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e progress of the AACE, 

to ORWL to work on the AACE in Oak Ridge. A Utility Advisory Group, comprised of 
experienced electric distribution engineers from various utilities, is providing expertise and 
perspective. Thus the AACE has broad-based utility industry support. 

AlSB is located in McMinn County, Tennessee, Its 100-sq-mile service territory 
includes the city of Athens and the communities of Englewood and Niota. AUB is a 
nongeiierating utility with TVA as its soilrce of electric power. AUB distributes electric 
power to more the Sa00 customers, of which 7890 are residential and 11235 are 
commercial. Energy sales by AUB exceed 3QO,OOO,OOO k W h  annually. The system peak of 
>84 MW occurred in 1985. 

The purposes of the AACE are to develop and test load control, volt/var control, and 
system reconfiguration capabilities on an electric distribution system and 40 transfer what 
is learned from this project to the electric utility industry. The project has been designed 
to test various control techniques, quantify the associated benefits, identify the type and 
amount of hardware required to accomplish these benefits, and transfer the findings to the 
electric utility industry so that a utility can use the data to conduct its own internal 
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studies. The thrust of the project is to provide actual installation and operating experience 
so that utilities considering distribution control systems cam implement a system that will 
satisfy their needs. It is anticipated that the knowledge and experience gained during the 
AACE will permit the implementation of similar systems in a shorter time perid and 
with an improved cost/benefit ratio. 

The AACE involves the implementation of a hardware system referred to as the 
Integrated Distribution Control System (IDCS) on the three substations-North Athens, 
Englewood, and South Athens- and on the 12 distribution fee ers of the AUB system. 
The North Athens substation supplies power to six feeders at 13 kV and, via a 69-kV line, 
supplies power to the ~ ~ ~ l e ~ o ~ ~  and South Athens substations. The Englew 
South Athens substations each supply three feeders at 13 kV. 

IDCS is a system of hardware and software capable of detailed monitoring of the 
distribution system, switching various distribution devices, turning customer loads on and 
off, controlling real and reactive power during normal and emergency conditions, and 
coordinating the conlrol of the distribution system with the cPperation of the bulk 
system. 

Three experimental areas were designed to take place on the AUB system. These are 
(1)  load controi, (2) volt/var control, and (3) system reconfiguration. The experiments are 
taking place individually during e first year and then simrrltanmusly during the second 
year to determine the interactio of the three experimental areas. Evaluation and data 
analysis will be performcd after each experi is coanpleted. 

The Knoxville review meeting was di into several consecutive sections on the 
agenda; this document follows the same format. A short surnnnary will be found at the 
beginning of each set of viewgraphs. A list of attendees af the meeting is also provided. 

This publication was compiled primarily for the attendees of the Knoxville project 
review meeting. Atiyone who would like further information concerning the AACE i s  
directed to contact 

Mr. S. &. Purucker 
Project Manager 

Oak Ridge National Laboratory 
Building 5500, MS ,4218 

P.O. Box x 
Oak Ridge, TN 37831 

(615) 576-5233 
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ABSTRACT 
The U.S. Department of Energy, Office of Energy Storage and Distribution, Electric Energy 

Systems Program, is the sponsoring agency for the Athens Automation and Control Experiment 
(AACE). Oak Ridge National Laboratory (ORNL) in collabration with the Athens Utilities 
Board (AUB) i s  providing project management and technical leadership. Others involved in the 
AACE include the Electric Power Research Institute (EPRI), Tennessee Valley Authority (TVA), 
Baltimore Gas & Electric (BG&E), and an advisory group comprised of experienced electric 
utility distribution engineers. 

The AACE i s  an electric power distribution automation project involving research and 
development of both hardware and software. Equipment for the project is being installed on the 
electric distribution system in Athens, Tennessee. 

The purposes of the AACE are to develop and test load control, volt/var control, and system 
reconfiguration capabilities on an electric distribution system and to transfer what is learned to the 
electric utility industry. Expected benefits include deferral of costly power generation plants and 
increased electric service reliability. 

A project review meeting was held in Knoxville, Tennessee, on December 3-4, 1985, to review 
the progress of the AACE and to communicate the objectives and experimental plans to the 
electric utility industry, represented by those in attendance. An integral part of the meeting was a 
tour of AUBs facilities and installed distribution equipment, conducted on December 5 ,  1985, in 
Athens, Tennessee. 

This publication was prepared primarily for the attendees of the Knoxville project review 
meeting. This document is a compilation of the viewgraphs used by the presenters at the meeting; 
each set of viewgraphs is preceded by a summary of the presentation. 

At the time of the meeting, the experimental test plans had been completed, much of the 
AACE field equipment had been installed, and the experiments had begun. A computer system, 
the AACE Test System (AACETS), became operational in 1984. AACETS is being used to 
develop and test applications software and experimental control strategies prior to their 
implementation on the AUB system. The AACE experiments began in September 1985 and will 
continue through October 1987. 
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BACKGROUND 

Electric utilities have been turning more and more to demand-side options and increased 
control of the distribution system to meet planning objectives and solve operations problems: 
reducing operating costs, deferring system expansion, operating the power system more efficiently, 
and improving the quality of service. Pilot projects involving demand-side management (e.g., load 
management) and/or distribution automation (e.g., distribulion system monitoring and control) 
have proliferated, and these techniques are being implemented systemwide in many North 
American utilities. A number of common needs or problems have been identified from these 
installations: 

1. 

2. 

3.  

4. 

Procedures are needed to evaluate both the potential benefits and the effects of these newly 
implemented technologies on the utilities and their customers. 

The data requirement for the evaluation procedures- -including the type, quality, and 
accuracy of the data needed for evaluation--must be defined. 

Integration of demand-side management and distribution automation and coordination of 
these functions with other utility planning and operating activities wil l  he important in the 
future for utilities seeking to implement such programs. This is an area that has not received 
much attention until lately.. 

Actual operating experience, particularly with automated distribution systems, is limited, 
Such experience is necesbary to determine which problems each automation function can 
solve, to develop practices an procedures for system operators, and to indicate which 
functions and technologies are worth perfecting through research and development. 

To address theset. needs, the Athens A u t o ~ a t i ~ n  and Control Experiment 
conceived and implemented. AACE was set up as a test for ~ ~ s t r i ~ u t ~ o n  atitoxnation and load 
coatroi experiments. Locate on the Athens Utilities ~~U~~ system in Athens, Tennessee, 
AACE is a highly instrumented system serving a highly surveyed group of consumers. 
Deliberately, AACE was created to obtain more information about the electric power system and 
its customers than would be practical for an electric utility to obtain on its own. The result is a 
“test bed,” an environment in which controlled exper nts of different Functions, control 
strategies, and operating procedures can be carried out. emvation o€ the results will help to 
show which control functions rase w~r~hwhile, what data and ~ ~ s t ~ ~ m ~ ~ t ~ t ~ ~ ~ n  are needed, and 
which distribution system elements are justified for control. 

‘The AACE project objectives are to 

1. q ~ ~ n ~ ~ ~ ~  the benefits of ~ ~ ~ ~ ~ ~ a t ~ o ~ ~  

2. develop and test C C X I ~ ~  strategies; 

3. determine minimal h ~ ~ ~ w ~ r ~  requirements (i.e-> the m h i  urn ~~~~~~~~ of ~~~t~~~ ~ ~ a ~ ~ w a ~ ~ ,  
instrumentation, and data needed to implement a u ~ o ~ ~ : ~ ~ n  functions); 
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4. define requirements for the next generation of aatsination systems; 

5. coordinate distribution, generation, and transmission control; 

6. quantify socio-economic aspects of thc loa control programs tested; 

7. integrate the design and operation of the three automation functions tested: load control, 
volt/var control, and distribution system reconfiguration; and 

8. transfer results of AACE to utilities. 

The last objective especially merits elaboration. The technology transfer for AACE is expected 
to include not only data but also operating procedures, software, installation methods, evaluation 
procedures, and candid reports of instaHatisw, testing, and operating experiences. As part of this 
technology transfer, progress reports and interim results have been made available to 
representatives of several utilities and research orgaraizations. In addition, regular public review 
meetings to discuss progress, problems, resenits, and issues have heen scheduled. 

In addition to this emphasis on technology transfer, AACE i s  d ~ ~ ~ i n ~ ~ ~ s ~ ~ ~  from other single- 
utility distribution automation or load control projects in several ways: 

1. Both distribution automation and load control are being implemented at AUB, Much of the 
work is aimed at the integration of these functions, their interfaces, an complementary 
characteristics. 

2. The saturation of thc project is much larger than is typical for a pilot project. Over 20% of 
AUB’s residential customers will be involved. 

3. Because this is an uexperiment,n innovative control strategies and new analysis techniques will 
be applied. 

4. Because the emphasis is on obtaining results that can be generally applied to the industry, the 
data gathered and control strategies tested will be designed to be relevant to many utility 
situations. 

5. Results, procedures developed, and data gathered will be quickly and widely disseminated 
throughout the industry. 

SPONSORS 

The AACE has been funded primarily by the Office of Energy Storage and Distribution 
Systems of the W.S. Department of Energy (DOE). Additional support for increased appliance: 
load profile metering has come from the Electric Power Research Institute (EPRI). The AUB, the 
host utility, has providcd manpower to review the design and to install, test, and operate the 
system. The Tennessee Valley ‘4uthority (‘TVA) has also provided technical assistance, 

The project management and technical leadership i s  being provided by Oak Ridge National 
Laboratory (ORNL), operated by Martin Marietta Energy Systems, Inc., under contract to DOE. 
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PROJECT SCOPE 

The AAGE is designed to accomplish five functions: 

1. load control, 

2. load profile measurement (household and individual appliances), 

3. volt/var control, 

4. distribution system reconfiguration, and 

5. distribution system data monitoring. 

