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Abstract 

Reliable and accurate metering is an essential requirement for the successful operation of the 

electricity market.  Part 10 of the Electricity Industry Participation Code 2010 specifies the 

acceptable levels of accuracy and good practice requirements for Approved Test Houses 

(ATH) tasked with installing and certifying metering installations.  While mistakes in 

connections and selecting transformer ratios can always occur, there is generally a good level 

of confidence in the accuracy of the numbers extracted from meters. 

 

The success of reliable metering is built on investments by both the private and the 

government sector into technology, training and research.  At the Measurement Standards 

Laboratory (MSL) there has been an ongoing research and development programme to 

support the increasingly challenging needs of the electricity industry.  Accuracy requirements 

to support ATHs have tightened by a factor of fifty over the last three decades and the present 

day accuracies could not have been achieved without the development of MSL’s quantum 

physics based electrical standards.  MSL research into computer algorithms for statistical 

calculations has made it possible to provide training for ATH staff in how to make the very 

best use of all calibration and testing information when certifying a metering installation. 

 

Changing metering technology and changing consumer requirements have triggered an MSL 

pilot investigation into the impact of harmonics on meter accuracy.  There has also been a 

preliminary scoping of the calibration challenges presented by Phasor Measurement Units.  

The challenge for MSL is to identify where there may be gaps in meeting measurement needs 

for the local market that cannot be filled simply by importing a solution.   It is important to 

invest in measurement research and capabilities now if we are going to continue to be able to 

take the accuracy of metering information for granted. 
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Introduction 

Why do we measure things?  When Lord Kelvin spoke at the Institution of Civil Engineers in 

1883 he said 

“…when you can measure what you are speaking about, and express it in numbers, 

you know something about it; but when you cannot measure it, when you cannot 

express it in numbers, your knowledge is of a meagre and unsatisfactory kind…” (1 p. 

73). 

Some more popular attributions are “to measure is to know” or even “if you cannot measure 

it, you cannot improve it”.  However since measurement comes at some cost, it pays to 

understand just how well you need to know a value. 

 

The purpose of a measurement is to aid in the making of a decision.  If no decision or further 

action is required then why make the measurement?  Knowing the cost of making a wrong 

decision guides how much should be spent to make an adequately reliable measurement to 

ensure that the right decision is made.  A mix up between metric and imperial units is widely 

known as the root cause of the failure of the Mars Climate Orbiter in 1999, but a less well 

known contributing cause was the failure to make a trajectory correction in spite of 

measurements clearly showing that a correction was needed (2).  A wrong decision, in spite 

of a correct measurement, meant the last chance to save the USD655M mission was missed. 

 

There are certainly significant risks that need to be managed with electricity supply, ranging 

from vital safety concerns through to maintaining market confidence at the financial trading 

level.  Measurements play a part in managing all of these risks.  Having the capability to 

make a measurement relies on having the right equipment, environment and appropriately 

trained people.  This, in turn, is only possible if the basic research and technology 

development has been carried out to make the measurements possible. 

 

In this paper we will look at the current investment in the measurement infrastructure that 

supports the electricity supply system and then consider what investments we should be 

planning now if we are to develop appropriate measurement capabilities for tomorrow.  

 

National Metrology Institutes 

It is easy to take for granted that the reported value of a measurement is both accurate and 

expressed in terms of the International System of Units (SI) (3).  You expect to be able to 

trust the readings of an instrument, regardless of the manufacturer or country of origin.  It 

should be no surprise that Lord Kelvin, driven by the needs of the rapidly developing 

electricity industries of the late Victorian era, championed the early development of what is 

now the SI (4).  However, it may surprise some to find that development of the SI still 

continues at a rapid pace under the oversight of the International Committee for Weights and 

Measures (CIPM).  Research programmes in 55 member states are coordinated by the CIPM 

in response to the latest scientific discoveries and to the needs of new and innovative high 

technology industries.  The organisations carrying out the research are generically referred to 

as National Metrology Institutes (NMI) and include large organisations such as the National 

Institute of Standards and Technology (NIST) in the USA, the Physikalisch-Technische 

Bundesanstalt (PTB) in Germany and the National Institute of Metrology (NIM) in China. 

