Line Loss Compensation References

A. 
1) Recommendation: 
Where the EPS Meter is not located at the Point of Interconnection (POI) to the ERCOT Transmission Grid, actual metered consumption must be adjusted for line and transformation losses to the POI except in the case of line loss only compensation with a calculated % Line Watt Cu Loss less than 0.001%.  The preferred method for loss compensation and correction is via internal meter programming.
2) Reasoning: 
[bookmark: _GoBack]ERCOT- Deviation from 100% registration is one half of the % Watt Copper Loss as calculated by the MWG approved TLC worksheet when using 5 test amps for full load meter testing (Calculations on the spreadsheet use ½ meter class amps, 10 amps, to derive % Watt Copper error). Deviation from 100% registration is equal to the % Watt Copper error at 50% PF). Therefore a % Watt Cu loss less than 0.001% will not be seen on a meter test result utilizing three decimal places.
TDSP 1- Regarding the minimum % Wat Cu Loss threshold, it should be determined by the ability of the meter to do something with the calculated value. We agree with ERCOT’s position that it will be worthless to input a value that can’t be used by the meter as this will be the element doing the loss compensation calculations. 
TDSP 2- Would support ERCOT’s approach discussed in the last meeting. Line loss compensation would not have to be programmed into the meter in cases where the calculated line loss compensation values are so small that there would be no measureable difference (to two decimal points?) between meter “test runs” with and without the compensation applied.

B. 
1) Recommendation: 
Line loss compensation for all Resources where the meter is not located at the Point-of-interconnect (POI), and the “percent watts loss” value is calculated at 0.05 or greater.  Line loss compensation to begin at a conductor length set at “percent watts loss” value of 0.05 and greater.  This recommendation will reduce annual maintenance time and associated cost for EPS metering.  It will also reduce the potential for errors in the configuration of EPS meters; it will also reduce the potential for calculation errors in meter testing and in deriving loss compensation values.  
2) Reasoning: 
The discussion at the previous MWG meeting touched on using the “percent watts line loss” value as a determining factor if line loss compensation in the meter was justified.  Please note in the ERCOT Transformer and Line Loss Compensation Spreadsheet, the “percent watts line loss” calculated value includes the meter point kr and meter coil watts factor multiplier.  The “percent watts line loss” calculation I2R/VI(SQRT 3) is used below.
Utilizing the conductor length, size, rated current, and VLL operating voltage, the “percent watts line loss” value was calculated for conductor length increments up to 0.9 mile.   An associated typical Market energy purchase price was calculated for 1 hr and for 1 year.  The conductor length energy losses (I2R) costs, when compared to the cost of total energy delivered, are small.  For example at $70/MWh “on peak” Market price, for 138kV, 1780 ft 1/C, 795 ACSR @ 924 amp rated current (%watts loss of 0.05) – approximate losses cost $4.42/hr or $39,000/yr; Market Energy delivered price is $77.4M. 
The Energy Market operation is complex, as is the efficient power plant operation.  The many unknowns make it difficult to determine what metering inaccuracy is acceptable for fair and equal treatment in the Market.  See the article excerpt below by Seth Blumsack, Assistant Professor of Energy Policy at the Pennsylvania State University.  While these costs are not specific to the Texas Market they illustrate differences in operating costs by plant type.   
“….Operating costs for power plants include fuel, labor and maintenance costs. Unlike capital costs which are "fixed" (don't vary with the level of output), a plant's total operating cost depends on how much electricity the plant produces. The operating cost required to produce each MWh of electric energy is referred to as the "marginal cost." Fuel costs dominate the total cost of operation for fossil-fired power plants. For renewables, fuel is generally free (perhaps with the exception of biomass power plants in some scenarios); and the fuel costs for nuclear power plants are actually very low. For these types of power plants, labor and maintenance costs dominate total operating costs.”
	Table 5.1: Typical capital and operating costs for power plants. Note that these costs do not include subsidies, incentives, or any "social costs" (e.g., air or water emissions)

	Technology
	Capital Cost ($/kW)
	Operating Cost ($/kWh)

	Coal-fired combustion turbine
	$500 — $1,000
	0.02 — 0.04

	Natural gas combustion turbine
	$400 — $800
	0.04 — 0.10

	Coal gasification combined-cycle (IGCC)
	$1,000 — $1,500
	0.04 — 0.08

	Natural gas combined-cycle
	$600 — $1,200
	0.04 — 0.10

	Wind turbine (includes offshore wind)
	$1,200 — $5,000
	Less than 0.01

	Nuclear
	$1,200 — $5,000
	0.02 — 0.05

	Photovoltaic Solar
	$4,500 and up
	Less than 0.01

	Hydroelectric
	$1,200 — $5,000
	Less than 0.01
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C. 
3) Recommendation: 
Where the EPS Meter is not located at the Point of Interconnection (POI) to the ERCOT Transmission Grid, actual metered consumption must be adjusted for line and transformation losses to the POI if the uncompensated line loss, when combined with the meter system error, exceeds 0.47%.

Where:
S	is the error of the system
LL	is the uncompensated line loss (% Watt Cu calculated at ½ meter class, e.g. calculate at 10A for a 20A class meter)

4) Reasoning:
The proposal above utilizes the existing ERCOT SMOG device accuracy class requirements as a not-to-exceed baseline for allowable uncompensated line loss. The above calculation ensures that uncompensated line loss will not introduce error beyond the accepted limitations. 
The attached technical paper details the below RSS (Root Sum Square) calculation for determining the meter system error.