To accomplish these functions, customers2 households and the distribution equipment on three 
substations and twelve 13-kV feeders of the AUB system {Fig. 1) have been automated as follows: 

1. 28608 load control receivers; 

“smart meters,” which record househo 

3. 200 electric appliance research meters {ARMS), which record individual appliance load 
profiles; 

4. 5 substation capacitor banks; 

5. 28 feeder capacitor banks; 

6. 2 load tap changing transformers; 

7. 5 line voltage regulator banks; 

load break switches; 

9. 11 feeder breakers; 

10. 1 1  power reclosers; 

11. 47 feeder monitoring locations [pie top units (PTUs) that detect faults and measure voltage, 
power, and vars]; and 

12. 1 weather station. 

To monitor and control the AACE feeders and hardware, a central control and dispatch 
computer has been installed at AUB’s headquarters. Another computer installation at BRNL, the 
AACE Test System (AACETS), is used to simulate the AUB system and test the hardware, 
software, and control strategies of the AACE k f ~ r e  they are actually implemented in the field. 

Communications from the; substations to the distribution remote terminal units (RTUs) and 
customer load control receivers is by a Brown- overi Control Systems, Inca, (BBCSI) “ripple” 
system. Communications between the AU control center and the s u ~ § ~ a ~ i o ~ s  is by leased 
telephone lines. The data from the PTUs and remote customer metering installations are returned 
to the AUB control center by t e ~ ~ p h ~ n ~  (party line Cor the PTWs, telephone-company-switch~d 
network for the remote metering equipment). Figure 2 shows the AACE configuration. 
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_I __I __ -- ~ 

NORTH ATHENS 
SUBSTATION 

___-__-I_-- 

DISTRIBUTION F E f D f RS 

ENGCEWOOQ 
SUBSTATION 

QISY R I BU7laN 
FEEDERS 

D IST R I B UTI ON 
FEEDERS 

In addition to the hardware installed, the AACE has made detaile surveys of all participating 
AUB customers, including 

1 .  customer information; 

2. appliance types and sizes; 

3. building size, construction, and insulation; 

4. customer "lifestyle" (number of inhabitants, work schedule, etc.); and 

5. reasons for participating in or dropping out of the experiment. 
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CO M M U N I CAT I 0 N S 
LONTRDL C i N T C R  

DlSTR I BUT1 ON 
F E E D E R  H T U  

DISTRIBUTION 
POLE-TOP UNI r COQTROl RECEIVER 

3 SlJHSTATlONS 

51 PTlJz 
1 7  OCAS 
8 D H I U s  

2000 LCRs 

200 SMs 

Fig. 2. Integrated distribution contr01 system and appliance monitaring system. 

With the abundance of monitoring and control points and the auxiliary data collection efforts, 
the AACE is designed to provide a well-documented and well-understood test bed suitable for a 
variety of distribution automation and load control experiments. Three major types of functions 
will be tested initially: (1 ) load control, (2) integrated volt/var control, and (3) distribution 
system reconfiguration. 

The scheduled experiments will be conducted in three phases: 

1. characterization studies-initial system checkout, testing, and data gathering; 

2. learning year---start of individual load control, volt/var control, and distribution automation 
experiments; and 

3. integrated year---- simultaneous, integrated operation of the three experiments. 



14 

The following i s  a schedule and list of major milestones for the AACE project. 

Milastone 

Selection of host utility 
Specification and vendor selection 
Deterarine automated points and automatioa! fii nctions 
Final design of ColllamrnnicationsJGolntrol system 
Install AACEIS computer 
Enroll AUB customers for participation 
Factory acceptance test 
Install. control computer 
Install BBCSII communications system 
Field acceptance test 
Characterization and learning year test plan 
Install distribution automatioil and monitoring equipment 
Iristall load control receivers 
Install smart meters 
Install electric ARMS 
Integration year test plan 
Learning year experiment 
Integrated year cxperiment 
Final report 

Cozp1pBetiott dat? 

Jan 1979 
Scp 1982 
Apr 1983 
Aug 1983 
Sep 1984 

Jan 1985 
Mae 1985 

Jul 1985 
Jul 1985 

Qct 1485-June 1981 
Oca 1985-June 1986 

Oct 1980 

Mar 1985-J~ne 1987 

A P ~  1985 

Sep 1 9 8 5 - J ~ n ~  1986 

June 1986-NOV 1986 

Oct 1985-0ct 1986 
act. 1986-Oct 198'7 

April 1988 

LOADCONTROLEXPE 

The load control experiment involves control of from 1 to 3 appliances--el,ectric water heaters, 
central air conditioners, and/or central electric space hcaters of heat pumps. Two hundred 
households will be equipped with electric appliance research meter (ARM) units, which will 
monitor some combination of appliances, total household load, and/or temperature. ARM data 
will be recorded in 5-min intervals. Smart meters, which monitor household loads at - 1 5-min 
intervals, will be placed in another 200 households. 

The objectives of the load control experiments are to 

1. evaluate the impact of load control at all levels of the distribution system, 

2. assess the potential for real-time control of loads, 

3. evaluate alternative strategies for controlling customer loads and customer-elass loads, and 

4. evaluate customer acceptance of and response to load control. 
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~ x ~ ~ j ~ e n t s  will %e conducted to 

1. cantsol water heaters, central air conditioners, and central space heaters; 

2. verify the reliability of the equipment and communications devices; and 

3, ascertain customer acceptance of the control strategies. 

The AUB system load is quite representative of the TVA system load (Fig. 3). (The peaks of 
the two systems are almost coincident.) Reduction of the AUB peak will reduce the demand 
charges that AUB must pay to TVA, its power supplier, as well as reduce the TVA peak load. 
AUB’s load shape is also characteristic of many of the other TVA distributors. The three 
appliances chosen for control-water heaters, space heaters, and air conditioners-have periods of 

1. 

0.9 

0.8 
.J w > 

Q 

2 0.7 

Q ; 0.5 - 
-I 
Q: 
E 0.4 oc 
0 z 

0.3 

0.2 

0.1 

Q 
1 AM 6 AM 12 N 6 PM 12 M 

Fig. 3. AUB/TVA load profiles. 
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high usage coincident with the AUB system peak (Fig. 4). Control of these appliances will inee: 
the peak reduction objectives of an AUB demand-side managernexit program. 

Water heater control will be exercised during winter mornings and evenings and during 
summer evenings. Off-time durations of 2, 3, and 4 hours will bb: tested. Space heaters will be 
controlled through duty-cycle limiting between 6:OO a.m. and "PO0 pm. The intensity of control 
will be varied to force the space heaters to 'ac off between 0 and 50% of the time during the 
control period. The control period for air conditioners will be betwcen noon and 1O:OO pm., and 
control intensity will vary between 0 and 60%. 

Load changes from appliance contrsl will be measured at the appliance level (electric ARMS), 
household level (smart ~ae ters )~  feeder section level (PTUs), and feedcr/suhstation 16;vel 
(substation remote terminal units-RTUs). 

Customers were selected for participation in the load control experimcnt according to strata 
defined by total monthly energy consumption. 'The locations for electric ARMS were chosen by 
randomly sampling 50 customers in each of four strata. Smart meters were installed on 48 
randomly chosen homes in each of five strata. I m d  control receivers are being placed in 2000 
residences in the four high-energy-usage strata. 

The estimated penetration of load control receivers by appliance stock is as follows: 

stock 

Water heater, space heater, air conditioner 5 60 
350 

Water heater an space heater only 8 40 

2000 

Water heater and air conditioner only 

Water heater only 250 

This allocation will result in the following number of appliances under control: 
A ce 

Water heater 2000 
Space heater 1400 
Air conditioner 910 

4310 

The proposed distribution of load control receivers will result in a significant fraction of each 
type of appliance in the AUB system being controlled: 

AUB 
c 

Water heater 595Q 2000 34 
Space heater 2870 1400 49 
Air conditioner 1890 910 48 
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Recause of the limitations imposed by costs of instrumentation, the load control experiment 
does not, in thc classical sense, employ a control group. Instead, repeated measurements ~f the 
same hoaasehold are taken when the house i s  (and is mot) under control. Comparisons are made of 
observations taken from the same points during load control and noncontrol pcaiods, making it 
possible to obtain statistically significant data or: changes in peak loads with fewer metered points 
(i.e., houses with ARMS or smart meters) than would be the case if a separate control group were 
used. The sequential bestifig procedure used here also makes it possible to test different control 
strategies (e.g., 13) varying the intcnsity and/or times af conti.01) on the same house. The 
technique was developed for the A4CE as part of the EPWI-firnded appl.iance-load-profile data 
gathening effort. (Elements of this technique have already been applied to othss utilities and EPRI 
projects; this is an early instance of technology transfer from the ,4,4CE project.) 

All participants are given an "audit," which records lifestyle data; house size, ~ o n s t ~ ~ t i ~ t ~ ,  and 
insulation; appliance mix and size; thermostat settings; and attitiides toward the experiment and 
the utility. Personal interviews and audits, telephone interviews9 and rnaile surveys to participants 
and nonparticipa;ats will seek to determine: 

1. any differences between the population rqmsented by the participants and that represented 
by nonparticipants or the AUB system as a whole; 

2. customer acceptance of, knowledge of, and attitude toward load control; 

3. customer awareness of load control; 

4. modificatioris to customer behavior in response to load control; and 

5. reasons for dropping out of the experiment. 

To test the effectiveness and reliability of the I d  control system, data on the performance of 
the load control hardware, software, and communications system wiil be collected. All failures, lost 
commands, etc., will be tabulated to indicate the availability and reliability of the system and the 
causes of failures. 

ED VQLT/VAR CON 

'The volt/var control experiment involves contr 01 of capacitor banks, LTC transformers, acd 
regulators to 

1. maintain the required voltage profile along the feeder, 

2. maintain power factor close to unity, 

3. reduce feeder losses, and/or 

4. implement voltage redcctions for indirect load control. 

