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Electric Load
Forecasting

BY RICK D. BOYD

Historically, as an independent load balancing authority, Dominion

was responsible for supplying its electric load obligation with its own

power generation and purchased energy. If forecasts of customer

demand were too low, additional generators could be turned on or

more megawatts purchased from outside of the company to supply the

load. If forecasts were too high, generators could either be reduced or

shut down, or the megawatts sold off-system. The company had a high

degree of control for adjusting generation to offset any forecast error.

When Dominion joined PJM Transmission – a regional transmission

organization that coordinates the movement of electricity – it became

part of a larger market with rules on buying electric load and selling

generation. Under this new model, Dominion lost the flexibility to use

its own generation to offset inaccurate load forecasts, thus driving the

company to refine its forecasting process.

The Final Tollgate features a Six Sigma project as it would
be presented to a panel of company executives at the final
project review. The objectives of such a presentation are to
communicate significant results of the project and share

highlights of how results were achieved. The slides are the
project leader’s visual presentation and the accompanying
text is the verbal presentation. It is assumed that the audi-
ence has a basic understanding of Six Sigma.

Do you have an exemplary Six Sigma project to share? Would you like to see it here? Submit it to us at isixsigma.com/submit.
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DEFINE 

Electric Load Forecasting

D M A I  C

Project goal: Reduce load forecasting error rate by 10%

CT Tree:
Accuracy of Electric Load Forecast

Quality CostDelivery

Quality of weather info from 
third-party vendors

StaffingWeather information 
availability

Load forecasting systems and tools are 
updated with load actuals and weather

Meteorologist
on site

Load forecasts from models are 
compared and tracked

Operational definition is consistent 
among systems and models

Load forecasting tool 
availability

Critical
factor

Critical
factor

Define
Prior to joining PJM in May 2005, the primary focus

was on having a fairly accurate forecast of the daily peak-
hour demand. The only penalty Dominion incurred from
missing that forecast was using more fuel or less fuel (coal,
oil, natural gas, etc.) than it should have used. But in PJM,
without the flexibility to use its own generation to compen-
sate for any forecasting error, the penalty is much higher. 

If Dominion purchases the forecasted megawatts for
each hour in the PJM day-ahead market and if the actual
load comes in higher or lower, then the company has to
buy or sell the megawatts based on real-time pricing. The
difference in hourly pricing between the day-ahead market
and real-time market can be substantial. From May to
December 2005, the load forecasting errors were costing
the company somewhere between $3.5 million to $4 mil-
lion each month.

Management wanted to see an error reduction quickly.
An accurate forecast of the amount of megawatts customers
will use each hour throughout the entire day was essential.
A Six Sigma project team made up of individuals with
defined roles in the current load forecasting process was
assembled. The project scope encompassed all load fore-
casting processes and procedures; no area was off limits. 

First the team constructed a CT (critical-to) tree, a

SIPOC (suppliers, inputs, process, outputs, customers)
diagram, and a high-level process map of the current load
forecasting process. The CT tree identified two quality ele-
ments that were critical to the accuracy of electric load
forecasting: 1) the quality of weather information and 2)
having the load forecasting tools updated with weather
and actual load information. Small changes in the weather
(temperature, humidity and wind speed) can have a large
impact on the electric demand. 

Review of the SIPOC and process map revealed that
the current process did not use all of the available weather
information. Further, the two load forecasting tools
Dominion used – one was internally designed; the other

Dominion is one of the United States’ largest pro-
ducers of energy. The company’s asset portfolio
consists of about 26,500 megawatts of power gen-
eration, 6,000 miles of electric transmission, about
6.3 trillion cubic feet equivalent of proved natural
gas reserves, 7,800 miles of natural gas pipeline,
and the nation’s largest natural gas storage system
with about 950 billion cubic feet of storage capacity.
Headquartered in Richmond, Va., Dominion serves
retail energy customers in 11 states.
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was a service from a third-party vendor – were not being
updated frequently enough to support accurate forecasts.
It also became evident that an in-depth review of the load
forecasting tools was needed to determine if the tools
could accurately forecast the daily electric load using the
day-ahead purchasing method.

The team’s primary goal was to reduce the hourly elec-
tric load forecasting error rate by 10 percent. Reaching
that goal would lower the error rate to less than 3.07 per-
cent, down from the 3.43 percent the company had been
averaging since joining PJM. Because Dominion had not
calculated hourly load forecast error prior to joining PJM,
we did not have any historical data before May 2005 to
use as a baseline. Benchmarking in the industry confirmed
that the best forecasting models achieved around a 3 per-
cent load forecasting error rate.

Measure
As the project progressed into the Measure phase, the

team took note of the potential problems that had been
identified from the SIPOC and the process map. We used
a cause-and-effect diagram and a failure mode and effects
analysis of the current process to determine if the poten-
tial problems were truly performance gaps and what their
impact was on the process output.

Through the cause-and-effect diagram, we observed
that if certain conditions were present in the process, the
forecasting tools and information would not provide the
best load forecasting information, thus increasing the 
variation in the forecast. We identified key process input
variables (KPIVs) to study further: 1) the timeliness of
updates in the model assumptions, 2) the quality of the
electronic weather feeds, and 3) what impact, if any, the
various personnel were having on the forecasting process.

