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Project Objectives

n Assess performance of the Multiplier
Method for load profiling

u theoretical, empirical

n Recommend appropriate load level at
which to require interval metering for
direct access participants.
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Background
n Project sponsored by Salt River Project

(SRP)

n Managed by Electric Power Research
Institute (EPRI)

n Builds on work from a larger EPRI
tailored collaborative

n Analysis conducted by XENERGY
Consulting Inc. under contract to EPRI
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Overview 

n Summary of key findings

n Multiplier Method performance
u Background
u Results

n Interval metering requirements
u Issues and approaches
u Findings
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Key Findings—Method Assessment

n Method works well in simulation tests
for SRP

n Expected to work well in other contexts,
on theoretical grounds

n Results in slight cost-shifting from
residential to commercial class, 0.1
mil/kWh.
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Key Findings—Method Assessment
(cont.)

n Volatility of assigned costs
u worse than if class average load shapes

were known perfectly
u better than another method tested with

estimated class profiles
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Key Findings—Interval Metering

n In terms of a societal test, the economic
value of improved settlement accuracy
is outweighed by the cost of additional
metering.

n Benefit/cost ratio < 0.05.
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Multiplier Method Performance

Background
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Method Description
n Metered monthly kWh are distributed

over hours in the meter reading period
according to the class load profile.

n Estimated loads at the meter are
multiplied by system loss factors.

n Loss-adjusted loads are rescaled so
that the sum matches observed system
hourly loads.
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Method Description—Class Profiles

n Class load profiles are determined from
observed system load for each day,
multiplied by factors determined from
historic load research data.

n Multipliers are specific to each class,
day type, hour of the day.
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Constructing the Multipliers
n From historical load data for month m,

day d, hour h
u Lxmdh = total load for group x

n For the system
u PSmdh = (LSmdh-500)/(Lsmax-500)

n Multiplier for each class c, daytype t,
hour h
u Mcmth = (1/Nmt) Σdεmt (Lcmdh/Lcmax)/PSmdh
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Applying the Multipliers

n Using each day’s observed system
hourly load and multipliers based on
historic data, estimate the profile for
each class.

u      cmdh = McmthPSmdh
$P
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Advantages of the Multiplier Method
n Current day’s system load directly

incorporates actual weather conditions and
special events without complex models.

n Multipliers based on historic data tailor
profiles to each class without next-day
retrieval and processing of class load
research data.

n Scaling to observed hourly system loads
and monthly meter readings makes energy
assignments unbiased.
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Method Performance—Basis

n Simulated SRP system with “known”
hourly data for each customer,
hypothetical suppliers.

n Implemented multiplier method using
simulated monthly customer data and
hourly system data.

n Compared multiplier estimates of load
responsibility with known.
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Errors Assessed for Each Supplier
n Quantities of interest each month

u Energy responsibility (MWh)
u Average unit price ($/kWh)
u Total cost of energy ($)

n Error components for each
u Bias = systematic errors
u Volatility = variation in errors over months,

customers
u Root-mean-square error (RMSE) combines

bias, volatility
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Simulated Suppliers

Supplier Description

1 "Host" mix

2 "Host" mix, small %

3 Residential

4 Commercial

5 Large Commercial

6 Interval Metered

7 Small Commercial and Medium Residential

8 TOU Residential

9 nonTOU Residential

10 Comml not metered
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Multiplier Method—Energy Error
Components by Supplier
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Multiplier Method—Unit Price Error
Components by Supplier
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Multiplier Method—Total Price Error
Components by Supplier
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Comparison of Unit Price Bias for
Multiplier and Other Methods
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Comparison of Energy Volatility for
Multiplier and Other Methods
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Comparison of Unit Price Volatility
for Multiplier and Other Methods
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Multiplier Method Performance

Results
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Comparison of Method Features

Method

Multiplier California California Rochester NH
Feature Dynamic Static

Class-Level Profiles X X X X
Use of System Load Shape X X
Voltage-Class loss adjustments X X X X X
Reconciliation to hourly system load X X X X
Static class factors X X
Required dynamic metering for large interval
metered customers

X X
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 Bias Compared to Other Methods
n No statistically significant energy bias

n Any method using class load shapes
has price bias because subgroup load
shapes don’t match class load shapes.

n Multiplier Method adds additional unit
price bias
u ~–1/2 % for residential
u ~+1/2 % for commercial
u      Cost shift ~ 0.1 mil/kWh
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Volatility Compared to Other Methods

n Compared to ideal dynamic class profiling
u 1 to 2 percent greater volatility of energy
u 1/2 percent greater volatility of average unit

price
u Cost of volatility ~ 0.001 mils per kWh

n Compared to New Hampshire method
u lower energy volatility
u similar unit price volatility
u New Hampshire also uses class profiles

estimated from historic data
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Interval Metering Requirements

Issues and Approaches
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Qualitative Issues
n Effect on development of competitive

markets

n Meter availability

n Appropriateness of kW or other size
measure as criterion

n Treating equal groups equally

n Policy definition of “small”
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Developing Competitive Markets
n Metering cost is a barrier to customer entry

into direct access.
u Affordability question

n Economic efficiency
u Economic efficiency is improved when prices

faced by customers are their true cost of
service.

u The goal of competition is economic efficiency
u Inaccuracy and uncertainty add economic

costs.
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Other issues
n Meter shortage possibility

u May be important initially, but likely to be
short term

n Appropriateness of kW as criterion
u Might consider combination kW/kWh

criterion

n Treating equal groups equally
u Any simple system has some inequities
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Quantitative Issues

n Affordability

n Economic cost of uncertainty

n Economic cost of inefficiency

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________



Slide 32

1-32

Affordability

n First approach:  What fraction of
customers in each size stratum could
buy a meter and still come out ahead?

n Second approach:  What fraction of
customers in each size stratum would
choose direct access if they had to buy
a meter compared to if they didn’t have
to?
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Who can buy a meter and still save?