The volt/var cxpciiments will implemznt computer-automated control of 28 capacitors, I 
substation LTC trarrsformer, I substation regulator, and 5 line reg;lntors on 12 feeders of 3 
substations of the AUH system The expeiiments will use a tws-wdg. commui~icaqions system with 
remote terminal units (RTUs) to monitor the status of the capacitors, single-phxe and three- 
phase bus voltages, active power flows, and reactive power floks at an average of four locations on 
each feeder and near the line regulators and capacitors, 
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The objectives for implementing real-time volt/var control on the AUB system are to 

1. determine whether or not real-time computer-automated capacitor control is effective in 
reducing line losses and in providing var support for the transmission system; 

2. determine whether or not computer-automated regulator control is effective in reducing feeder 
volhge drops, ensuring acceptable voltages levels, and providing a means of reducing loads; 

3. determine the type of application software needed to determine real-time volt/var control; 

4. determine whether the type of computer communications and control equipment is adequate 
for collecting monitored data and for implementing volt/var control actions; 

5. determine the benefits of coordinating volt/var control with load control and system 
reconfiguration; and 

6.  identify the requirements for future-generation distribution automation systems that will 
employ volt/var control. 

Five volt/var experiments will be implemented on the AWB system: 

1. computer-automated capacitor control (shortened in this discussion to “capacitor control”), 

2, computer-automated regulator control (”regulator control”), 

3. combined computer-automated capacitor and regulator control (“combined capacitor and 
regulator control”), 

4. voltage reduction for indirect load control (”voltage reduction”’), and 

5. intggrated voltlvar control with load control and system reconfiguration (“integrated 
control” 1. 

The first two experiments are ereguisities for the third experiment, which involves 
s and regulators. The fourth experiment will test voltage a u t ~ ~ ~ ~ i ~ g  the control of both capaci 

duction for reducing load. ‘The last experiment, which will occur in the second year, will 
e benefits of integrating the control of capacitors and regulators with load control. an 

~ ~ c o ~ ~ ~ ~ r a t ~ o ~  functions. 
During the first year of i mentation of the volt/var experiments on the AU 

capacitor control, regulator q: 1, and wiltage reduction ~ x ~ r ~ ~ e n t s  will be tested. Possibly the 
combined capacitor and r e ~ u ~ a t o r  control ex ment will be tested as well* Also 
year the ~~~~~~~~~~~ scsftware will ~ e ~ e ~ ~ ~ n ~  capacitor and regulator control a 

e system operator wi!l maintain c ~ ~ ~ ~ ~ t e  ~ o n t r d  of the capacitors and regula 
s e m d  year, the system o erator will be taken out OB the ccaratrol loop and will on 
respond to alarn-as, such 
and cot1trol araethods not eo 
will continue, and the capacitor and regulator control an 
experiments will be teste 

/or regulators ~ ~ ~ ~ ~ ~ ~ ~ ~ & ,  

Also during the second year the voltage reduction ex 

The benefits of using a ~ ~ s t r ~ ~ ~ t ~ ~ ~  ~ u t o ~ ~ t ~ o ~  system to implemermt volt/var control will  be 

1, the ~ n ~ t r ~ t ~ o n  of hardware (e.g., number of capacitors and/or regulators that are 
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2. level of intelligence needed to control the capacitors arad/sr regulators (ix., var controllers, 
WTUs, etc.); and 

3. the amount of instrumentation (number of rnonit sed pint s )  required to achiovr: reduced line 
losses, improved voltagc profiles, reduced thermal loading, and improved feeder powcr factors. 

ECBNFIGURATION EXPERIMENT 

The system reconfiguration experiment involves controlling feeder switches and breakers, 
monitoring the status of fault detcetors, and monitorhg other conditions (e.g., load and voltage) at 
points on the feeder and in the substation. The experiment will seek ways to 

I .  enhance distribution system reliability through 

a. fault detection, 
b. fault location, and 
c. fault isolation and service restoration; 

2. improve capacity utilization and reduce loading through 

a. feeder monitoring, 
b. feeder load transfer, and 
c. substation load transfer. 

Installed at AUB to implement these six functions are automated monitoring devices, including 

1. potential transformers and current transformers for analog values, 

2. switching element status indicators, 

3. relay status indicators, and 

4. fault current detectors. 

The distribution system components to be controlled are 

1. feeder circuit breakers, 

2. power reclosers, and 

3. motor-operated load break switches. 

The objectives of the reconfiguration experiments are to determine 

I .  the improvement in distribution system service reliability that can be achieved hy automated 
fault detection, location, isolation, and service restoration; 

2. the improvement in distribution system capacity utilization that can bc achieved through 
automated fseder monitoring, feedca load transfers, and sarktatirrn load transfers; and 

3.  the amount of automation hardware required to achieve the above benefits. 

The experiments dealing with fault dctectiora and clearing will determine the hardwasc (coi~trol 
and monitoring) needed to implement these functions, the procedures to be nsed, and the methods 
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and data required to evaluate the benefits of automated fault handlixrg. The faults addressed will 
be ~ o w - ~ n ~ ~ e ~ a n c e  shunt faults, If time permits, ~ e ~ ~ ~ t ~ o n  of ~ ~ ~ - ~ ~ p e ~ a n c e ~  or series, faults may 

enipted in later years. 
onitoring and load transfer functions will be aimed at discovering and exploiting load 

ivel-sity between feeders and feeder sections. During t e first year, there will be much emphasis 
on data gathering and load characterization. The only load transfers attempted will be those 
known to be safe (is., will cause no overloads). As greater confidence is gained in load 
characterization, more extensive load transfers will be attempted. CbRNL is developing a computer 
modeling and analysis tool to facilitate before-the-fact analysis of possible load transfers and 
feeder reconfigurations. This analysis program will be used to evaluate reserve capacity and 
identify potential overloads. 

RESULTS TO DATE 

As of November 1985, the f ~ ~ l o w i n ~  milestones have been reached by the AACE: 

1. The system procurement is completed. 

2. The BBCSI hardware and software have passed the factory and site acceptance tests. 

3. The central computer has been installed at AUB. 

4. The AACETS computer has been installed and is operating successfully at ORNL. 

5. The bulk of the control and monitoring hardware has been installed; only customer 
installations of load control receivers, smart meters, and electric ARMS must be completed. 

5. The AACE has been gathering data on the AUB system since July 1985. 

7. The test plans for the Learning Year for load control, volt/var control, and system 
reconfiguration have been completed. 

8. The control capabilities have been exercised. That is, capacitors have been switched, regulator 
settings changed, feeder switches controlled, etc. 

Data are available from substation and feeder monitoring equipment and from the installed 
electric ARMS and smart meters. Analysis of these data i s  underway, and there are preliminary 
results showing household and appliance load profiles, feeder and substation load profiles, and the 
effects of capacitor switching and regulator control. on voltage profile and feeder losses. Also, AUB 
and QRNL personnel are developing and using cathode-ray tube displays on the control computer 
to analyze feeder conditions and dispatch capacitor and regulator control commands. 

The AACE installation and planning for the Learning Year is complete. Currently, ORNL 
and AUB personnel are in the midst of collecting data, developing models and analysis techniques, 
and testing the control capabilities of the AACE hardware. 
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The following tasks remain: 

1. completion of installation of electric ABMs, load control receivers, and smart iiieters; 

2. completion of the AACE load control analysis plan, detailing the acquirements to analyze the 
data and evaluate the experiments; 

3. completion of programming for AACETS; and 

4. preparation of the test plan for the Integration Year, 

Technology transfer of AACE results is already underway; in fact, the installation procedures 
and designs for automation equipment developed for AACE havc already beeK used by other TVA 
distributors. Analysis techniques and operator interface procedures haw been discussed with other 
utilities. The seqiiential testing methods, developed for load profile data gathering and analysis of 
the effects of load control strategies, havc besn applied to other EPKI research projects. Finally, 
several additional technical papers and presentations are planned to document experimental work. 







ATHENS AUTOMATION AND CONTROL EXPE MEbJ"r 

DIETRICH ROESLER, PROGRAM MANAGER 

U. S. DEPARTMENT OF ENERGY 

3 DECEMBER 1985 



26 





28 



29 

0
 

w
 



e
 

w
 

81 

b
 

v) 
w

 
t- v) 
z
 

w
 
I
 

2 

,/ 



EXPERIMENTS 

SYSTEM RECONFIGURATION 

COHTROL OF FEEDER SWITCHES. 

RELAYS, ETC. TO REGLJ'ATE LINE 

LOADINGS, IDENTIN AND AVOID 

SYSTEM PROBLEMS. AND QUICKLY 

LOAD CONTROL 

CONTROL OF APPLIANCES, MOTORS, 

ETC. TO REDUCE ELECTRICAL DEMAND 

AND REDlSTRlBUTE ENERGY USE. 
RETURN SERWCE AFTER 

OWER DISRUPTIONS. 

V O L T ~ V A R  CONTROL 

CONTROL OF VOLTAGE REOULATORS. 

CAPACITORS, ETC. TO INCREASE 

POWER FACTORS AND OPTIMIZE 

VOLTAGE PROFILES. 

w P 



32 

// 
/
 

-
.e

-
-
-
-
 

\. 
-
-
-
\
 

\
 I 



33 

L
L

I
 

0
0

 



34 

> 



z
 3
 

0
 
1
 

z
 

M
 

-
 I z
 - 



36 

w
 

E
 

3
 

I- a b
, 



37 

i 









DESCRIPTION OF PROJECT AN OVERALL STATUS 
Steven L. Purucker 

This was an overview presentation designed to (1) establish the project o 
rationale, (2) identify project organization and industry participation, and (3) communicate 
project experiment status. The AAGE experiments are designed to quantify the benefits associated 
with automation and, through experimentation, to determine the minimal amount of hardware 
required to support automation functions. In addition, the experiments are designed to ultimately 
relate the Athens experimental data on a cost/benefit basis so that utilities considering distribution 
automation will have the results of “real world” automation experiences. The development and 
testing of control strategies are required to generate experimental data and to demonstrate the 
strengths and weaknesses of an automated distribution system. 

