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ABSTRACT 

In September 2008, PCS UtiliData 

commissioned an Industrial Voltage Optimization 

system at the Plum Creek Timber Medium Density 

Fiberboard facility in Columbia Falls, Montana.  The 

system was based upon the AdaptiVoltÊ Volt/VAR 

Optimization system that had been installed at 

several electric utility distribution substations in the 

U.S. and Canada.  These systems, being operated in 

Conservation Voltage Regulation mode, have 

provided significant energy conservation where they 

have been installed.  Algorithms were developed to 

allow the system to operate with large synchronous 

motors without approaching pull-out torque points.  

After more than a year of operation the system has 

reduced demand at the facility by 3.72% with an 

annual energy savings of over 9,000,000 kWh per 

year at full production capacity. Based on verified 

energy savings Bonneville Power Administration 

paid Plum Creek over $337,000 for the project.  This 

paper describes the voltage optimization system, the 

mechanism of energy conservation when voltage is 

optimized in an industrial facility and the     

measurement and verification method used to 

determine actual savings. 

 

INTRODUCTION 

According to the US Energy Information 

Administration industrial customers consumed 

1,009,299,195,252 kWh of electrical energy in 2008 

at an average cost of $0.0683/kWh.  This amounted 

to over 27% of the energy used in the United States 

in 2008 [1].  The total cost to industry of this energy 

was close to $69 billion. 

Industries have long put forth great effort to 

improve overall energy efficiency for all types of 

processes and facilities and for all types of energy 

sources.  To improve electrical energy efficiency, 

companies have used more efficient lighting systems, 

high efficiency motors, variable frequency drive 

systems (VFDs,) new control systems to improve 

process efficiency, demand control and energy 

management systems, better design practices and 

other measures.  There is one area of electrical 

energy efficiency/conservation that has been almost 

totally overlooked - That is the energy efficiency that 

can be gained by optimizing industrial plant 

distribution voltages. 

Conservation Voltage Regulation 

Conservation voltage regulation (CVR) is the 

practice of operating electric distribution systems at 

voltages in the lower half of ANSI [2] and CAN [3] 

allowable levels, thereby improving the efficiency of 

many electric utilization devices.  Many if not all 

utilization devices operate more efficiently in the 

lower portion of their designed voltage range.  If 

those devices, motors, drives, electronic power 

supplies, transformers, lighting systems, etc. are 

applied properly, that is if they are not undersized for 

their application, virtually all will operate more 

efficiently.   

Conservation Voltage Regulation Factor 

(CVRf) is a measure of energy conservation when 

voltage optimization is implemented.   

CVRf = ȹE%/ȹV% 

where ȹE% is the percent of energy reduced and 

ȹV% is the percent voltage reduction.   

History of CVR  

Electric utilities began studying the effect of 

voltage reduction on distribution feeders in the 

1980s.  EPRI commissioned the University of Texas 

at Arlington to test and study the effects of reduced 

voltage on the efficiency of important power system 

loads in 1981 [4].  That study, which included such 

utilization devices as television sets, microwave 

ovens, motors, heat pumps, air conditioners, 

distribution transformers, resistance heating devices 

as well as others, showed significant efficiency 

improvements for almost all properly applied 

utilization devices.  In 2000-01 the California Energy 

Crisis renewed interest in CVR as a long term 

conservation and demand reduction measure.   

In 2002 PCS UtiliData deployed its first 

AdaptiVoltÊ voltage optimization system at Inland 

Power and Light Companyôs Half Moon Substation.  

That project showed significant energy conservation 

and demand reduction along with significant kVAR 

(reactive power) reduction.  Additional AdaptiVoltÊ 

projects have shown significant energy conservation 



when distribution voltages were controlled so that 

delivered voltages were in the lower half of the ANSI 

or CAN Standard allowable voltages.   

Since the first deployment of AdaptiVoltÊ in 

2002, PCS UtiliData has installed and operated 11 

separate AdaptiVoltÊ projects involving 10 electric 

utilities, 19 different substations and 66 separate 

distribution feeders.   

Industrial CVR 

In 1987 Bonneville Power Administration 

(BPA) commissioned Pacific Northwest National 

Laboratory to assess CVR applicable in the BPA 

service area [5].  The assessment concluded that 

CVR would be an effective energy conservation 

measure in industrial facilities.   

However, the traditional method of 

implementing CVR on utility distribution systems 

uses line drop compensation (LDC).  With LDC a 

model of the distribution system is used to compute 

fixed resistance and impedance settings in voltage 

regulator controllers.  This is workable on radial 

distribution feeders as found frequently in electric 

utilities with relatively well known load patterns.  

Industrial facilities that have several production 

centers can have widely varying loads depending on 

work in process and customer requirements.  A 

model would be required for each different load 

pattern and voltage regulator settings would be 

changed accordingly.   This makes traditional LDC 

based CVR virtually unworkable in industrial 

settings.   

