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AEP is currently conducting the first U.S. grid-connected demonstration of the sodium sulfur (NAS) technology 
at a corporate office complex in Gahanna, Ohio2.  The system, rated for 500 kW (short term) and 100 kW / 750 
kWh (long term), has been operating in a combined peak shaving / power quality mode since its startup and 
acceptance testing in September 2002.  The present work is to monitor the ongoing system performance and to 
evaluate its economic costs and benefits for a variety of customer and utility applications.   
 
 

Specifications and Test Setup 
 
The ongoing performance analysis is based upon data collected from AEP revenue meters and AC and DC 
monitoring installed by the developers of the battery (NGK) and the power electronics (ABB).  The work will 
quantify overall system efficiency, power quality events, and daily cycling.  It will include daily calculations to 
track internal resistance as a measure of degradation due to cycling using a methodology developed in 
collaboration with NGK.  Database queries have been developed to perform these calculations and also to 
calculate various energy quantities, such as on-peak and off-peak energy consumption and peak demand, as 
inputs to the economic analysis. 
 
The system is made up of two identical battery modules as described in Table 1, two AC/DC power converters, a high-speed static switch, 

and a control system.  The system may be operated in different modes optimized for either short-term power rating or energy storage 
capacity.  The two modes used in the testing to date are shown in  

 

Table 2.  In Regime 1, optimized for power quality, the system is capable of serving a 500 kW load3 for 30 
seconds and can discharge 210 x 2 = 420 kWh of energy for peak shaving service.  In Regime 6, optimized for 
energy, the system can support 300 kW for one minute and can discharge 2 x 375 = 750 kWh of energy.  These 
regimes are governed by the module operating temperature limits, and selection of the desired regime is 
dependent upon the application. 
 
 

Table 1.Module Specifications 

Pulse Power 250 kW (30 sec) 
Rated Power 50 kW 
Energy  360 kWh 
Dimensions 2200 W x 1762 D x 640 H (mm) 
Weight 3600 kg 

 
 

                                                 
1 ben@gridwise.com  
2 The AEP demonstration project is conducted through tailored collaboration agreement with EPRI.  Data 
analysis and monitoring is sponsored by the US Department of Energy.  Other collaborators are  
Tokyo Electric Power Co., NGK Insulators Ltd., and ABB Inc. 
3 The “PQ factor” of 5 indicates that the steady state rating of 100 kW is increased to 500 kW (short term). 
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Table 2. Operating Regimes. 

Operating 
Regime 

PQ 
Protection 

PQ Factor PQ 
Interval 

PS DC kWh 
per battery 

PS Cycles 
Over Life 

Interval 

1 30s 5.0 1 hour 210 1500 5/2/03 to present 
6 1 min 3.0 1 hour 375 1500 Before 5/2/03 

 
 
The test setup is illustrated in Figure 1.  AC power and energy is measured using conventional utility meters 
installed on the utility and load sides of the system as well as on a separate circuit used for auxiliary system 
loads.  Auxiliary loads include battery heaters used to ensure that the desired operating temperature is 
maintained, controls, and power conditioning fans and heaters.  In addition to the utility metering, additional 
AC and DC instrumentation was installed at selected points within the system by the battery and power 
electronics manufacturers. 
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Figure 1. One-line diagram and test instrumentation. 

 

Discharge Profiles 
 
The discharge profiles for the two operating regimes, as measured by the utility meters, are shown in Figure 2.  
The profiles are programmed into the control system, and set to repeat on a daily basis.  They are designed to 
simulate a typical commercial load profile of varying durations and are optimized to source the maximum 
available energy for the respective operating regime.  In the case of Regime 6, the maximum available power 
level is 100 kW, however the module vacuum was not properly adjusted to permit additional heat loss, and the 



power was therefore limited to 90 kW.  Measured operating temperatures and depth-of-discharge are presented 
in Table 3 and Table 4.   
 
 

(a) Regime 1, after 2 May 2003. 

 

Figure 2.  Measured discharge profiles. 

 
Table 3.Operating Temperatures. 