The experiments are divided into three areas: load control, volt/var control, and system 
r ~ ~ o ~ f ~ g u r a ~ ~ o n ~  h a d  control deals with customer ~ o ~ ~ t ~ r ~ n ~  and control. ~ ~ l t ~ ~ a r  control deals 
with voltage: regulator and capacitor monitoring and control. System ~ ~ ~ n ~ ~ ~ u ~ a t ~ o n  deals with 
breaker and distribution switch control. The experiments will be co~ducted in two phases: (1) a 
Learning Year to determine power system and customer responses to various control actions so 
that models can be verifed, modified, or created; and (2) an Integrated Year to combine operation 
of customer load control and capacitor and regulator control, as well as breaker and switch control 
to examine the interaction of control actions and responses. 

The personnel organization of the AACE was presented. Distribution automation involves a 
wide range of expertise and impacts many divisions and departments within a utility. Project 
personnel are divided into either design and installation or application (experiments). This division 
permits fuller utilization of the hardware because the application people focused on how the 
automation system could be used and were not initially concerned with hardware limitations. 
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EPRI PERSPECTIVE 
Clark W. Geitings 

EPRI’s involvement in the Athens Automation and Control Experiment (AACE) derives from 
the desire to develop analytical tools and to obtain results that could be widely used in the utility 
industry, as well as to capitalize on the availability of a high quality data-collection 
mechanism-the AACE. By augmenting the direct load control (DLC) experimental design, load 
monitoring, and analysis efforts of the AACE, EPRI will contribute in three major areas of 
interest to the utility industry. These areas include the development of transferable analysis tools 
for demand-side management (DSM) program design, implementation, and evaluation; the 
construction of a transferable data base for characterizing residential programs; and an assessment 
of customer response to DLC programs. 

At the core of the project is the realizaton that three classes of factors interact to affect both 
the impact on loads and the response of customers to DLC. These classes can be categorized as 
environmental, including temperature and humidity; physical, including household characteristics, 
appliance efficiency and cycling strategy; and behavioral, including thermostat setting, household 
operations, prices and incentives, and income. 

The principal activities for the project RP2342-1 encompass experimental design, analysis 
design, and impact design. The first two activities have been completed while the impact design 
continues as the experimentation progresses. These activities have contributed and will contribute 
to research products for the utility industry. These include the DESIGN Model software, which is 
now in the pre-release stage, the Handbook for Utility Experiments, which is nearing completion, 
and the Impact Model, which will be estimated from the data derived from AACE 
experimentation and validated with data from other utility experiments. 

Taken together, these research products and their supporting analyses will contribute to an 
integrated approach for utility demand-side planning. 
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COMMUNICATION AND CQNTRQL SYSTEM 
Steven L. Purucker 

The Intergrated Distribution Control System (IDCS) is the hardware system on which the 
experiments will be conducted. The IDCS consists of two separate types of equipment: (1) a 
traditional Supervisory Control and Data Acquisition (SCADA) system modified for distr~b~tion 
automation and (2) the interface equipment, which is that equipment required to link the SCADA 
system to traditional utility equipment. 

Additionally, Electric Power Research Institute (EPRI) is providing a separate customer 
appliancs monitoring system, the Electric ARM system. EPRI is also a codesigner of the load 
control experiments. 

The ~ o ~ ~ ~ n i ~ a t ~ o ~  and cantrol system is an "experimental tool" that will be used to conduct 
the AACE. The communication and control system combines standard and nonstandard (custom) 
hardware and coordinates both types of hardware through a SCA A software program. This 
presentation reviews the design and co~munication capabilities of the communication and control 
system. 

Tbe c o m ~ u n ~ c a t ~ o n  and control system allows system operators to collect data from the 
Athens Utilities ard (AWB) network and enables them to manipulate the network with load 
control and dist tian control commands. Both data collection and control capabilities must 
operate under abnormal as well as normal conditions of the AUB network. TO ensure this level of 
reliability, proven components of SCADA hardware and software are used. Standard hardware 
components of the communication and controll system include remote terminal units, signal 

n units, and load control receivers from Brown Boveri Controls Systems, Inc. Qther major 
ents are Metretek smart meters, Digital Equipment Corporation (DEC) computers, and 

rown hveri"s ~ ~ ~ ~ C A ~  111 
owerating system. 

~ ; ~ ~ ~ u n i ~ a t ~ o ~  among the various hardware elements takes place over three kinds of 
channels: (1) dedicated (leased) telephone lines, (2) ordinary dial-up telephone lines, and (3) 

from the remote units are displayed to system operators and recorded in "history files" for later 
analysis. P r o ~ i s i ~ n s  for future expansion and adaption of software will facilitate adding real-time 
control to e x ~ ~ r ~ ~ ~ ~ ~ s  and on-line data analysis to accelerate e x ~ ~ ~ ~ ~ n t a t ~ o ~ .  

isplay generators. The major software c o ~ p ~ n e n t  is 
software, running in the environment of DEC's WSX-I 'I 

istributim lines themselves (in the form of power line carrier messages). 
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s may not be 
omation systems t ~ ~ ~ c ~ ~ ~ ~  i low-level standa signals while processes are 

usually ~ ~ ~ r a c t ~ ~ ~ ~ ~ ~  by physical and n o ~ s ~ a ~ ~ ~ r ~  electrical states. This interhce problem is 
normally solved by the addition sf ~ ~ s t ~ u ~ e n ~ a t ~ o n  between the a u t a ~ ~ t ~ ~ ~ ~  system and the 
process. I n  addition to the interface function, instrumentalion can allso perform useful work, such 
as information preprocessing and compensation for environmental hctors. A particular 
instrumentation requirement can usually be satisfied by fdlowing a plan that consists of four 
steps: 

1. def i~~t ion  of the interfaces, 

2. identification of the functional r ~ ~ ~ ~ ~ ~ r n e n t s ,  

3. selection, and 

4. maintenance, 

Accuracy is an important consideration due to its potential effect on system operation, costs, 
and reliability. i n  a research effort such as the Athens Automation and Control Experiment 
(AACE), accuracy i s  very important since it directly affects the resulting data quality. Accuracy 
specifications available from most manufacturers provide the necessary data for identification of 
instruments that need particular accuracy qualifications, but subsequent calibration is required if 
specified accuracy is to be achieved after installation. The calibration procedures that are used in 
the AACE are: 

1. prior to installation, test and calibrate all active instrumentation; 

2. calibrate the major components (RTUs), and then calibrate instruments that tie to the major 
components (transducers); and 

3. on a routine basis, recheck calibration. 

Problems will be encountered, even with the best instrumentation and particularly during 
initial system shakedown, but they can be approached and successfully corrected by following five 
basic steps: 

1. observe and identify the symptom, 

2. duplicate the conditions for study, 

3. isolate the problem to a subsystem or component, 

4. identify the problem cause, and 

5. correct the problem. 
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THIRD PARTY CONTRACT 

* CALIBRATION 

RECOGNIZED STA s 

PERSONNEL 

EXPERIENCE IS A KEY FACTOR 
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CALIBRATION PROCEDURES USED FOR THE AACE 

o TEST ALL ACTIVE INSTRUMENTATION PRIOR 
TO INSTALLATION 

* SIGNAL CONDITIONERS (KW,KVAR, KV, ETC.) 

AFTER INSTALLATION, PERFORM 
SYSTEM CALIBRATION 

LIBRATE MAJOR COMP NENTS FIRST 

T TIE TO 

I )  CK CALIBRATIQ ON ROUTINE 
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20% OF SMA 76- METERS WERE IN 
LAPE-CALL ALARM STATE. 
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PERMITTING THF DEVICES TO BE 
SUSCEPTIBLE TO 
@a M M u N E CAT1 ON s 
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RESISTOR-DIODE CLAM PING 
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POLE-TOP-UNl7 PHONE LINE 
ACCESS 

IN EXTENSION-LINE CONFIGURATION, 
POLE-TOP-UNITS FAILED TO 
RECOGNIZE 'BUSY' LINE AND 
TRANSMITED OVER ONE ANOTHER. 

CAUSE: OFF-H0QK SENSING CIRCUIT DESIGN 
ERROR. 

SOLUTION: REPLACED ZENER DIODE IN OFF-HOOK 
SENSING CIRCUIT. 
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ENGLEWOOD SUBSTATIONS. 

CAUSE: BLEED-OVER OF NORTH ATHE 
PLC TRANSMISSIONS VIA 

QRTH ATHENS 

SOLUTION: 
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PHASE INJECT 
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P O L E-TO P- U N IT FA I L U R ES 

SVMPTO 20% O f  POLE-TOP-UNIT CPU 
BOARDS HAVE FAILED. 

ARE ERROR, COMPONENT 
SPECIFICATIONS, AND U ~ K N O W ~ .  

TESTING BY THE MA 
PROGRESS. 
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S WILL BE ENCO NTEREE), BUT THEY 
CAN BE MANNAGED AND CORRECTED BY 
EXPERIENCED PERSONNEL. 





RESIDENTIAL APPLIANCE MONITORING 
Eva R. Broadsway 

Residential appliance monitoring was included in the load control experiment of the Athens 
Automation and Control Experiment on the advice of the utility advisory group. The purpose of 
this monitoring was fourfold. 

1. To build load models for transfer to utilities; 

2. To allow correlation between individual appliance loads and the total household load; 

3, To study the relationship of interior temperature and space heater, air c~nditioner, or heat 
pump duty cycles; and 

c:octmX. 
roviele support in the other ex 

e i f k  ~~~~~~~~~~ 

ner, and heat p 
osen fm monitoring are water heater, central space 
. In addition, total household load and interior dean 

residences will have residential appliance monitoring. From one to four of the 
selected loads will be monitored at each residence. The residences and m o ~ ~ t o r e ~  loads at each are 
selected from one of four strata identified by Minimax (EPRI contractor) and ORNL researc 
based on energy use patterns. Power consumed is determined on 5-rnin intervals, arid the total for 
each interval is recorded. These data are stored in hardware at the residence and transferred to 
the ORNL computer, “AACETS,” at a predetermined time using the customer’s telephone line. 

Hardware and software for residential appliance monitoring are supplied by EPRT, with 
installation by Athens Utilities Board and overall coordination by ORNL. 
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HOW DOES MONlTORiNG WORK? 

