditability

SHARED CONTROL

identity · accuracy · evidence · authorized correction

CONSUMER

fair billing · transparency · explainable investigation · confidence

How to read this figure. Trust is strongest when measurement quality and dispute evidence improve together.



09
PROCUREMENT AND MODERNIZATION

Specify evidence, not adjectives.
A technical schedule should turn each requirement into a testable statement: service, form,

ratings, accuracy, registers, interfaces, enclosure, environmental performance, markings,

standards, samples, tests, documentation, warranty and delivery. The compliance matrix

should retain clause numbers and assign only evidence-backed statuses.

Before award, separate verified facts, assumptions, missing customer data, principal

confirmations and management approvals. Before AMI migration, clean the service inventory,

customer-meter relationship, installation exception backlog and configuration records. A

modern communications layer cannot compensate for the wrong physical association.



F I G U R E  1 0

Evidence maturity determines procurement confidence

6 Installed acceptance

How to read this figure. Marketing language sits at the beginning, not the end, of technical verification.

1 Claim

2 Datasheet

3 Exact certificate

4 Configuration evidence

5 Sample or test



F I G U R E  11

Five decision ledgers prevent accidental claims

VERIFIED
Exact traceable evidence

ASSUMED
Visible working basis

MISSING
Owner and deadline

PRINCIPAL
Written confirmation needed

MANAGEMENT
Residual risk decision

How to read this figure. Keep uncertainty visible until it is resolved by the correct authority.

FIELD REFERENCE

Minimum inputs for a controlled metering
decision.



A complete schedule prevents the field team, supplier and billing group from solving different versions of the same

installation.

01

Service basis
Nominal and maximum voltage, phase, wire count, frequency, grounding, expected current, load character and approved

service diagram. Record the physical observation and the authoritative utility classification separately when they

disagree.

02

Measurement method
Direct-connected or transformer-rated; CT and PT ratios, accuracy classes, burdens, polarity references, test switches,

secondary grounding and safety procedure. State whether transformation occurs in meter configuration, billing or both.

03

Meter configuration
Exact form or connection, current and voltage ratings, accuracy class, registers, demand interval, time base, display,

pulse or communication outputs, multiplier behavior and firmware/configuration identifier where controlled.

04

Physical interface
Socket or terminal block, enclosure, conductor size, sealing points, environmental exposure, clearances, mounting,

accessibility and approved installation drawing.

05



Evidence and acceptance
Applicable standard and edition, exact model coverage, type and routine evidence, samples, bench tests, field tests,

tolerances, witness requirements, records and authority for acceptance.

06

Business association
Customer and service identifiers, meter serial, installation location, initial reading, multiplier, effective timestamp,

tariff/register mapping, work order and responsible approvals.

FAILURE REFERENCE

Common failures, evidence and first control
action.
The first action protects evidence and safety. It is not automatically the final repair.

01

Wrong meter or form
Evidence: nameplate, approved schedule, service diagram and terminal mapping. First action: hold energization or

replacement work and reconcile the exact service requirement.

02

CT polarity or phase error
Evidence: approved polarity diagram, phasor data, secondary measurements and controlled inspection. First action:

preserve readings and configuration, establish safe test conditions and verify each phase relationship.



03

Ratio or multiplier mismatch
Evidence: CT/PT nameplates, meter settings, billing configuration, historical changes and effective dates. First action:

stop silent data correction and open a cross-functional reconciliation record.

04

Serial or account mismatch
Evidence: physical serial, photos, GPS/location, work order, customer association and system audit trail. First action:

quarantine affected transactions until physical and digital identity agree.

05

Seal or custody exception
Evidence: issued seal register, installed identifiers, photographs, removal authority and custody history. First action:

secure the installation and escalate under the approved tamper or exception process without presuming cause.

06

Unexpected registration
Evidence: load history, customer changes, voltage/current/angle, configuration, event record and reference comparison.

First action: formulate competing causes and collect discriminating evidence before disturbing the condition.

WORKING GLOSSARY



Terms to use precisely.

Meter form

A standardized connection arrangement defining how meter elements and terminals relate to a service. It is not merely the case shape.

Current class

A rating convention describing the meter current application under the applicable meter system and standard. Interpret it with the exact form and
evidence.

CT ratio

The relationship between primary and secondary current under specified conditions, such as 400:5.

Polarity

The marked instantaneous directional relationship between instrument-transformer primary and secondary terminals.

Burden

The load imposed on an instrument-transformer secondary circuit, including connected devices and conductors.

Multiplier

A factor used to translate the meter register into primary quantities. Its source and application must be controlled.

Accuracy class

A standards-defined error-performance category under stated conditions, not a promise of zero field error.

Creep or no-load behavior

Meter behavior assessed under the applicable standard when voltage is present and load current is absent or below defined conditions.

Starting current

A standards-defined low-current condition at which the meter must begin and continue registration as required.

Phasor



A representation of sinusoidal magnitude and phase angle useful for checking phase association, direction and power factor.

Traceability

The ability to connect a result or asset through documented identifiers, standards, calibrations, custody and authorized actions.

As-left record

The verified condition, settings, identifiers, readings and seals after authorized work is completed.

APPLY THE PAPER

Questions for a real measurement-chain
review.