Metering Cost 
($/month)

Energy 
Price 

($/kWh)

Expected 
Percent 
Savings 

with Direct 
Access

Percent of Customers with Net Savings 
after Buying Meter by Stratum

Strata 4, 5 Strata 1-3 Stratum 5 4 3 2 1

kW floor 250 75 25 5 0

$10 $10 $0.018 10% 99.6 97.0 78.1 8.5 0.9

$10 $10 $0.036 10% 99.8 98.6 95.2 36.5 2.7

$12.69 $6.64 $0.018 10% 99.4 92.6 91.9 16.4 1.0

$12.69 $6.64 $0.036 10% 99.8 98.2 96.8 59.0 6.6

$12.69 $6.64 $0.018 1% 87.4 9.9 1.0 0.0 0.0

$12.69 $6.64 $0.036 1% 96.7 48.6 13.1 0.2 0.6
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How many will switch with and
without metering required?

Metering 
Required?

Expected 
Percent 
Savings 

with Direct 
Access

Energy 
Price 

($/kWh) Stratum 5 4 3 2 1

kW floor 250 75 25 5 0

Expected Percent Switching by Stratum

No  10% 50.0 50.0 50.0 50.0 50.0

Yes 10% $0.018 44.4 30.9 20.3 2.4 0.2

Yes 10% $0.036 46.5 39.1 31.7 8.8 0.8

No  1% 3.6 3.6 3.6 3.6 3.6

Yes 1% $0.018 2.7 1.3 0.6 0.0 0.0

Yes 1% $0.036 3.1 2.1 1.4 0.2 0.0
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What fraction of those who would
switch are deterred by metering
requirement?

Expected 
Percent 
Savings 

with Direct 
Access

Energy 
Price 

($/kWh) Stratum 5 4 3 2 1

kW floor 250 75 25 5 0
Fraction deterred

10% $0.018 11% 38% 59% 95% 100%

10% $0.036 7% 22% 37% 82% 98%

1% $0.018 24% 63% 82% 99% 100%

1% $0.036 14% 42% 62% 95% 99%
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Cost of Uncertainty

n Cost of added volatility
u = carrying cost of money to cover extra

costs

u = expected magnitude of cost error when
positive

n Translates volatility into the cost of
uncertainty
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Cost of Volatility by Stratum
(Monthly System Total)

Cut-Off Stratum
Base 5 4 3 2 1

Cut-Off Level (kW) 1,000 250 75 25 5 0

Monthly carrying cost $1,728 $1,478 $1,340 $1,304 $1,287 $1,264
Carrying cost reduction if 
interval metered $250 $139 $36 $17 $23
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Cost of Inefficiency

n Deadweight loss = economic cost of
prices not equal to true marginal cost of
supply.

n From social perspective, economic cost
is positive whether price bias is positive
or negative.
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Cost of Inefficiency by Stratum

Cut-Off Stratum
Base 5 4 3 2 1

Cut-Off Level (kW) 1,000 250 75 25 5 0
BENEFITS
Monthly deadweight loss $8,555 $8,034 $7,541 $6,990 $6,063 $5,662
Deadweight loss reduction if 
interval metered $521 $493 $551 $927 $401
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Cost/Benefit Ratio of Metering
Requirement—Lowering Cut-Off to
250 kW

Cut-Off Stratum Base 5 Difference
Cut-Off Level (kW) 1,000 250
BENEFITS
Monthly carrying cost $1,728 $1,478

$250
Monthly deadweight loss $8,555 $8,034

$521
Total Cost of Profiling Error $10,283 $9,512

Total Monthly Benefit of required interval metering $771

COSTS
Monthly added metering cost $17,616

BENEFIT/COST RATIO 0.044
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Cost/Benefit Ratios for Lower
Thresholds

Cut-Off Stratum: Base 5 4 3 2 1
Cut-Off Level (kW): 1,000 250 75 25 5 0

BENEFITS

Monthly carrying cost $1,728 $1,478 $1,340 $1,304 $1,287 $1,264
Carrying cost reduction if interval metered $250 $139 $36 $17 $23
Monthly deadweight loss $8,555 $8,034 $7,541 $6,990 $6,063 $5,662
Deadweight loss reduction if interval metered $521 $493 $551 $927 $401

Total Monthly Benefit $771 $631 $587 $944 $424

COSTS
Monthly added metering cost $17,616 $48,809 $54,991 $156,109 $167,981

BENEFIT/COST RATIO 0.044 0.013 0.011 0.006 0.003
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