WATER HEATER- 

STORBS ~~~~~~A~~~ 
CALLS COMPUTER 
ONCE A DAV OR LESS 

OECODES SIGNAL 
fROM POWER LIME PHOIYL LINE 

TRANSPONDER 
BOX PUTS SWNAL 
ON POWER LINE 

ELECTRIC WIRE 
TO WATER HEATER 
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E 
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O PROBLE 

SOLUTIO E PROM CHIP AND 
UPDATE COMPUTER PROGRAMS 

9 PROBLEM: RELEASE OF CUSTOMER 
TELEPHONE LINE 

BOARD 
SOLUTION: INSTALL DETECTOR / INTERRUPTER 

e PROBLEM: ANSWERED TELEPHONE AFTER 
12 RINGS (CUMULATIVE) 

SOLUTION: ODln/ PROGRAM IN 
FIRM WARE 

PROBLEM: ELECTRIC ARM HARDWARE 
FAILURES 

SOLUTION: UNDER iNVESTlGATlON BY 
MANUFACTURER 
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EQUIPMENT INSTALLATION 
N. D. Fortson 
L. D. Monteen 

Distribution system interface equipment includes two types of intelligence on the distribution 
system: 

1. Fifty-one pole top units (PTU) 

(a) Report by exception on an extension-type phone arrangement; 

(b) As developed, they became pole bottom units (name is a misnomer); 

(c) Each unit on same line has a time delay built in so as to reduce the chance of a 
communications coflison with another PTU; 

(d) I f  they do coincide, each will retry at 5-min intervals until call is completed; 

(e) Can be made to call in by “Demand Scan;” 

(f) Report analog values back in volts, watts, and vars. All other values are calculated; and 

(g) Can monitor 12 analog points, 12 status points, and have 1 latching and 2 momentary 

2. Distribution remote terminal unit (DRTU) 

(a) Functions the same as PTU, except can control and monitor line regulators; 

(b) Has 4-wire phone with no time delay; 

(e) Has more expanded capacity than PTU. 

relays. 

When it was possible, all interface equipment (the mounting brackets, holes to be punched, 
transducers, arrestors, any pee-wiring, fuse blocks, etc.) was mounted on the ground to save time 
and for ease of installation. 

1. Eleven power reclosers 

(a) Directly controlled through a set of relays; 

(b) “A” switch (reclosing relay); 

(6) “G” switch; 

(d) Open, close; 

(e> Three-phase monitoring and operated recloser. Installed cost = $3,800.00-82 man 
hours. 

2. Thirty-six motor operated device (MOD) switches 

(a> Directly controlled through a set of relays; 

(b) All battery backed up; 

(c) Motor operated switch only point cost $6,500.00---51 man hours. 
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3. Fifteen var controllers 

(a) Activated by vars; 

(b) High and low voltage override; 

( c )  Neutral current relay will cut out bank due to imbalance. 

4. Seventeen distribution control receivers (DCRs) 

(a) Operate cap bank; 

(b) 1 latching, 2 momentary; 

(c) Power line carrier (PLC); 

(d) Also PTCJ can override-monitoring, ma iwa1, or auto; 

(e) Problem with motor-operated oil switches, nccdcd solenoid-operated due to momentary 
relay in DCR; 

(f) For DCR/VAR installation on 1205 KVAK cap bank including capacitors. 
Installed cost = $4.600--43 man huurs. 

5. Current TransfortneP/Potential Transfornier (CT/PT) -1 8 ?-phasel 26 I -phase points 

(a) Pre-assembled on ground; 

(b) Saved a lot of time by doing this, plus a lot of wmk.  

6. Fault sensors 

(a) Also pre-assembled; 

(b) Replaces existing arm; 

(c) Built-in CT converts 6QA on primary lo 1 VDC; 

(d) Current over 60OA will give an alarm output; 

(e) Imbalance problem. 

The effort to install this equipment with the work force available in Athens and Qithin the 
established time frame was a challenge, to say the leas:. The attitiidcs of some of the people were 
negative in the beginning, as with anything new. But as things progressed and the operating and 
engineering advantages were seen, these negative vicws changed to positivz outlooks. By keeping 
people informed, asking for input, and complimenting people for work well done, most anything 
can be accomplished. 







EXPERIMENTAL DATA AND DATA MANAGEMENT 
Patricia Sa Mu 

The objectives of this presentation are to describe the Athens Automaton and Control 
Experiment’s data bases and the management of these data. 

Five major categories of data are being maintained: (1) IDGS (Integrated Distribution 
Control System) data which monitor the distribution RTWs (Remote Terminal Unit), single- and 

ase PTUs (Pole Top Unit), feeder loads, and total household loads; (2) household 
appliance-specific data; (3) household audit data; (4) pre-experiment substation loads; an 
historical data on substation loads and weather. 

The data processing procedures for this experiment present a major challenge for the fo~~ow~ng  
reasons: (1) the tremendous volume of data that is colllected on a daily basis, (2) the need to 
reduce; the repetitious progra 
requirements for subsequent 
the raw data in the event of 
System) files, to condense data volume, and to r 
analysis. All of these ~ t ~ ~ ~ t ~  programs were autom 

being collected on a daily basis. The automated data processing procedures d ~ w  one to meet the 
challenges mentioned above and to devote resources to data ~ n t ~ ~ ~ ~ ~ a t ~ o n  and analysis. 

g tasks far the processing of the data, and (3) t 
analyses. ~ Q ~ ~ ~ t e r  utility programs were deve 
sible computer system crash, t~ create SAS (Statistical Analysis 

anize the data structure for su 
to reduce repetitious p ~ ~ g r a ~ ~ ~ n g  tasks. 

There are approximately 2 data sets being ~ ~ ~ ~ ~ ~ ~ ~ ~ d ,  and more than 10 megabytes of 
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DATA VOLUME IS CONDENSED ABOUT 
ONE-HUNDRED FOLD 

0 APPROXIMAT~LY 10 MEGABYT F DATA 

+ 
m 

COLLECTED ON A DAILY BASIS 
- A HALF COMPUT lJTgUT PER DAY 

O NO1 FORMATION IS LOST 
0 DATA STRUCTUR IS CHANGED TO 

SUIT SUBSEQUENT ANALYSIS 
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@ DESCRIPTION OF DATA 
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AUTOMAT D PROCESSING PROCEDURES 
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DATA ANALYSIS GROUNDWORK 









LOADCONTROL 
John H. Reed 

This talk describes the objectives, the hardware, the structure of the experiments, and some 
preliminary data from the load control portion of the Athens Automation and Control Experiment. 

The objectives include: (1) characterization and modeling for operations and €or building an 
impact assessment model that is transferable to other utilities; (2) the evaluation of alternative 
control stategies; (3) the evaluation an identification of customer comfort constraints; (4) the 
evaluation of customer acceptance; and (5) evaluation of instrumentation requirements. 

central electric beating units, or heat pumps will be independently controlled in 
homes. Energy use will be monitored at the appliance level in 200 homes, at  the bousehold level in 
approximately 350 homes, at 51 locations on the feeders, and at each of the feeder service points 
at the substation. In addition, information about appliances, characteristics of the thermal 
envelope, end customer lifestyle and demographics are being gathered for each ~ o ~ s e ~ o ~ d  having a 

trol receiver. Weather information and some indoor temperature data are also being 

The design of the experiments is based on a model of residential electric load. W e ~ t h e r ~  human 
behavior, the thermal characteristics of buildings, and appliances combine to ex ain electric bad. 
External control of appliances will alter load shapes and may result in changes to 

sets of experiments have been designed. There is one set of experiments for water beating, 
itioning, and heating loads and additional experiments and analyses to evaluate customer 

One to three residential appliances chosen from among water heaters, central ai 

acceptance, instrumentation needs, and reliability. 
For each appliance, the conditions under whish corntrol action 

day at which control action i s  taken, the length of the control 

~ ~ ~ ~ ~ ~ ~ ~ ~ ~ s ~ ~ e  data. 
during the control p iod when the appliance is off have been 

r example, one slide shows the summer bad profile: for the Athenas system, 
iversified demand for a ~ r - ~ ~ n d ~ ~ ~ ~ ~ ~ n g  as estimat 
. The control per id  has been chosen t~ maxim 

second slide shaws the t ~ ~ ~ r a ~ u r ~ ” ~ ~ ~  types and t ons OF “off-time” per half 
hour tXaat are sf interest. For each pro eustamer days sf control 
(is., the number of days households with monitoring will have t~ be sampled) have been 
calculated in order to obtain statistically significant results. 

The Athens customer base has bcen divided into ( 1) Ehose customers having very high 
and winter use, (2) those having high summer an high winter use, (3)  t,hose having hig 
use, (4) those having high summer use, and. ( 5 )  the remaining customers who havc ~~~~~~~e to 
Bow usage the e tire year. Customers w are to have appliance ~ ~ o ~ ~ ~ ~ r ~ n ~  and/or w 
household rnonito ng 3re being randomly ru i td  cqually from the first four groups (50 2 

if they have selected appliances. Customers w are to have whole 
ers with load con ing recruited equally from all five groups. Cu 

selected from the first four groups. 
The recruitment procedure is based on personal marke ng and differs ~i~~~~~~~~~~~ fmm the 

incentive-based ~ p p r o a c ~ ~ s  used by many utilities. Based o the results of 344 customer contacts 
diiring the early phases of recruiting customers to be monitored and controlled, a ~ ~ r o x ~ r n a ~ e ~ ~  75% 
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of the customers contacted during this period agreed to participate. However, only half that 
number actually had thc ieqeaired appliances to make them eligible for installations in their home. 
Just 12 percent of those approached refused to participate. The remain er were exchided for a 
variety of reasons, such as hcalth or the likelihood that they would move. This method has prsvcn 
extremely effective especially wheri compared to typical indmtry praciiccs which often result in 
low acceptance rates. 