Using closed loop feedback techniques and 

advanced process control and signal processing 

techniques that have been widely used in industrial 

process control, AdaptiVoltÊ does not use models 

nor does it require constant changing of voltage 

regulator settings.  It actually measures voltages at or 

near the end of the line and near critical loads.  This 

technological advance in controlling voltage is a 

breakthrough and allows CVR to be implemented in 

industrial facilities.  The project at Plum Creek 

Timber was the first installation of AdaptiVoltÊ in 

an industrial facility and the authorôs research leads 

to the conclusion that it is the first implementation of 

CVR in an industrial facility in North America and 

probably in the world. 

CVR, VO, VVO and IVO 

Recently the term voltage optimization (VO) 

has come into use replacing the term CVR.  

Additionally, with the advent of the smart grid, many 

electrical utilities are investigating coordinated 

volt/var optimization (VVO), that is operating 

capacitor banks and voltage regulation in a 

coordinated manner to provide optimal voltage and 

reactive power usage on their distribution feeders.  

With the advent of the ability to implement VO/CVR 

PCS UtiliData has coined the term industrial voltage 

optimization (IVO.)   

With VO or VVO installed on a utility 

distribution system, approximately 15% of the energy 

conserved is on the utility side of the meter whereas 

approximately 85% of the savings is on the utility 

customer side of the meter.  This means that the 

utility sells less energy and revenues are potentially 

reduced.   

The main difference between IVO and VO or 

VVO is that all of the energy conservation gained by 

the IVO system is on the customer side of the 

revenue meter.  This reduces the cost of energy as a 

raw material, reducing overall production costs. 

Special IVO Considerations 

A very large percentage of industrial load is AC 

motor load.  AC motors in industrial facilities can 

range in size from small fractional horsepower 

motors to motors that are several thousands of 

horsepower.  They can be induction motors or 

synchronous motors.  Most are 3 phase motors.  

Many are started across the line and many have 

variable frequency drives.  Some larger motors may 

have cyclo-converter drives.  Motor voltages can 

range from 120 V for very small motors to up to 

15kV for high voltage motors.  Most industrial 

motors operate at 480 V in the United States and 600 

V in Canada. 

Properly applied, motors tend to be more 

efficient at nameplate rated voltage and, if they are 

not operating at 100% nameplate capacity, they will 

become more efficient at voltages lower than 

nameplate rating.  For a number of good reasons (and 

some not so good) most motors are in applications 

that do not require 100% mechanical output, 

although some may be required to deliver 100% or 

more for very short periods.   

While energy can be conserved by optimizing 

voltage, it is imperative that voltage not go below 

levels that approach the pull-out torque point in 

synchronous motors and remain below some level of 

slip in large induction motors.  To prevent such 

occurrences a patent pending AdaptiVoltÊ 

algorithm called VARMI NT (Var iable Moment 

Integrator) was developed. 

Because several voltage monitors may be 

located at different locations within the industrial 

facility on the same feeder fed by the same voltage 

regulator, it is imperative that the lowest voltage is 

the controlling voltage.  At the same time, voltage 

regulator tap changer operation frequency must be 



 
Fig. 1 ï Tamarack Substation Simplified Single Line Diagram and AdaptiVoltÊ Architecture 

 

kept as low as possible to avoid undue mechanical 

wear and tear on the mechanism.  A patent pending 

AdaptiVoltÊ algorithm called VIPER
1
 (Voltage 

Integrating Probability Estimating Regulator) 

prevents excessive tap changer operation while 

assuring adequate voltage levels at all points in an 

industrial facility.   

PLUM CREEK TIMBER MDF PLANT 

Plum Creekôs Medium-Density Fiberboard 

(MDF) facility is located in Columbia Falls, Montana 

near the western entrance of Glacier National Park.  

Plum Creek is the largest and most geographically 

diverse private landowner in the nation, with more 

than 7 million acres in major timber producing 

regions of the United States.   

The plant buys all its electrical power from 

Flathead Electric Cooperative (FEC) located in 

Kalispell, Montana, the second largest electric utility 

in Montana.  Bonneville Power Administration 

(BPA) supplies wholesale power to FEC.    

MDF is an engineered wood product formed by 

breaking down hardwood or softwood residuals into 

wood fibers, combining them with wax and a resin 

binder, and forming panels by applying high 

temperature and pressure.  MDF is denser than 

plywood.  It is made up of separated fibers, (not  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                                                 
1
  While developed for industrial facilities the VIPER algorithm is 

now being used in electric utility AdaptiVoltÊ applications. 

wood veneers) but can be used as a building material 

similar in application to plywood.  It is much denser 

than normal particle board.  The name derives from  

the distinction in densities of fiberboard. Large-scale 

production of MDF began in the 1980s. 

Description of Electric Service 

The Plum Creek MDF facility has two 

production lines, Process Line #1 and Process Line 

#2.  Process Line #1 has two plate refiners, each 

driven by a 10,000 hp synchronous motor 

manufactured by ABB.   