To confirm that the KPIV information was correct and
reliable, the team performed a measurement systems
analysis (MSA) on these input variables. Similarly, to veri-
fy the measurement system of the process output variable,
the team performed an MSA on the primary metric of the
project – the hourly electric load forecasting error. Hourly
load information was taken from the load forecasting sys-
tems, traced to the PJM hourly billing and reviewed
against the meteorologists’ day-ahead hourly forecasted
loads. The results supported that both the primary metric
and KPIV information had adequate resolution, accuracy,
linearity and stability, ensuring that the information was
good for further analysis.

The results of a 1-sample t-test performed on the data
since Dominion joined PJM validated that the mean load
forecasting error rate of 3.43 percent was significantly

MEASURE

Electric Load Forecasting

D  M  A I  C

1-Sample t-Test: 2005 Load Forecast Error 
Test of mu = 3.07 versus > 3.07
                                            95% Lower
Variable N Mean St.Dev SE Mean Bound T P
2005 Load Forecast 8 3.43375 0.45648 0.16139 3.12799 2.25 0.029

Factors identified for 
further investigation: 
• Timeliness of updates in 
 the model assumptions 
• Electronic weather feed 
 quality
• Impact of personnel 
 involved in process

Confirms that the current 
mean error rate of 3.43% 
is indeed greater than the 
target of 3.07%.
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ANALYZE

Electric Load Forecasting

D  M A  I  C

Graphical Analysis 
• Error rate was analyzed by various 
 factors, such as month, on-peak/
 off-peak, season, etc., using box 
 plots and an interval plot.

• None of the plots revealed any 
 trends.

Other Discoveries 
• Dominion was receiving multiple daily weather 
 feeds, but using only one in forecasting model.

• Weather data being used was poor in quality.

• Weather data location sites were not spread across 
 region and not located near population centers. 

Main Sources of Variation
• Single weather source in the in-house forecasting model

• Limited number of weather data points across 
 load-serving territory

• Minimal updating of source information in the load 
 forecasting tools
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Interval Plot of 2005 Load Forecast Error vs. Month
95% Confidence Interval for the Mean

No trend observed

higher than the desired goal of less than 3.07 percent. The
hypothesis test reflected, with a 95 percent confidence,
that even the lower bound of the confidence interval,
approximately 3.13 percent, was above the target.

Analyze
To identify potential sources of variation in the load

forecasting error rate, we performed box plots and an
interval plot. These graphical analyses reviewed the error
rate by a number of factors – season, day of week, on-
peak/off-peak, holiday/non-holiday, etc. – but failed to
indicate any trends or bias in the data. 

For general comparison, the team wanted to see if
there was a significant difference in the quality of the
weather information being used by the forecasting models.
The results of the statistical testing performed in a prior
project indicated that the single weather information
source used by the internal forecasting model was not as
accurate as once thought when compared to actual hourly
temperature, humidity and wind speed. 

The original weather feed into the internal load fore-
casting system had not been looked at for several years.
We discovered that the company was paying to receive
other daily sources of weather data that was not being
used for anything. It was not until this project that we

realized we could make good use of that additional 
weather data.  

Finally, we compared the geographic location of the
weather data sites Dominion was using (six of them at the
time) to the electric load territory that the company serves.
We noticed that the weather data location sites were not
adequately spread across the geographic region, nor were
they, in all cases, located near the population (electric load)
centers. 

For example, we were using one weather site in Raleigh,
N.C., which is not near Dominion’s electric load territory
that spans from the Virginia/North Carolina coastline all
the way back to the Shenandoah Valley in Virginia. 

The territory is more than 200 miles long and can have
varying types of weather across it. Dominion is also respon-
sible for serving a large portion of the Northern Virginia/
Washington, D.C., area, which has a tremendous impact on
the amount of power required each hour. The geographic
diversity of the territory makes it essential to use weather
data reflective of the region and the population centers. 

As a result of the Analyze phase, the team concluded that
there were several factors causing the variation in load fore-
casting error: 1) the single weather source in the internal
load forecasting system, 2) a limited number of weather data
points over the geographic load-serving area, and 3) minimal
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A 2-sample t-test confirmed a statistical improvement in the 2006 error rate.
DPMO was reduced nearly 50 percent.

Implemented Solutions 
• Load forecasting metrics were established based on 
 requirement of load-serving entity to forecast load hourly.
• In-house load forecasting tool (“ALF”) was revised to 
 use multiple vendor weather feeds.
• ALF was also updated to graphically reflect load 
 forecasting performance for the multiple weather feeds, 
 using various combinations of weather sites over various 
 time frames.

• ALF was updated to use information from multiple 
 (13) weather sites, providing greater geographic 
 coverage of the load-serving area. 
• The meteorologist day-ahead forecast is now 
 graphically reviewed against the ALF forecast, and 
 any hourly differences greater than 350 MWhr are 
 noted and explained.