Several of the slides show prelirminary results from early tests of the monitoring and control 
system. There are several slides depicting the differences in water heating by day of the week. 
The demand during a one-hour water heater control action at 7:34 a.m. on November 5,  1985, is 
comparedl with the average kWh/kr (diversified demand, i.e., average kW) water heater usage for 
Tuesdays in October. This comparison was based on the monitoring for approximately 20 
residential customers. The water heater curve for a typical Tuesday in October is bimodal with a 
major inode betwce6q 7:OO and 8:OO a.m. and a minor mode at approximately 8:O 
comparison of the two curves shows that the. average coinsumption was reduced by approximately 
0.75 kWh/hr and that a new major mode of approximately 1.25 kWh/hr was produced upon 
release of the appliances from control. 

Thcsc results are bascd on small samples and thus are not generalizable. However, when 
additional samp’es. are taken and results are related to custoncr demographics, appliance lioldimg, 
weather, and housing characteristics, it should be possible to build an impact model that other 
utilities can use to evaluate the impact of load control programs. Other analyses will focus on the 
level of metering rcqaird to understand the ismpacts of coaitrsl, the williilgncss of customers to be 
controiled, and the retelltion of customers in thc program. 

To date, the Athens pmjxt  has ( 1 )  developed methods for screenkg customers for 
participation based on billing data, (2) developed sampling techniques for idcntifying monitored 
custcmers, (3) implemented a pa-tical  method for achieving high rates of customer participation 
in the program, and (4) carried out control actions that demonstiate that appliances can ‘=.e 
controlled and that the data from the control actions can be evaliiated at the appliaace level. 
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CONTROL EXPERIMENT B ~ ~ ~ ~ ~ ~ ~ N ~  
Steven D. Braithwait 

The AACE provides EPRI with the opportunity to pursue the goal of ~ r ~ v i d ~ n ~  analysis tools 
and results to the utility industry in an  efficient manner. By sharing the capabilities of the 
c ~ ~ ~ ~ ~ ~ c a t ~ ~ n s ,  load control, and data acquisition systems placed by DOE h Athens, EPRI will 
be better able to meet the project objectives of (1) developing transferable tools for program 
design and assessment, and (2) developing an analysis data base that accurately represents the 
residential DLC program. 

Primary emphasis has thus far been directed in two areas: experimental design and analysis 
design. Experimental design focused on the development of an overall scheme that would ensure 
the highest probability of success in the experiments. A sample design based on available usage 
data and survey responses was constructed resulting in a plan calling for 50 customers in each of 
four strata to be sampled. End-use metering devices will1 he placed in these households to monitor 
a mix of water heater, space heater, air conditioner, and totd household loads as well as indoor 
temperature. An experiment plan detailing the selection and sequencing of control strategies was 
also prepared. Historical weather ~ ~ ~ ~ r ~ a t ~ o n  was used to define the set of feasible control 
strategies, 

to be cdlected during the load control experiments as well as specification of an impact 
assessment model. This m d d ,  known as t odd, will evaluate thc impact 

The analysis design include the development of a plan for analyzing the laage amount of 

uty Cycle Impact 
0% the varicata,s DLC strategies hy ~ s $ ~ s s ~ ~ ~  changes in the rlatural operation, or duty cycle, of the 
csntxoiled ~~~~~~~~e~ 

odd, now in a research grade, pre-release 
version. This PG-based In0 Be tool for use in ~~~~~~~~~~ 

BLC experia@nts before ii 

Deliverables in the project isaclude the DESIGN 

hancing the Rikelihu 
~ ~ ~ e ~ ~ ~ ~ ~ ~ ~ t ~ ~ ~ ,  which will sera as 

in addressing issues relevant for utility ~~~~~~~~~~, and, most i 
el of DLC impacts. 

~ ~ ~ ~ ~ ~ e r a b ~ i i t y  i s  the to ~ ~ ~ v ~ ~ ~ n g  the industry with a bro 
will evaluate the effects of several 

~ ~ v ~ r ~ ~ ~ ~ ~ ~ t ~ l  conditions and incorporate behavioral responses to appliance control. In this way, a. 
integrated approach to modeling the factors that influence load will be carried out, yielding the 
desired transferable model, data base, and results. 

useful product. To achieve 
this goal, the impact nP C strategies under varying 
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This presentation 
collected from the E ARMS s ~ ~ ~ ~ t ~ r ~ n g  group in Athens, Tennessee. The enaphasis af the 
presentation is placed 5n a detailed iscussion of the ~ o ~ e ~ ~ ~ ~  ~ ~ ~ r ~ ~ c ~  that has been developed 
for analyzing the Athens end-use da and the d e v e ~ o ~ ~ e n t  of a transferable model for direct load 

I portion of the AACE is conveniently partitioned into Design, ~ ~ ~ ~ e ~ e n t ~ t i o ~ ~  and 
Analysis/EvaIuation phases all leading to desired Results. The Design phase encompassed initial 

an €or sampling 
as specification 

of the end-use metering equipment necessary to monitor the experiments. Implementation 
activities included development of an indoor t e m p e r ~ t ~ r e - s e ~ s ~ ~ ~  device to provide B physical 
measure of DLC impacts as well as c o ~ ~ p ~ ~ t ~ o ~  of an. ~ x ~ ~ r i ~ ~ ~ ~  pian that specifies which control 
actions will be implemented for each appliance under study* The ilnalysis phase i s  now beginning 

will employ the Duty Cycle Impact Model for assessing baseline ~ e ~ ~ ~ ~ o r ,  control impacts, 
and customer acceptance. 

The Duty Cycle Impact Model focuses on the physical behavior of the appliance under control. 
For any time period, appliances such as space heaters and air ~ ~ n ~ ~ ~ ~ ~ n e r s  have a nat 
operation, The proportion of time “onn is called the duty cycle of the appliance. 
control alters the natural duty cycle of an appliance in the case where the natural duty cycle 
exceeds that permitted by the control strategy. For example, an appliance that would normally 
operate at an 80% duty cycle would be restricted to 75% operation by a control strategy of 25%. 

uty Cycle Impact Model will &e used to estimate the ~ ~ s ~ ~ ~ ~ ~ t ~ ~ ~  of uty cycles for each 
natural duty cycle far ea& time period, a 

scribes briefly the ~ o ~ i ~ ~ a t ~ ~ n  for the analysis of the data now being 

COUtrOl (Z)LC) impdcts. 

cation of the model to be used in data analysis, careful prep 
customers based on seasonal usage and inferred appliance h 

of the day. Since each appliance 
cu81wtion of apgliamces will exhibit is. distri 
all of khme ~ ~ s t r ~ b ~ ~ t ~ o ~ ~  over a day, one for e 
surFwe that describes the behavior of the set 
controll, control, and post-control will be evalu 
by various DLC strategies, 