Where:
S	is the error of the system 
VT	is the error of the voltage transformer
CT	is the error of the current transformer
M	is the measurement error of the meter

By applying the ERCOT maximum allowable accuracy class values for the individual components
VT	0.3%
CT	0.3%
M	0.2%




D. 
5) Recommendation:
Where the EPS Meter is not located at the Point of Interconnection (POI) to the ERCOT Transmission Grid, actual metered consumption must be adjusted for line losses, only where line losses exceed 600 yards, and transformation losses to the POI.
6) Reasoning:
As a supporting example, within the ERCOT Nodal Protocols, acceptable electrical nearness is defined for the specific purpose of netting load and generation resources at separate POIs. Section 10.3.2.3 paragraph (6) establishes a 400 yard distance requirement where the POIs that are not directly connected nor at the same voltage level may be netted, without compensation. Some current exemption proposals suggest that the market may allow up to 600 yards for uncompensated netting.
E.  
7) Recommendation:
Loss compensation should be calculated any time the POI (understood as the point where the ownership changes) is located outside the station’s H-Frame, meaning the station where the EPS is physically located.

8) Reasoning:
The loss compensation is a separate issue from the accuracy of the metering point and it should be treated independently. The accuracy of the EPS is defined by ERCOT’s protocols and should not be part of this discussion. Line loss compensation should be understood as an effort to match the “physical” and “electrical” locations of the EPS when they are not the same due to the POI being remote from the station where the EPS is located.
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Watt Cu Line Loss (%) 

1C FLL Cost ($ / hr) FLL Cost ($ /Yr)  Energy @ line rating Market Price ($/Yr)

53

0.001482 $0.13 $1,148 $77,388,385

0.000593 $0.13 $1,148 $193,470,962

106

0.002964 $0.26 $2,296 $77,388,385

0.001185 $0.26 $2,296 $193,470,962

158

0.004446 $0.39 $3,443 $77,388,385

0.001778 $0.39 $3,443 $193,470,962

211

0.005927 $0.52 $4,591 $77,388,385

0.002371 $0.52 $4,591 $193,470,962

264

0.007409 $0.65 $5,739 $77,388,385

0.002964 $0.65 $5,739 $193,470,962

317

0.008891 $0.79 $6,887 $77,388,385

0.003556 $0.79 $6,887 $193,470,962

370

0.010373 $0.92 $8,035 $77,388,385

0.004149 $0.92 $8,035 $193,470,962

422

0.011855 $1.05 $9,183 $77,388,385

0.004742 $1.05 $9,183 $193,470,962

475

0.013337 $1.18 $10,330 $77,388,385

0.005335 $1.18 $10,330 $193,470,962

528

0.014818 $1.31 $11,478 $77,388,385

0.005927 $1.31 $11,478 $193,470,962

1056

0.029637 $2.62 $22,956 $77,388,385

0.011855 $2.62 $22,956 $193,470,962

1584

0.044455 $3.93 $34,435 $77,388,385

0.017782 $3.93 $34,435 $193,470,962

2112

0.059274 $5.24 $45,913 $77,388,385

0.023710 $5.24 $45,913 $193,470,962

2640

0.074092 $6.55 $57,391 $77,388,385

0.029637 $6.55 $57,391 $193,470,962

3168

0.088911 $7.85 $68,869 $77,388,385

0.035564 $7.85 $68,869 $193,470,962

3696

0.103729 $9.16 $80,348 $77,388,385

0.041492 $9.16 $80,348 $193,470,962

4224

0.118548 $10.47 $91,826 $77,388,385

0.047419 $10.47 $91,826 $193,470,962

4752

0.133366 $11.78 $103,304 $77,388,385

0.053346 $11.78 $103,304 $193,470,962
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Increasing Metering Accuracy by Optimizing 
the Analog-to-Digital Converter 


Characteristics 
Travis Mooney and Dick Martin, Schweitzer Engineering Laboratories, Inc. 


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: 


 22 CTVTPT  (1) 
Where: 


VT is the error of the voltage transformer 
CT is the error of the current transformer 
PT 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: 


 
%141.0PT


%1.0%1.0PT 22
 


III.  METER ACCURACY EFFECTS ON SYSTEM ACCURACY 
Using the same principle outlined above, the total system 


error is: 


 22 PTMS  (2) 
Where: 


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


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


 
%245.0S


%141.0%2.0S 22
 


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: 


 
yr


6438$%245.0•
kWh


03.0$•MW10  


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: 


 
%140.0S


%141.0%05.0S


EP


22
EP  


Where: 
SEP 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: 


 
yr


3942$%150.0•
kWh


03.0$•MW10  


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: 


 
%142.0S


%141.0%02.0S


UP


22
UP  


Where: 
SUP 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. 
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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: 


 n
n 2Counts  (3) 


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


 


65536Counts


4096Counts


2Counts


16


12


12
12


 


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


 
mA69.2Q


1Counts
A22•


2
1Q


12


12
12


 (4) 


Where: 
Q12 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: 


 
A168Q


1Counts
A22


•
2
1Q


16


16
16


 (5) 


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: 


 


%9933.99I


%100•
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%8926.99I


%100•
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16


16
16


12


12
12


 


Where: 
I12 is the instantaneous registration of a 12-bit ADC 
I16 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: 


 %9988.99
8000


I
A


2
12


12  


The registration of the averaged 16-bit system is: 


 %9999.99
8000


I
A


2
16


16  


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-
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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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