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Abstract—Accuracy is perhaps the most important attribute
of high-end metering. The overall accuracy of a metering instal-
lation is dependent on a combination of the accuracy of the meter
and the instrumentation transformers. Optimization of the ana-
log-to-digital converter (ADC) resolution and the time averaging
period in the root mean square (rms) calculation can improve
meter accuracy. This paper shows that appropriately changing
either of these characteristics can increase the overall metering
accuracy.

I. INTRODUCTION

Today, a number of electric utilities expect high-end meters
to deliver accuracy that exceeds the ANSI C12.20 0.2 accu-
racy class specification—in some cases by more than four
times. This transition has taken the “industrial grade” electric
meter to the realm of precision laboratory equipment. Is this
major shift in precision warranted? If so, should ANSI C12.20
reflect this shift?

II. INSTRUMENTATION TRANSFORMER ACCURACY

Instrumentation transformers are not 100% accurate and
contribute to the total system error in any revenue metering
system. Assuming a Gaussian distribution (a bell curve), the
transformer error is:

ePT =VeVT? +£CT> (1)
Where:
eVT is the error of the voltage transformer
€CT is the error of the current transformer

ePT is the transformer error (combined measurement er-
ror of the voltage and current transformer pair)

Consider the typical meter installation where both the cur-
rent and voltage instrument transformers have an error of
0.1%. By Equation 1, the transformer error, PT, is:

ePT =4/0.1%2 +0.1%>

ePT =0.141%

III. METER ACCURACY EFFECTS ON SYSTEM ACCURACY

Using the same principle outlined above, the total system

error is:
eS=veM? +¢PT? 2)
Where:

€S s the error of the system
€M is the measurement error of the meter

Consider a meter with a measurement error, eM, of 0.2%
and transformer error, ¢PT, of 0.141% from the example
above. The system error, €S, is then:

£S=+v0.2%2 +0.141%>

€S =0.245%

Notice that the total system error is greater than the error of
any one component but statistically less than the sum of the
parts. If we assume a wholesale price of $0.03/kWh, a 10 MW
load, and a system error of 0.245% from the previous exam-

ple, an equivalent dollar value of the measurement error is:
10 MW 'M +0.245% = 56438
kWh yr

Now consider a meter with a measurement error of 0.05%,
similar to today’s high-end meters, installed at the same loca-
tion. The total system error of the extraprecision meter is:

eSgp =V0.05% +0.141%°

£Spp =0.140%

Where:
€Sgp is the total system error with the extraprecision me-
ter combined with the 0.141% transformer error
The equivalent dollar value of the extraprecision system is:

10 MW » $0.03 $3942
kWh yr

The difference of $2496 is enough to justify the purchase
of an extraprecision meter with a payoff of approximately one
year.

This begs the question, “Do further increases in accuracy
produce favorable results?” Assume an ultraprecision meter
with an error of 0.02%. The total system error is:

eSup = V0.02%2 +0.141%

eSyp = 0.142%

*0.150% =

Where:

€Syp is the total system error with the ultraprecision me-
ter combined with the 0.141% transformer error
Notice that the difference between the system error and the
transformer error is only 0.001%, yielding a difference of only
$200 per year between a system with an extraprecision meter
and one with an ultraprecision meter.



One could argue that the difference is $2000 on a 100 MW
load and, therefore, the increased precision is justifiable. How-
ever, no vendors presently offer a 0.02% revenue meter, and if
such a device were available, it would cost at least twice as
much as the extraprecision meters available today. Addition-
ally, in order to test this new 0.02% meter, the utility would
need to invest in a watt-hour standard with at least 0.002%
accuracy: a required investment of approximately $35000.

Perhaps the ANSI C12.20 committee should consider a
0.05% accuracy class. It has a noticeable impact on system
accuracy and is readily available. However, accuracies beyond
0.05% are of little practical significance.

IV. ANALOG-TO-DIGITAL CONVERSION IN HIGH-END
ELECTRIC METERS

Most electronic meters use analog-to-digital converters
(ADCs) to change the analog voltage and current waveforms
that are present at the meter terminals into digital values that
represent the waveform magnitudes at a given point in time.

Meter vendors often capitalize on the perception that more
is better and convince utilities that meters with higher-
resolution ADCs outperform meters with lower-resolution
devices. High-resolution ADCs have more quantization levels,
or counts, than do lower-resolution counterparts. However,
these counts do not directly relate to watt-hour measurement
accuracy.

The number of counts, or output values, of an n-bit ADC is:

Counts, =2" 3)

By Equation 3, the number of counts of a 12-bit ADC and
16-bit ADC is:

Counts,, = 2"
Counts, = 4096
Counts 4 = 65536

Given a CL20 revenue meter with a current measurement
range of 0-22 A rms, the quantization error with a 12-bit ADC
is:

1 22A
Qp=srr——

2 Counts;, —1 4)
€Q,, =2.69 mA

Where:
€Q), is the quantization error of a 12-bit ADC.

This means that every output value, or count, of the ADC
has an incremental value of 2.69 mA. Although the highest
measurement point of ANSI C12.20 is 20 A, Equation 4 as-
sumes a design margin of 10%. Equation 4 uses a multiplier of
0.5 because the analog waveform is always between quantiza-
tion levels, and the ADC will round up or down accordingly.
That is, the error is never one full count but half a count.

Similarly, the quantization error of a CL20 revenue meter
with a 16-bit ADC is:

1 22A
Q=5 ——

2 Counts; —1 ®)
€Qs =168 tA

Resolution is improved 16 times between the 16- and
12-bit devices. How might this affect meter registration? The
registration of any single measurement point at a test current
of 2.5 A for the 12- and 16-bit systems, respectively, is:

ely, = 23 A-Qu *100%
25A

el = 99.8926%

el =222 =561 90
25A

el = 99.9933%

Where:
el), 1is the instantaneous registration of a 12-bit ADC
eljs is the instantaneous registration of a 16-bit ADC
Upon first inspection, the difference in registration appears
substantial—greater than 0.1%. However, it is important to
note that revenue meters do not calculate watt-hours directly
from instantaneous measurements. Revenue meters calculate
energy values from time-averaged rms measurements. During
the rms measurement (or averaging), some quantization errors
will be positive and some will be negative. Statistically, the
root sum square provides a method for determining the effects
of quantization errors for averaged values.
Assume a one-second average of 8,000 samples. The regis-
tration of the averaged 12-bit system is:

1,81122
€A, = =99.9988%

80

5

The registration of the averaged 16-bit system is:

=99.9999%

The difference in accuracy between the 12- and 16-bit
time-averaged systems is 0.0011%. Today’s watt-hour stan-
dards cannot measure such differences, and the minimum de-
mand interval is typically greater than one minute. Therefore,
ADC resolution is not an indication of watt-hour measurement
accuracy.

V. CONCLUSIONS

This paper illustrates that several factors influence meter-
ing system accuracy. The metering system accuracy is a func-
tion of both the accuracy of the meter itself and the accuracy
of the instrumentation transformers. Increasing the meter ac-
curacy far beyond the accuracy of the instrumentation trans-
formers produces diminishing returns.

The combination of ADC resolution and the number of
samples in the time-averaged rms period affects meter accu-
racy. It is not simply a function of the ADC resolution. Chang-



ing these characteristics can improve the accuracy of the meter
installation to an extent.

Finally, increasing meter accuracy beyond 0.05% requires
the use of ultraprecision watt-hour standards for verification.
The cost of such watt-hour standards is often prohibitive.
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