es for each time peeio 
9 we obtain a duty cy 

nees over the entire day. The impacts, yre- 
~~~~~~ the changes in the surface caused 
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MATION AND C 1 

@. R. Wetherington, Jr. 

The AACETS is a general purpose support tool that was developed by ORNL to support the 
activities of the Athens Automation and Control Experiment (AACE). The AACETS consists of 
two major subsystems. The first is a scaled-down copy of the Athens IDCS that features the same 
type of host computer, software, and database as the IDCS. The second subsystem is an electrical 
distribution system simulator called the smart test panel. The smart test panel is based on a 
commercially available automation device called a programmable controller and is used to 
generate electrical signals that are monitored by the control subsystem as KV, KW, KVAR, etc. 
Previously gathered distribution system data can be tabularized in the programmable controller’s 
memory and sequentially accessed and transferred as electrical signals to the control subsystem 
such that they appear like those associated with the AUB electrical distribution system. As a 
productivity enhancer, the AACETS provides the facilities for software development, the 
capabilities for more thorough verification and validation of software prior to ~ n s t a ~ a t ~ o n  on the 
GS, and it also minimizes project dependency on system support. In addition, the AACETS has 

in the procurement, installation, and shakedown of the IDCS. The AACETS provided 
in three major areas during 1985. These areas are system management, data acquisition, 

and software development. 
System management concerns computer systems planning, support, and features enhancement. 

‘The IDCS database, which consists of over 2 points, was built on the AACETS and involved 
~ ~ ~ ~ ~ x ~ ~ ~ t ~ ~ y  9 man-months of effort. In on, project personnel have acquired a detailed 
u ~ ~ ~ r s ~ a n d ~ n g  of the MBDSCAN software package---the software heart of the IDCS-that 
enables more effective system utilization for experimental applications. 

Two data acquisition packages are supported on the AACETS. One package, which was 
developed at QRNL, is responsible for the acquisition of pre-experimental remote substation data. 
It allows the monitoring and storage of up to BO points from each of the three main AWB 
substations on a 5- to 10-min repetitive basis, or high speed (7-sec) acquisition of the data from 
any one of the substations. The second data acquisition package supports the Electric ARM 
system, which was supplied by EPRI. This system allows monitoring of up to four selected 
appliances in each of 200 residences in Athens. 

Software development on the AACETS can be categorized into two classifications. The first 
classification is referred to as support utilities (programs) which are of general benefit to all 
experimental areas. Examples include programs that interact with the IDCS history subsystem for 
the purpose of archiving system information over extended periods and a database reverse compiler 
that is used to capture any database modifications entered from the operator’s consoles. The 
second classification of software that has been developed on the AACETS is referred to as 
software for experimental applications. This classification represents the programs that are 
developed to support the individual experimental needs of the load control, voltjvar control, and 

reconfiguration efforts. Examples include an experiment ~ l a n ~ ~ r / i ~ p ~ e m e n t e r  for the load 
control effort, a capacitor cmtrcal program for the volt/var effort, and an i ~ t ~ ~ ~ a t e ~  version of 
System ~ ~ ~ o n ~ i g ~ r a t ~ ~ ~  Analysis Package (SUSRAP) to support the system r ~ c o n ~ ~ ~ u ~ a t ~ ~ ~  
activities. 
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THE AACETS CONSISTS OF TWO SUBSYSTEMS 
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e purpose of the Vdt/Var Experiments is to determine the benefits of real-time computer- 
ated capacitor and regulator control, The objectives for implementing real-time volt/var 

control on the Athens Utilities ) distribution system are to ( I )  determine whether or 
not real-time computer-autom control i s  effective in reducing line losses and in 
providing var support for the transmission system; (2) determine whether computer-automated 
regulator control is effective i seducing feeder voltage drops, ensuring acceptable voltage levels 
and providing a means of r ucing load (via voltagc reductions); (3)  determine the type of 
application software needed to implement real-time volt/var control; (43 determine whether the 
type of computer, communications, and control equipment is adequate for collecting data and for 
implementing volt/var ntrol actions; ( 5 )  determine the ditional benefits of coordinating 
vok/var control with 10 trol and system recon 

employ volt/var control., 
~ o ~ ~ ~ ~ ~ r  ~ x ~ e r ~ ~ ~ e n ~ $  were ~ ~ ~ d ~ c t e d  on system in September, Octcsber, and 

N~vem'ser 1985 on South Athens circuits No. 7, No. 8, and No, 9. The feeder response of the 
three circuits to capacitor switchinag and tap a d j ~ ~ t ~ e n t s  was tested in ~ e ~ t e ~ ~ ~ r ~  and substatio 
analog data (real power, reactive power, and bus voltages) were collected every 30 seconds. The 

vh~ness of var co trol (r;dsnfrol of capacitor banks through the real-time operating system at 
in reducing re tive power flows was tested against MI var control (all the capacitors 

SWitGhed O f f )  ill October. dog data were collected every 15 minutes during this mo 
November, the res 

at the South Athens substation @very 7 seconds. A hig rate was used in N ~ v ~ ~ ~ ~ r  to 
reduce the time elay between tfie collection of real and the collection of reactive 
power data and bus voltage data. 

Preliminary experimental results have been obtained on South Athens circuits No. 7, No. 8, 
and No. 9. As expected, nionitored data indicate an easily observable ~ e ~ ~ c t ~ ~ n  in reactive power 
and an increase in bus voltage when a capacito is switched in. The reduction in reactive power, 
which i s  comparable to the size of the capacitor bank, varies depending on the voltage at which 
the capacitor bank is switched on or off and on other variables. The October experiments 
manually tested a procedure for controlling capacitor banks to reduce reactive power flows at 
~ ~ ~ ~ t Q ~ g d  points. The procedure worked successfully and is being developed into a computer 
code. Oak Ridge National Laboratory (QRNL) was not able to observe a change in real power 
due to a capacitor action. This could be due either to the reduction in real power as a result of 
line loss reduction being overshadowed by the noise of the real power data, or to the voltage rise 
due to the capacitor being switched in causing an increase in real power consumption negating the 
reduction in line losses, or both. Further work will involve filtering of the monitored data, 
statistical analysis, and increased sampling rates to determine what effect capacitor switching has 
on real power. 

~ ~ ~ r " a ~ t o ~ a t ~ ~  capacitor 
ows at ~~~~t~~~~ locations on the 

er on three South. Athens circuits. 

thrse South Athens circuits to capacitor switching was teste 
Using a higher S p e d  mQni&Orillg sySkm SejXArate from 'B system that sampled the analog data 

h ~ r ~ ~ ~ ~ u ~ ~  has been developed by QRNI, for i 
1. This procedure is designed to reduce reactiv 
feeders. The procedure was tested manually 
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ORNL is presently developing a FORTRAN computer code that ill implement the computer- 
automated capacitor control procedure and will interface with th ed-time Operating SQftWare 
being used by AIJR. 

A simplified circuit model of South Athens circuit No. 7 has been devel ped based on the 
nionitored locations. Real-time analog real power, reactive power, and voltage d ta have been used 
along with the simplified model to compare; tbt: simulation of capacitor switching actions with the 
actual results of capacitor switching. Preliminary modell results ap ar to simulate the actual 
results of September experiments quite well. The model can be used to calculate parameters that 
are not monitored or cannot be directly calculated, such as line Bosses, 

Future experiments wilt continue to test feeder response of the Sonth Athens circuits and will 
bc conducted on the North Athens and the E i ~ g k w ~ o d  circuits. The experiments will compare the 
effectiveness of computer-automated capacitor control versus local control (var controllers) of 
capacitor banks for reducing line losses. Also, computer-autrmated regulator control versus local 
control of regulators will be tested for redwing feeder voltage drops and for indirect load control. 
The specific experiments that will be conducted on the AUB system in the future: are: 

1. computer-automated capacitor control, 

2. computer-automated regulator control, 

3. combined compnter-automzited capaci?or and ~ g ~ l a t o ' i  control, 

4. voltage reduction for indirect load control, and 

5. integrated volt/var control with load control and system reconfiguration. 
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O R N L  W S C - 4 3 4 0 0  

EXPERJMENTS THAT HAVE BEEN 
CONDUCTED 

a ON SOUTH ATHENS CURCU175 NO. 7, N . 8  & NO. 9 

Q SEPT 85 EXPERIMENTS - FEEDER RESPONSE TO CAPACITOR SWITCHING - FEEDER RESPONSE TO LTC TRANSFORMER TAP 
ADJUSTMENTS 

* OCT 85 EXPERIMENTS 
- MANUAL CONTROL OF CAPACITOR VIA CRT 

SCREENS 

* NOV 85 EXPERIMENTS 
- FEEDER RESPONSE TO CAPACITQR WITCH I N G 
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ORNL DWG 85-18275 

VOLT/VAR EXPERIMENT SCHEDULE FOR 1986 

DEC JAN FEB MAR APR MAY JUN 0 CT 
85 86 86 86 86 86 86 
i I 1 I I i I ]Afi 
-(FEEDER RESPONSE OF CIRCUITS TO CAPACITOR+ 

SWITCHING AND REGULATOR CONTROL 
+NORTH ATHENS CIRCUITS--+ 

-€NGL EWOOD CIRCUITS 

-4 MANUAL CONTROL OF CAPACITORS VIA CRT SCREENS + 
a 7 SOUTH ATHENS CIRCUITS lcont.) - 

/- NORTH ATHENS ClRCUfTS- 
d - €NG L €WOO D C1 RCU I TS * 

-TEST VARIOUS LEVELS OF EQUIPMENT MONITORING AND CONTROL 

-AUTOMATIC CONTROL OF CAPACITORS - 
*AUTOMATIC+ 

CONTROL 
OF 

REGULATORS 
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0 R N L  W S C - 4  3425  

TEM-WIDE CAPACITOR 
CONTROL CAPABILITY 

S U B S TAT1 O M 
NAME 

CIRCUIT NUMBER AND SIZE OF 
NO. C APAC IT0 R S (k v a r) 

NORTH ATHENS 
NORTH ATHENS 
NORTH ATHENS 
NORTH ATHENS 
NORTH ATHENS 
NORTH ATHENS 
S9UTH ATHEN 
SOUTH ATHEN 
SOU?H ATHEN 
~ N ~ ~ ~ W ~ O ~  
ENGLEWOOD 
E Y4 G LE W 00 D 

~ ~- 

0 
1 
2 
3 
4 
5 
7 
0 
9 
1 
2 
3 

1-600 
2-600, 2-1200 
3-600*, 2-1200 
1-900, 3-1200 
NO CAPACITORS 
2-600, 2-1200 
1-600, 1-900, 1-1200 
3-600 
3-600*, 2-1200 
1-600 
NO CAPACITORS 
1-150*, 1-300 

"ONE ~ A P ~ ~ i ~ ~ ~  IS FIXED (THERE ARE 29 SWITCHABLE 
ITORS AND 3 FIXED CAPACITORS) 
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ORNL DWG 85-1 8265 

SUBSTATION RTUs CONTROL THE LTC TeAMSFORMERS 
AND SUBSTATION REGULATORS 

LTC TRANSFORMER 
TAP POSITIONS 

AIM TAP 

LTC 1 A 3 
LTC 2 A 3 

LTC 

69 k V  

1 LTC2 

I 13 kV  

CI RCUlT 

CIRCUIT CIRCUIT 
NO. 9 NO. 7 

1 N 0 . 8  
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ORNL DWG 85-18264 

DISTRIBUTION RTUs MONITOR AND CONTROL FEEDER REGULATORS 

E3 
-3 
(0 BREAKER 

N 
