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Introduction

A resilient electricity distribution entity is one that

tracks and radically adopts technological advancements

within the fraternity.

Resilience requires proper and failproof revenue streams - and this is
most critical, to sustain the business
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Revenue Protection: 

A broad set of processes that utilities employ to prevent,
detect, and respond to energy theft and other
unaccounted for energy
- Electric Power Research Institute
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Revenue Protection Standards and Requirements

➢“Subsequent recalibration of
metering system components
requires the same full laboratory
process as for new components.
On-site testing and calibration is
acceptable for this purpose if the
requirements of this code of
practice are complied with” (NRS
057:2009; Ch. 4.4.3.4)

➢“Metering system” consists of the 
energy meter(s) as well as the 
instrument transformer(s).

NRS 057:2009 / SANS 474:2009- verification of the current transformers   
(CT) and voltage transformers (VT) i.e., Metering System

CUSTOMER LOAD CT & VT ACCURACY 
VERIFICATION 
INTERVAL

> 10MVA class 0.2 5 years

100kVA to 10MVA class 0.5 10 years

<100kVA class 1 20 years
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NRS 055:2011 : 
Revenue Protection :

best practices in the 
field of revenue 
protection & outlines 
the basic procedures, 
resources and training 
for utilities to ensure 
good revenue 
protection. 

Revenue protection 
and credit control 

should be ongoing

processes and 

not regarded as 
once-off actions

Auditing Process :

process of verifying the 
integrity of a metering 
installation including the 
meter, the associated
equipment, seals and 
data : best revenue 
protection tool to
detect technical & non-
technical losses
including Tampering. 

Revenue Protection Standards and Requirements
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METER AUDIT METHODOLOGY

Acquisition & Inspection of 
Metering Point 

Documentation - / AMR 
DATA and Database setup as 

well as historic invoice / 
sample to site

Meter Board 
Access & 

Installation 
Verification –

CRITICAL 
PLANNING FOR MV 

INSTALLATIONS

Metering Unit And 
Peripherals Test

Rectification 

& Re-test ON SITE

Rectification 
Reporting & 

Documentation ..

RECOVERY 

Meter Audit Process is comprised of:

.
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Equipment

To successfully conduct a meter audit, an entity must invest in quality equipment that 
conform to regulations and standards set out by governing bodies, namely;

Equipment used must conform to:

1. Measurement accuracy class higher than or equal to that of the test specimen 
(meter)

2. acceptable accuracy resolutions

3. measurement uncertainty levels as per governing regulations
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Equipment
KoCos Metes 325

Field instrument specifically designed to cover 
all aspects of metering installation, 
commissioning and maintenance activities. 
Including the calibration of single and three 
phase energy meters, and meter installation 
audits.

The Metes 325 allows for a non-intrusive meter 
and CT’s accuracy verification.
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KoCos METES 325  - (non-intrusive 
Tester) – LV Meters

• Multi phase Meter Calibration / 
Accuracy Verifier

• Accuracy class of 0.05%

• Test Reports fully
ISO 17025 compliant

• Online CT Ratio
verification functionality
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Process Overview: Test sheet

• Meters - ZM305,405,410 
Specific

• Provision for:

• Customer Data

• Meter Constants

• Meter Registers 



Omicron CPC100

Powerful testing device with a multitude  of 
capabilities primary used in testing a wide range 
of electrical power equipment.  Integrated into 
MV  meter audit activities – test instrument 
transformers (VT’s and CT’s ). 

Customer supply disconnected when testing 
instrument transformers.

This Instrument is a MUST for every Power 
Distributor

Equipment – MV Meter Testing
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CPC100- MV Metering Units

• CPC 100 – Complete 

• Computer laptop  

• Omicron Primary Test Manager (PTM) 
Software

TEST

• CT Ratio Test

• VT Ratio Test 

• Meter Secondary Verification i.e., 
METES 325
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TECHNICAL ERRORS

➢Meter failure
➢Active meter protection 

(pkzm, fuses)
➢CT Failure /retest after 

installation (verify 
equipment)

NON-TECHNICAL ERRORS
➢ Illegal connections
➢Bypasses
➢Human error 
• Incorrect meter programming (wrong CT 

ratios)
• Installation of different CT ratios (for one 

installation)
• Incorrect meter wiring
• Incorrect installation of metering 

peripherals 

Common Errors
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TECHNICAL ERRORS

NON-TECHNICAL ERRORS

CRITICAL EQUIPMENT 

Remedies

➢ Test all metering equipment before 
dispatch to field 

➢ Routine meter audit & inspection for 
older installations (<5 years).

➢ Test and Audit all new installations at 
commissioning

➢ Test and Audit all new installations at 
commissioning

➢ Carry out regular training on best 
systems installation practices

➢ KoCos 325
➢ Omicron CPC 100
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Typical Issues
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Case Studies

Meter Audits conducted in Namibia during period 2020 - 2022

Entity  A:
Meters Audited : 244
Pass Rate: 78%
Total Under-recovery: N$ 8,9 million p.a.