SOURCE REGISTER

What exact electrical service and connection diagram control the installation?01

Do physical, configured and billing ratios agree?02

Which exact standard, edition, model and configuration does each certificate cover?03

Can the utility reproduce the installation and test decision from its records?04

What evidence distinguishes a meter fault from a wiring, ratio or account-association issue?05

Are asset and seal changes authorized, timestamped and auditable?06

Which conventional-data defects must be corrected before AMI migration?07



Primary references for continued study.
This Metro Power paper is educational synthesis. Confirm the exact standard edition, utility procedure, customer TOR and Philippine regulatory
requirements before project use.

01 ANSI C12 Meter Standards
National Electrical Manufacturers Association

Official overview of ANSI C12 electricity-metering standards.

Open source ↗

02 IEC 62052-11: Electricity metering equipment, General requirements
International Electrotechnical Commission

General requirements and test conditions; confirm current applicable edition.

Open source ↗

03 IEC 62053 series: Particular requirements
International Electrotechnical Commission

Accuracy-class and meter-technology standards catalogue.

Open source ↗

04 IEC 61869 series: Instrument transformers
International Electrotechnical Commission

Instrument-transformer standards catalogue; confirm applicable part.

Open source ↗

05 Handbook for Electricity Metering
Edison Electric Institute

Industry reference context; access and edition may vary.

Open source ↗

S E C O N D - E D I T I O N  T E C H N I C A L R E V I E W

Second-edition evidence review: uncertainty,
installation and revenue-chain integrity

https://www.nema.org/docs/default-source/standards-document-library/ansi-c12.1-2022-contents-and-scope.pdf
https://webstore.iec.ch/en/publication/28212
https://www.iec.ch/
https://www.iec.ch/
https://www.eei.org/


A meter can pass a laboratory test and still produce an incorrect revenue result when

service configuration, transformers, wiring, constants, time or asset identity are wrong.

01

Accuracy class is not total installation error

Meter error, CT ratio and phase displacement, PT performance, burden, wiring, voltage drop,
environmental conditions and data processing can contribute to the result.

02

Control identity and configuration

Serial number, form, voltage, current class, constant, CT/PT ratio, location, account and seal
record must agree before billing reliance.

03

Preserve the evidence chain

Type approval, acceptance testing, sealing, installation, in-service testing and removal records
answer different questions and should remain traceable.

Revenue-metering acceptance needs evidence beyond the meter face.

Control point

Service configuration

Question

Does phase, wire, voltage and current match?

Evidence

Approved service data and field verification

Typical error

Wrong form or voltage basis

Control point



Instrument transformers

Question

Are ratio, class, burden and polarity correct?

Evidence

Nameplate, certificates and secondary tests

Typical error

Ratio or polarity error

Control point

Meter

Question

Is the exact type approved and tested?

Evidence

ERC records, test report and serial match

Typical error

Similar model substituted

Control point

Installation

Question

Are terminals, phases, seals and constants correct?

Evidence

Commissioning record and photographs

Typical error

Crossed phases or wrong multiplier

Control point

Billing record

Question

Does system configuration match the field asset?

Evidence



End-to-end register and bill reconciliation

Typical error

Correct measurement multiplied incorrectly

W O R K E D  E V I D E N C E  C A S E

A small configuration error with a large billing effect

A transformer-operated account has a true CT ratio of 400:5, or 80:1. The billing
system is mistakenly configured at 300:5, or 60:1. The meter records 12,500
secondary Wh-equivalent units for the billing calculation.

Correct primary-equivalent quantity uses multiplier 80: 12,500 × 80 = 1,000,000
units.

Incorrect billing uses multiplier 60: 12,500 × 60 = 750,000 units.

The account is understated by 250,000 units, or 25 percent of the correct result.

A meter bench test could still pass because the error is in configuration, not
meter accuracy.

Close the issue through field ratio confirmation, system correction, controlled
rebilling review and root-cause action.

DECISION LESSON

Revenue integrity belongs to the complete measurement and data chain, not
only the tested meter.

FA I L U R E - M O D E  R E V I E W

What to challenge before commitment.

Similar product assumed to share approval

Unapproved type or configuration may be offered

Evidence: Exact model-specific ERC record



CT burden or secondary wiring ignored

Installed performance can differ from component test

Evidence: Burden and circuit verification

Seal recorded without identity reconciliation

Tamper control attaches to the wrong asset record

Evidence: Serial, seal, account and location match

ANSI and IEC classes treated as equivalent labels

Requirement and evidence are misinterpreted

Evidence: Explicit standard and class mapping

VERIFIED CONTEXT

ERC requires type approval for revenue watthour meter types and testing and sealing before
installation under its published advisory

ERC Resolution No. 08, Series of 2026 addresses testing and maintenance of meters and
instrument transformers

VERIFY FOR THE PROJECT

Exact meter-type approval and acceptance status

Utility-specific specification, test procedure and meter-shop requirements

Applicability of retail metering service provider rules to the transaction

PROJECT GATE

Offer only the exact model and configuration supported by current approval, test,
utility and installation evidence.



Educational publication only. This paper does not certify equipment, establish project compliance, replace professional engineering or

guarantee performance, savings, approval or commercial outcome. Confirm the controlling TOR, current regulations, site data, selected
configuration and responsible authority before procurement, installation or operation.