Process Line #2 has one plate refiner driven by 

a 14,000 hp synchronous motor manufactured by 

ABB.  The facility is fed by Flathead Electric 

Cooperativeôs Tamarack Substation, Fig. 1.  (The 

simplified diagram shows only equipment directly 

related to the AdaptiVoltÊ system.  It does not show 

circuit breakers, switches and other substation 

devices.)  Each of the synchronous motors are served 

by individual 12.47 kV feeders.   

Each process line has a 12.47 kV feeder 

feeding the balance of process line loads.  The loads 

on these feeders includes induction motors ranging 

from fractional horsepower to 800 hp, variable 

frequency drives, lighting, HVAC, process controls, 

and other typical industrial facility loads. 
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Plum Creek MDF Plant Transformer #5 Feeder Voltage Samples
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Press MCC _ 119.6 Volts Avg.

Finish End __ 119.6 Volts Avg.

Boiler ______ 114.9 Volts Avg.

Clarifier  ____ 118.8 Volts Avg.

Bed Filter ___ 119.7 Volts Avg.

 
Fig. 2 ï Process Line 2 Voltages 

 

 
Figure 4 - Refiner 3 Step Voltage Test 1 ï Voltage (kV) 

 

PROJECT DESCRIPTION 

The overall project consisted of three distinct 

major project steps - initial feasibility study, 

deployment and measurement and verification..   

Initial Feasibility Study and Report 

Prior to beginning a full implementation of the 

project a study was done to evaluate the potential for 

energy savings at the facility using voltage 

optimization.  The evaluation included several items: 

1. Voltages were measured and recorded at 

locations in the facility that were electrically farthest 

from the substation.  These included voltages at 

motor control centers and at the large motor 

terminals.  Voltages were measured and recorded at 

the substation during the same period. Figs. 2 and 3 

show some of those voltage measurement results. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

2. Evaluation of the infrastructure was made to 

determine the scope of effort required to implement 

voltage optimization if the decision was to proceed.  

Voltage regulation capabilities, communications 

infrastructure existing facility controls systems and 

other information was gathered. 

3. Discussions were held with plant production 

personnel to determine which plant production 

variables and processes were most likely to affect 

electrical energy usage.  As a result of this 

discussion, approximately 60 process variables were 

recorded at the same time intervals as the voltage, 

demand, kW and kVAR data to be used in the M&V 

analysis. 

4. Step voltage tests were done on the large 

refiner motors to determine the likely energy 

conservation effect of voltage optimization.  This 

was accomplished by operating at reduced voltage 

for a period of time then operating at the pre-voltage 

optimization level for a similar period of time.  

Figures 4, 5, and 6 show the measured voltage step in 

kV, the measured power in MW, the measured wet 

wood feed n pounds per hour (PPH) respectively for 

the first step test on Refiner 3.  Figs. 7, 8 and 9 show 

the same measurements for the second test on 

Refiner 3. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

5. Upon completion of the previous steps a 

report was prepared and submitted outlining the 

findings of the evaluation.  The report also included a 

suggested Measurement and Verification (M&V) 

Protocol to be 

Plum Creek MDF Plant Transformers #4 and #5 Feeder Voltage Samples
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Fig. 3 ï Refiner 3 and Process Line 2 Voltages 

 
 

Fig. 5 - Refiner 3 Step Voltage Test 1 ï Demand (MW) 

 



 
Fig. 6 ï Refiner 3 Step Voltage Test 1 ï Wet Feed (PPH) 

 

 

 
Figure 7 - Refiner 3 Step Voltage Test 2 ï Voltage (kV) 

 

 
Fig. 8 - Refiner 3 Step Voltage Test 2 ï Demand (MW) 

 
Figure 9 - Refiner 3 Step Voltage Test 2 - Wet Feed (PPH) 

 

 

 
Fig. 10 - Refiner 3 Step Voltage Test 1 - Specific Demand 

(W/PPH) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

used in verifying the conservation effect of operating 

with voltage optimization.  (Because (BPA) was to 

be providing an energy incentive to Plum Creek the 

M&V protocol required their prior approval.)  

Estimates of expected energy conservation with 

voltage optimization based on voltage measurements 

and estimated CVRfs were included in the report. 

The evaluation indicated that voltage levels 

throughout the facility were such that sufficient 

voltage optimization could be achieved and 

significant energy conservation would result.   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The measured results of the step voltage tests 

on the refiners were used to compute the specific 

demand during the tests.  Specific demand W/PPH is 

equal to watt-hours per pound or specific energy per 

pound.  As can be seen in Figs. 10 and 11, the step 

tests showed that the specific energy per pound was 

lower during voltage optimization than when the 

voltage was not being optimized. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

IVO Deployment  

Based on the initial evaluation and report Plum 

Creek Timber decided to proceed with full 

deployment of an AdaptiVoltÊ system.  System 

installation began in summer 2008.   

The system consisted of an AdaptiVoltÊ core 

unit, Fig. 12, supplied by the authorôs company, 32 

power monitors which were supplied by Plum Creek 

for voltage monitoring and energy metering, the plant 

communications system which in large part existed, 3 

new voltage regulator controllers and  