 

The Measurement Standards Laboratory of New Zealand (MSL) (5) is NZ’s NMI and 

contributes to the international research effort in measurement.  It is active in four of the ten 

consultative committees (including the Consultative Committee for Electricity and 

Magnetism (6)) that advise the CIPM.  MSL has a long history of research in measurement 
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standards and now continues this as part of Callaghan Innovation, a newly formed crown 

agency.  MSL has an annual budget of around $7 million, predominately provided by NZ 

taxpayers.  

 

A wide range of calibration and training services are routinely offered to industry by MSL 

and all of the services are supported by scientific research programmes.  Electrical, 

temperature, mass, length, pressure, photometry and radiometry capabilities are provided.   

MSL’s calibration and measurement capabilities are all subject to regular independent audits 

including regular major peer reviews of technical expertise by international experts.  There is 

also a continuous programme of international measurement comparisons to ensure that the 

global network of NMIs have confidence in each other’s measurements. 

 

Science Capability 

So what sort of scientific capability is needed to make reliable and internationally recognised 

electrical measurements?  It is thanks to some amazing Nobel-Prize-winning quantum 

physics discoveries of the late 20
th

 century that all electrical measurements now trace back to 

fundamental constants, rather than objects held by the BIPM in Paris.  Two fundamental 

constants, the Planck constant (h) and electronic charge (e), and the definition of the second 

based on the caesium atom are the starting points.  In Fig. 1 there is a representation of the 

measurements required to link the values assigned to an electronic reference wattmeter back 

to the SI.  At each step of the chain there is an investment in equipment and people to ensure 

that the values provided by the experiments are available for New Zealand users when 

required.  

 

On the right hand side there is a scale showing the relative accuracy of measurements, 

starting at 10
-9

 (0.001 parts per million) for the ohm and volt, then steadily increasing to 

2x10
-5

 (20 parts per 

million) for the 

primary reference watt 

standard.  The 

Josephson and 

quantum Hall 

experiments both rely 

on small high-tech 

chips developed 

overseas.  The special 

chips are integrated 

into cryogenic systems 

to establish the 

necessary low 

temperatures at which 

the quantum physical 

effects can be observed.  

The subsequent steps 

of establishing full 

scales of voltage, 

current and impedance, 

all over a range of 

frequencies, are no less 

challenging than the 

 

Figure 1: The values assigned to electronic reference watt meters at the bottom 

of the chart are derived from the agreed SI definitions and values of the 

fundamental constants e and h at the top of the chart. 
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quantum physics experiments.   Every step is subject to constant technical review and new 

techniques developed at MSL are regularly published internationally.  For example the design 

of the watt bridge in Fig. 1 takes a unique approach to establishing a highly accurate 50 Hz 

watt that exploits MSL’s world-leading impedance measurement capability (7). 

 

While quantum physics generates resistance and voltage values at near perfect accuracy in 

liquid helium, a significant amount of precision electronic engineering is required to bring 

these values to the real world.  The 

possibility of introducing small errors 

when interfacing the quantum effects 

with laboratory standards means that 

there is still a need for international 

confirmation that the MSL values are 

adequately correct.  For example, in 

the case of the Josephson voltage 

standard this means that the system at 

MSL is compared directly against a 

similar Josephson system that is flown 

around the world to be compared with 

other NMI Josephson systems.  This is 

an expensive process in which MSL 

has proven its capability in 1995 and again in 2011 (8).  It can be seen in Fig. 2 that MSL’s 

10 V standard is comfortably within 1 part per billion (10 nV) of standards held by other 

countries. 