68%

16%

16%

Cause of Meter Failures

Meter Wiring Meter Programming Equipment Failure

17%

18%

12%
6%

47%

Meter Wiring Issues

Incorrect phase
rotation procedure

CT Parallel Branching

Swapped Meter
Terminals

Missing Terminal
Connections

Reversed CT's
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Case Studies

Entity B:
Meters Audited :  158
Pass Rate: 79%
Total Under-recovery: N$ 9.2 
million p.a.

24%

27%

49%

Cause of Meter Failures

Meter Wiring Meter Programming Equipment Failure

Meter Audits conducted in Namibia during period 2020 - 2022
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Statistical forecast on a 
national level …

20% failure?
Revenue?



Issues and corrections

ISSUE  ERROR FACTOR

1 CT missing / Open Error? -33% (1/3) Correct with: 1.5

1 CT Reverse Polarity Error? -50% Correct with: 2

2 CTs Phase Swapped Error? 100% Correct with: measure

2 CTs Reverse Polarity Error? export Correct with: -3

CT 1000/5 - one CT 800/5 Error? fraction Correct with: 1.083333 =(1/1*((1000/5)/(800/5))+2)/3

One Voltage Only Error? -66% 3

SWER Installation Error? ..

150/5 CT Programmed while 500/5 CTs installed. Error? calc 3.33

Meter Paralleling Error? calc 2
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 Wrong CT ratio programmed into the meter. (300/5 but 

150/5 CTs installed on site) 

Blue phase CT reversed.

Meter input voltage phases B & C swapped.

1phase unmetered ( high load imbalance).

Parallel brige on metering CT curcuit - Current Division.

CT's installed in reverse direction, All voltages swapped.

Phase B CT faulty.

Phase A & B CT's reversed.

Faulty CT's (Phase A & Phase C)

Wrong CT ratio programmed into the meter. (400/5 but 

600/5 CTs installed on site) 

All 3 ph. CTs P1-P2 reversed and faulty.| CTs ratio not 

corresponding to class limit.

Wrong  CT wiring. (Phase rotation not done correctly) 

 Phase Rotation not done correctly .  Meter wrongly wired. 

Current & Voltage inputs to meter swapped. 

CTs faulty. Ratio not corresponding.

Voltage Inputs to meter swapped.

Wrong CT ratio programmed into meter. 150/5 while 250/5 

CTs installed on site. 

CTs Incorrect wiring - Current division

Phase B CT (P1-P2) reversed. Export Observed on meter.

CTs reversed(K-L)/2. Voltage inputs to meter swapped 

150/5 CT ration programmed into meter while 500/5 CT 

installed on site 

CTs wrongly wired/ In parallel, current to meter devides 

Voltage inputs to meter swapped. (Phase rotation) 

CT's reversed,  Phase A , B & C voltage inputs swapped.

Voltage cuts on phases A & B (Meter Protection Fuses 

Blown)

CT's reversed, Phase A & C meter current inputs swapped - 

Phase A & B voltage inputs swapped.

Error Description 



Case Studies : Revenue Recovery
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Loss Recoveries

Possible Audit Outcomes Next Step

Installation Pass Document, File

Customer Undercharge Evaluate extend of undercharge and 
recover 

Customer Overcharge Evaluate extend of overcharge and 
reimburse customer
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REVENUE 
RECOVERY

Recovery – guideline | 
implement forward

Prescription Act 68 of 1969, 
and engage client to enable 
repayment on favourable 
terms, 
e.g., discuss? no escalation or 
interest, 3 years payback etc.

Firm recovery as required by 
ECB (Electricity Control Board) 
guidelines. 
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Backdated revenue … 20-30 Mio recoverable per client ….



MANAGE YOUR REVENUE STREAM –
CRITICAL PATHS
Structure 

• Technical and Finance / Commercial Department interaction 

• Agreements – all signed and available (incl. deposit payments)
• Impacting: NET Meter installations/limitations

• Metering / QoS Department : REPORT to TECHNICAL TEAM

• METERING -> to BILLING

• Exception reports  and validation

• BILLING – invoicing

CRITICAL EQUIPMENT 

• Installation verification – 3 Tier Process

• KoCos 325

• Omicron CPC 100
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RECOMMENDATIONS

▪ Routine meter audit & inspection for older installations (<5 years) / SANS 

▪ Training

▪ Standards

▪ Installation standards

▪ Minimum Requirement on meter installations / templates

▪ Contractors Compliance pre-energizing

▪ Access to meter-points by 3rd parties esp. PV installations pose a risk

▪ Installation Procedure 

▪ Installation

▪ Verification

▪ Audit

3 LEVEL PROCESS
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THE END

THANK YOU
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