Module 1 (typical) 
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(b) Regime 6, before 2 May 2003. 
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Regime 
Maximum Minimum Average 

1 324 C 326 C 332 C 
324 C 351 C 6 336 C 

 
 

Table 4. Depth of Discharge. 

DOD Regime 
Module 2 Module 1 

1 47% 48% 
78% 81% 6 

 
 

ower Quality Impacts
 
P  



 
Power quality events include utility outages, voltage excursions, frequency excursions, voltage harmonics 
ontent, and current harmonics content.  The NAS battery system is designed to detect such disturbances, to 

e 

gured to report voltage sag and swell events along with duration, and 
ese are shown in Figure 3 for the period since 12 April 2003, when the control system was most recently 

 

c
isolate the load by opening the static switch, to serve the load as a voltage source during the course of the 
disturbance (within the power and duration ratings of the system), and to resynchronize and reconnect with th
grid after the disturbance has passed. 
 
The “load” and “grid” meters were confi
th
modified.  The figures also show CBEMA limits for overvoltage and undervoltage as convenient references for
some electronic load sensitivities.   
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(a) Grid. 
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(b) Load. 

Figure 3. Power quality impacts since 12 April 2003. 

 
 
Seven events outside the CBEMA limits were found on the grid side.  On the load side, only one event was 
observed outside the limits.  Consequently, the system improved the reliability of power at the load by detecting 
and responding to utility disruptions. 

Economic Analysis 
The economic analysis includes evaluations for multiple applications, including peak shaving, power quality, 
and T&D deferral.  Peak shaving benefits are based upon customer tariff schedules at three AEP subsidiary 
companies: Indiana Michigan Power Company (Indiana), Appalachian Power Company (West Virginia), and 
Southwestern Electric Power Company (Arkansas).  Utility bill savings for a commercial customer will be 
combined with the power quality benefits, and a proforma evaluation will be developed from a customer 
ownership perspective.   
 
A sample of AEP tariffs are shown in Table 5.  For Tariff M.G.S (Indiana Michigan Power Company), the 
demand charge is $4.268/kW, representing the savings that can be achieved through peak shaving.  H ver, 
the energy charge is fixed at $0.04723/kWh.  Since y will incur roundtrip DC energy losses, it will 
consume more energy during charg  a customer on this rate schedule 

ould incur a net energy cost.  The demand savings for this customer would therefore be offset by the increase 
 energy charges. 

eak 

s the off-peak charges.   
 

se in the table, will be used to determine a range of possible peak shaving 

owe
the batter

e than that recovered during discharge, and
w
in
 
On the other hand, Tariff M.G.S. – TOD does not include a demand charge.  The utility bill impacts due to p
shaving will be derived from the difference between on-peak and off-peak energy charges.  In this case, the 
avoided on-peak charges are five time

Several AEP tariffs, including tho
benefits, and these will be combined with power quality benefits to determine the overall economic benefits. 

Table 5.  Sample AEP Tariffs. 
Company Tariff Availability Terms 

Tariff M.G.S. 
 

10 kW to 1,000 kW Customer charge $23.80 
 
Demand charge $4.268/kW 
 
Energy charge $0.04723/kWh 
 

Indian Michigan 
Power Company 
 
(Indiana) 

 

Tariff M.G.S –  
TOD 
 

10 kW to 1,000 kW 
 
 

Customer charge $23.80 
 
Energy charge  
   $0.09785/kWh on-peak 
   $0.01905/kWh off-peak 

Schedule M.G.S. 10 kW to 1000 kW Customer charge $8.50 

   $2.22/kW off-peak excess 
 

  
Demand charge 
   $3.90/kW 

Energy $0.04044/kWh 
 

Appalachian Power 

  
Energy charge 
   $0.08555 on-peak 
   $0.01977 off-peak 
 

Company 
 
(West Virginia) 

Schedule G.S.-T.O.D. Under 500 kW Customer charge $12.80 

 



Sandia is a multi-program laboratory operated by Sand tin Company, for the United States Department of 
Energy's National Nuclear Security Administration under Contract DE-AC04-94AL85000. 

ia Corporation, a Lockheed Mar
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