 

Linking Research to Local Needs 
Research at MSL is driven by identifying likely new needs in industry and planning to deliver 

‘just in time’ research to meet those needs.  The lower line in Fig. 3 summarises the historical 

improvements in accuracy to the standard of electrical energy maintained at MSL.  The upper 

line shows the accuracy required to prove compliance to the specification of instruments sent 

in for calibration. 

Technology development has driven 

a significant improvement in the 

performance of meters used by 

industry.  At MSL, research has 

been required to ensure that 

laboratory instruments were 

developed to better the performance 

of commercially available 

instruments.  The history graph 

shows that it has been possible for 

MSL to stay ahead of requirements 

even though the timely resourcing 

of research has been a challenge.  

Note that deregulation of the 

industry in the mid-1990s led to a 

sudden need for better accuracies at 

just the time when old equipment at MSL was beginning to fail.  The subsequent step 

improvement in capability was the result of a three-year research programme, and further 

 
Figure 2: Differences at 10 V from the agreed reference value 

for a selected subset of participants. 

 

Figure 3: Accuracy against time for meeting instrument 

specifications (upper) and best MSL capability (lower). 
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incremental improvements are ongoing.  Similar improvements were made in current 

transformer calibration. 

 

Other supporting technical developments, such as providing a dial-up computer time 

synchronisation service have evolved into MSL’s NTP network time service and monitoring 

of GPS timing reliability.  MSL contributed in the early stages of GPS development by 

helping identify some timing anomalies over New Zealand due to defective correction 

algorithms. 

 

Engaging With Industry 

Having highly accurate standards on its own is not sufficient to ensure that industry needs are 

met and industry must also have its own systems in place in order to benefit from better 

measurements.  MSL first worked with the Electricity Supply Association in 1994 to operate 

a proficiency testing scheme to determine just how well the many metering calibration 

laboratories were able to perform.  A training course on traceable electrical energy 

measurement was then created by MSL to enhance the competence of technical staff.  At the 

same time MSL engaged with the Electricity Market Company in the development of codes 

of practice for electricity metering.  A key element in the codes was the adoption of 

laboratory accreditation to ISO17025 by Class A Test Houses (through International 

Accreditation New Zealand (IANZ)) and to ISO9000 for Class B Test Houses.  The codes 

and their management have evolved into the Electricity Industry Participation Code, Part 10 

administered by the Electricity Authority.  A unique feature of the codes is that they are very 

much focused on an outcome of minimising the dollars at risk due to metering errors.  In 

other jurisdictions the focus is more on compliance with equipment specifications, with less 

concern for whether or not the overall risk to revenue is minimised. 

 

Current areas of study at MSL relevant to accurate metering include the impact of harmonics 

on metering accuracy, efficient statistical analysis of metering installation errors and the 

performance of transformer impedance analysers.  These all highlight the fact that even after 

measurement technology becomes available internationally, ensuring that the technology is 

properly understood and meets local needs can require significant development effort. 

 

For example it was of 

concern to MSL that 

some international 

research had suggested 

that revenue meters could 

be unduly affected by 

harmonics by as much as 

5% for highly distorted 

waveforms associated 

with dimmer circuits (9).  

A pilot project was 

carried out to examine the 

performance of locally 

available meters in the 

presence of harmonics.  It 

is reassuring that to date, no revenue meter has been found to perform outside its specified 

class accuracy, but there is evidence that some meters do not perform quite as well as 

expected.  Expectations are set by the requirements of IEC standards and a meter is expected 

 
Figure 4: Meter error, in %, relative to error with no harmonic distortion. 

Labels refer to the set of distorted current and voltage waveforms applied. 
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to continue to be accurate when the waveforms labelled ‘phase dimmed’ and ‘narrow pulse’ 

are applied.  In Fig. 4 it is seen that a specific class 1 revenue meter clearly passes the IEC 

test waveforms.  However, when some field recorded waveforms are applied (labelled with 

an NRC prefix) there is a significant shift in the meter error.  While the change does not take 

the meter beyond its accuracy class, it shows that the design of this meter has a weakness not 

exhibited by other similar meters tested at MSL.  A thorough investigation of meter 

performance will require a significant investment to ensure that measurements of harmonic 

levels are traceable to the SI. 