2.0 2.4 2.8 3.2 3.6 4.0 4.4

Process Capability of 2005 Load Forecast Error
USL

Process Data
LSL *
Target *
USL 3.07
Sample Mean 3.43375
Sample N 8
StDev (Within) 0.444529
StDev (Overall) 0.473016

Exp. Overall Performance
PPM < LSL *
PPM > USL 779053.59
PPM Total 779053.59

Within
Overall

Potential (Within) 
Capability

Cp *
CPL *
CPU -0.27
Cpk -0.27

Overall Capability
Pp *
PPL *
PPU -0.26
Ppk -0.26
Cpm *

2.0 2.4 2.8 3.2 3.6 4.0 4.4

Process Capability of 2006 Load Forecast Error
USL

Process Data
LSL *
Target *
USL 3.07
Sample Mean 2.95444
Sample N 9
StDev (Within) 0.352394
StDev (Overall) 0.421788

Exp. Overall Performance
PPM < LSL *
PPM > USL 392055.29
PPM Total 392055.29

Within
Overall

Potential (Within) 
Capability

Cp *
CPL *
CPU 0.11
Cpk 0.11

Overall Capability
Pp *
PPL *
PPU 0.09
Ppk 0.09
Cpm *

updating of source information in the load forecasting tools.

Improve
Through a brainstorming session, we identified a variety

of possible solutions to the high load forecasting error rate.
We focused on five primary improvements to reduce the
error rate and control the root causes of forecasting error:  

• Establish load forecasting metrics based on the new
electric trading market and the associated need to
accurately forecast electric load for each hour of 
the day

• Revise Dominion’s load forecasting tool to incorpo-
rate multiple vendor weather feeds as input parame-
ter information into the model

• Revise Dominion’s forecasting tool to use information
from 13 weather stations scattered across the geo-
graphic region where electric load was being delivered
instead of the six weather stations, not geographically
placed, that were previously being used in the model 

• Revise the forecasting tool to perform multiple
regression analysis to review the vendor weather per-
formance and accuracy for various time periods. The
regression analysis would generate an algorithm in
the load forecasting model that would indicate, based
on prior performance, which vendors’ weather fore-

cast to use over that same time period. (For example,
use 60 percent of vendor A’s daily weather forecast
and 40 percent of vendor B’s daily weather forecast.)

• Review daily the meteorologists’ graphical day-ahead
hourly load forecast versus the two load forecasting
models. This review would allow problems (such as
corrupt data or human error) to be quickly identi-
fied and would involve having the meteorologists
explain any hourly forecasting differences greater
than 350 megawatts between the day-ahead load
forecasts. 

The recommended improvements were reviewed with
the project Champion and process owner to ensure that
there was complete agreement with the data results and
recommendations. It was decided that all recommenda-
tions would be implemented as quickly as possible.

Most of the improvements were implemented immedi-
ately by members of the project team, while the program-
ming changes to Dominion’s load forecasting model
required a month to complete. The changes were imple-
mented in a way that would allow the improvements in
the forecasting tool to be measured and validated – that is,
we could compare the before and after data to verify that
changes had yielded success. Fortunately, because of man-
agement’s support of the team recommendations, the
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changes that were made were quickly accepted by those
involved in the load forecasting process. 

Control
As the project entered the Control phase, we devel-

oped and implemented a control plan to monitor the
improvements and to ensure that the project results would
be sustained long term. We established control limits to
alert the meteorologist when there was a difference of 350
megawatts or more in the hourly load forecast between
the two load forecasting systems and the meteorologist’s
load forecast. In addition, a performance review was estab-
lished to look at any prior hours in which the load fore-
cast error exceeded 3.07 percent. The purpose of that
assessment was to see if any new trends or information
gaps were beginning to develop.      

As part of the Control phase, we performed a capabili-
ty analysis to compare the 2005 monthly baseline load
forecast error rate to the forecast error rate in first nine
months of 2006. The analysis showed that the implement-
ed improvements had effectively reduced the defects per
million opportunities by 49 percent. Since the project’s
implementation, the process’ short-term sigma level has
improved by more than 138 percent, from 0.75 sigma to
1.79 sigma.  

With the changes made to the forecasting models, the
team was able to meet and exceed management’s goal of a
10 percent reduction in the load forecasting error rate.
The year-to-date September 2006 mean load forecast error
was approximately 2.95 percent, compared to the 2005
baseline of 3.43 percent. That translated into a 14 percent
improvement in a process once thought unimprovable.
The financial savings to Dominion exceeded more than
$20 million in avoided purchased electric power. u

Rick D. Boyd is the manager of Six Sigma for the Fossil and 
Hydro group of Dominion Generation. A certified Master
Black Belt, he has more than 15 years of experience in the
manufacturing and energy business, and has served in 
management-level positions in finance, operations and 
continuous improvement. This project earned a Six Sigma
Excellence Award for “Best Defect Elimination in Service and
Transaction Project” from IQPC.

CONTROL

Electric Load Forecasting

D  M A I  C

The financial savings to Dominion exceeded more than $20 million.

Project improvements reduced
the average forecast error to below

the 3.07% target.
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