 

Other measurement capabilities in MSL have also found application in this industry.  As part 

of a long running investigation into performance improvements for petrochemical reformers, 

MSL developed a system for measuring the surface emissivity of materials.  When network 

engineers needed to better model the thermal performance of both new and weathered cables, 

MSL was able to carry out relevant emissivity measurements on the cable samples.  Humidity 

measurement capabilities were established at MSL in order to support manufacturing and 

primary industry requirements.  It proved possible to adapt these measurement systems to 

calibrate dew point meters for measuring the moisture content of SF6 and H2 gases used in 

switchgear and generators.  With some further development it might even be possible to 

make non-venting moisture measurements of SF6 equipment. 

 

Challenges 

What are the measurement challenges faced by the industry today and in the future?  At MSL 

we can anticipate some issues with new smart metering, particularly in terms of securing the 

metrology layer of software against tampering.  We are cautiously confident that we will be 

able to meet any demand for improvements in metering accuracy, but we recognise that this 

will take time and a significant portion of available resources.  However, if we look to our 

international colleagues at other NMIs we see that there are several initiatives underway to 

prepare for future needs in the industry. 

 

In Europe the EURAMET SmartGrid project (10) carries the epithet ‘a smart grid is never 

smarter than the quality of its measurements’.  They have identified four areas of scientific 

and technical measurement research relating to Phasor Measurement Units (PMUs), on-site 

energy measurement systems, on-site measurement of power quality and the system-state of 

smart grids. In the USA the programme (11) extends beyond measurement science issues to 

include cybersecurity and smart-grid interoperability standards. 

 

How relevant or necessary is all this additional research into what is largely commercially 

available equipment?  In the case of PMUs the National Institute of Science and Technology 

(NIST) has been active in developing calibration systems for PMUs to ensure that they 

comply with the latest IEEE standard (12).  As of early 2013 NIST found that, after running 

some 80,000 tests, no PMUs fully complied with the 2011 standard.  It can be hoped that the 

relevant manufacturers will have responded to these findings with appropriate improvements, 

but clearly, when network stability is at stake, a properly calibrated PMU is critical.  Chinese 

Taipei was strongly motivated to improve its wide area management of the national grid 

following the blackout of 29 July 1999.  It now has 12 PMUs to monitor the national grid and 

has invested in a calibration system for the PMUs.  Of course PMUs also promise other 

benefits such as the remote calibration of instrument transformers (13). 

 

It is clear that new technologies will continue to alter how electricity is generated distributed 

and consumed.  It often seems that new technologies promising significant efficiency and/or 
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environmental benefits present some risks to power quality.  We would argue that decisions 

relating to the adoption of new technologies need to be informed by impartial scientific 

studies which rely on good measurements.  For example replacement options for street 

lighting present measurement challenges in terms of both determining luminaire performance 

and the impact on power quality. 

 

At a strategic level it is useful to think of risk management processes and the technical 

decisions that are a key part of those processes.  How, and by whom, will measurements be 

carried out to provide reliable input to the key decisions?  

 

Conclusions 

This paper has reviewed the activities at MSL that are relevant to the electricity supply 

industry.  Calibration and training services provided to industry have been made possible by a 

significant ongoing investment into measurement research.  MSL has identified power quality 

measurements as an area likely to benefit from further research, as MSL would then be able 

to support the electricity supply industry with related services and impartial advice on power 

quality.  There are likely other areas that might impact on risk management and efficiencies.  

Where there is a clear consensus at an industry level for future measurement needs MSL can 

start the process of gaining and directing resources towards meeting the need. 

 

Past experience suggests that there is something like a 10 year lag for the output of research 

efforts to be overtaken by industry needs.  What new technologies, with their related 

measurement needs, will be needed 10 years from now?  Future decisions will be based on 

the measurements made by systems you are investing in today.  
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