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O R N L  W S C - 4 3 4 3 1  

RTU REPORTS ANALOG 
US DATA CHANGES 

THREE I@) 

VOLTAGES (THREE I@ 
LTAGES (THREE I@) 
(TO BE COMPUTED) 

WEW (THREE I@) 

a 
LOCAL CONTROL MODES 
C ENABLED 
C DISABLED 
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OR N L W S C - 4  34 30 

CAPACITOR CONTROLLED BY DISTRIBUTION 
CONTROL RECEIVER 

0 ONE-WAY COMMUNICATION 
- CONTROL SIGNAL (POWER LINE CARRIER) OPENS/ 

CLOSES CAPACITOR OIL SWITCH (VAR CONTROLLER 
DISABLED) 

@ NO MONITORED ANALOG OR STATUS DATA AT 
C A PAC IT0 R I N STALL AT1 0 N 

LOCAL LOGIC CONTROL MODES 
- AUTOMATIC MODE (VAR CONTROLLER ENABLED) 
- MANUAL MODE (VAR CONTROLLER t S AB LED) 

N 
M m 





O R N L  W S C - 4 3 4 4 1  

IMPLEMENTATION OF VOLTNAR CONTROL 

PRESENTED BY 

Larry Monteen 
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O R N L  WSC-43412 

PRELIMINARY EXPERIMENTAL RESULTS 

Presented by Bob Sullivan 

CONS U LTAMT 
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CAPACITOR SWITCHING PROCEDURE 
(IMPLEMENTED MANUALLY IN OCTOBER 1985) 

DE LIMITS 

I READ STATUS AND 
MONITORED DATA I 

MON I T 0  R ED 

I 

SWITCH IN A BANK 
IF REACTIVE 

POWER IS GREATER 
THAN +I10 k v a r s  

SWITCH OUT A BANK 
IF REACTIVE 

POWER IS LESS 
THAN -110 kvars  

ss w 

1 CONTINUED 
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OR N L- D W Q  86C - 18402 

FEEDER RE APACITOR SWITCHING (9/85) 
CIRCUIT NO. 7, AVERAGE SINGLEmPHASE DATA 

I I I 

- 

+10 + 10 J - 2 0  - 2 0  
+ I O  -10 

- - 
8 ! i'i--- t 

BUS VOLTAGE I 

126.3 

125.1 2 
m 
UI 
v) 

:5: 124.5 
I -  
UJ 
.J 
(3 
z 

123.9 
w 
(3 

CL 
u1 

a 

123.3 

122.7 -200 
13:53:23 13:57:29 14: 0 1: 29  14: 05:29 14:09:29 

TIME 
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O R N L - D W G  8 5 C - 1 8 3 8 2  

0 

LEAD 

1 

LAG 

0 

WAR CONTROL VERSUS NO VAR CONTROL (10/85) 
CIRCUIT NO. 7, AVERAGE POWER FACTOR 

0 O : O O  h 
OCT 15 

L 
6 Q : O Q  h 
OCT 16 

A 

-I 

K O  

00 
PO 

1 0 O : O Q  h 
OCT 17 

0 0 : Q O  
OCT 18 

DATE AND TIME 
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OR N L- D W B  8 5 C - 1 8 4 6 8  

600  

500 

400 

300 

200  

100 

t 

FEEDER RESPONSE TO CAPACITOR S W  
CIRCUIT NO. 8, AVERAGE SINGLE=P 

NG (9185) 
DATA 

I 
I I 

-10 
-7.5 

\ R E A L  POWER - 1  

/BUS VOLTAGE 

' +C-104 ( Z O O / # )  -I 
12 \REACTIVE POWER -C-104 f 

-Ig5 I IIQ2.5 

126.3 

n > 
& 

125.7 - 
w 
d 
U 
5 
0 

125.1 > 
v) 
3 
m 
w 
v) 

I 
124.5 a 

a 
111 
J 
a 

123.9 5 
u) 
w 
8 

pc 123.3 w > 

I 

a 

a 

122.7 
15:54: 19 1557:  19 16:00:19 15:48:19 15:51:19 

TIME 

w 
E: 
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ORNL GWG 85-18277 

DETAILED ONE-LINE DIAGRAM OF SOUTH ATHENS CIRCUIT NO. 7 

TO 
NORTH ATHENS 

CIRCUIT NG. 5 

I 

I-. b 

TO 
NORTH ATHENS 

CIRCUIT Ne. 1 

w 
t; 

TO I_/ __Jc SOUTH ATHENS 
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SYSTEM RECONFIGURATION 
Jack Lawler and J. B. Pattoin 

System teeonfiguration involves the automated monitoring of the distribution system operating 
conditions and the remote control of distribution switching elements. Automated monitoring allows 
abnormal or undesirable network conditions, such as permanent faults or imminent component 
overloads, to be recognized at the distribution system control center. Remote control of switches 
&WS the system operator to reconfigure the network in order to avoid such problems or minimize 
their effeet on system operation. Potential benefits of automated system reconfiguration include 
system reliability and enhanced capacity utilization. 

The objectives of the system reconfiguration experiments are to (1) quantify the reliability and 
capacity utilization benefits; (2) determine the trade-off between the amount of automation 
hardware and level of benefit; (3) determine if adaptive protection is required to support 
automated reconfiguration; (4) determine the added benefits of integrating system reconfiguration 
with volt/var and customer load controP; and (5) transfer the experimental findings to the electric 
utility industry. During the past year, significant progress has been made towards meeting these 
objectives. in particular, the experiment team has developed a detailed test plan for the 
experiments to be conducted during the first year of operation. The focus of this presentation is on 
thc computer software that has been developed to support experiment design and analysis and on 
the results of the initial round of experimentation. 
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ATHENS AUTOMATION AND CONTROL 

EXPERIMENT 

SYSTE CONFIG 

Jack Lawler 

J im Patton 

Bob Stevens 

Kevin McKinley 

Larry Monteen 
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I. Introduction 

11. The First Year Experiments 

111. System Reconfiguration Analysis Program 

IV. Preliminary Experience with Automated Load 
Transfers 

V. Preliminary Experience with Automation Assisted 
Response to Faults 

VIs Conclusions 
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I. Introduction 

- Definition of System Reconfiguration 

ste - 

- System Reconfiguration Functions 

- Control Diagram 

- Experiment Objectives 
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System ~ ~ ~ ~ n f " l g ~ r a t i o i i  is the automatic monitoring of the 

distribution netwamnk operating condition. arid the remote 

control of distributisn switching e!enmem%s. 
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ystem Reconfiguration Hardware 

Controllable Switching Elements: 

- Feeder Breakers 

Obver Reclosers 

otor Operate 

Monitoring Hard ware: 

- PTs and CTs for analog values 

- Switching element status 

- Relay status 

- Fault detectors 
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ste fi 

1. Fault Detection 

2, Fault Location 

3 .  Fault Isolation and Service Restoration 

4. Feeder Monitoring 

5. Feeder %load Transfers 

6. Substation Load Transfers 

7 .  Adaptive Protection 
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System 
Reconfig uration 

Software 

MODSCAN 

L 

co DIAGR 

Automatic Control x 
action 

Operated Assisted Control 

Real Time Data 

Control led 
Switchgear 

Monitoring 
Hardware 

Status 

Analog 

Distribution 
~ e t w o  rk 
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xperi 

I. Determine the improvement in distribution system service 

reliability that can be achieved by automating the 

detection, location and isolation of faults and subsequent 

service restoration, 

11. Determine the improvement in distribution system 

capacity utilization with automated feeder monitoring, 

feeder 1 oad transfer and substation load transfer functions. 

111. Determine whether or  riot adaptive protection is necessary 

to  support on-line system reconfiguration. 



341 

IV. S tu  y the amount of automation hardware re 

improve distribution system service reliability and 

capacity utilization. 

V. Determine the additional benefits of system 

reconfiguration when integrated with voltivas and 

customer load control. 

VIe Transfer the experimental results to the electric utility 

industry. 
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RELIABILITY ENHA T EXPERIME 

S R - 1  Fault Detection 

SR-2 Fault Location 

SR-3 Fault Isolation and Service Restoration 

SR-4 Feeder Monitoring 

SR-5 Feeder Load Transfers 

SR-6 Substation Load Transfers 
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Reliability Enhancement Experiments 

SR-1 Fault Detection 

SR-2 Fault Location 

Service Restoration 

GOALS: 

1. Determine the reduction in  customer outage hours 

and unserved energy due to each automated fault 

response function. 

2. Determine the reliability of the automate 

response system and its individual components. 

PROCEDURE; 

Document AI28 response to  naturally - occuring faults. 
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m SP m /T -L 

FAULT 
CLEARING 

--..-l__l___ CONVENTIONAL 

DEVICE REPAIR 
FAULT I,OC ATE D CO JIPLETE L) 

OCCURS 
DISP ATC €€E I3 

I 

I 

AUTOMATION 
/ /  ASSISTED 
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RELIABILITY tEXPERIMENT DATA SOURCES 

- MODSCAN Data Logs 

AUB Trouble Forms 

- Voice-Actuated Recorder 
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UTILI RESP 

B R 
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E) E TE C'T' ION 
LBS 

R 

LOCATION 

ISOLATION 

RESTORATION 
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EDER IT 

SR-4 Feeder Monitoring 

GOAL: 

Develop a load model which is sufficiently accurate to 

support  on-line load transfer decisions at AUB. 

PROCEDURE: 

Investigate simple load models consisting of constant 

power, constant current  and  constant impedance 

components that can be scaled to fit measured conditions. 
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Constant Power 

Constant Current 

Constant Inipedance 
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Utilization m t  
Experiments 

SR-4 Feeder Monitoring 

SR-5 Feeder Load Transfer 

SR-6 Substation Load Transfer 

GOALS: 

I. Establish the data base required to  support feeder and 

substation load transfers. 

2. Determine the practical constraints and procedural details 

necessary to  execute automated load transfers. 

PROCEDURE: 

Document several load transfers which are safe even under 

peak load conditions. 
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FIRM AREA CONCEPT 

Substation 
1 

Substation 
3 
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DIVERS 

TIME 

I I 
I 
I 

h 2  

THERiWAL LIMIT 

TIME 
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111. System Reconfiguration Analysis Package 

SYSRAP is an interactive personal computer program 

which was developed to support the design and analysis of 

transfer experiments at AUB. 
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6 s i  

-- Haw much load lies in the section ts be 
transferred? 

- Is the reconfiguration acceptable from a capacity 
perspective? 

- Is the reconfiguration accceptable from a voltage 
and loss profile perspective? 

- Is the reconfiguration acceptable from a 
protection coordination pers 
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A. 0.75 transfer from SA-0 to  NA-01 

1.5 MW transfer from SA-07 to NA- 

G. 4.0 MW transfer from SA-0 to NA-05 
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A. 0.75 M Transfer From SA-0 -01 

5w-14 SA-QTS sw-209 

NO 
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5 Transfer From SA-07 to N. 

S W -2 0 7 sw-3.4 

sw-43 \ 

NA-OI 

unded by S 14 and SW 43 
SA-07 to NA-Ol? 



C. 4 .0M Transfer From SA-0 

SA 

NA-05 

R5 i s  set for 2.570 boost 
R51 is set for 2.5% boost 

Both regulators must be “ZEROED” prior to load 
transfer. 
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Impact of Regulator Zeroing on NA-OS Voltage 
Profile 

SW 180 
NO 

NA-05 

Secondary B Phase voltage 

Pre-regulator Post-regulator 
zeroing zeroing 

R5 

SW-114 
SW-180 

SW-126 

123.8 
124.9 
123.5 
1'24.4 
122.4 

2 3 5  P 

122.6 
128.6 
118.5 
122.7 

3104 P 
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Load Transfer Example 

Fault Analysis Example 
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Load Transfer Example 
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A phase 

B phase 

C phase 

TOTAL 

Load Report on 

kVAR kW 
260.2 

306.1 

2 5 3 . 3  

203.7 

213.0 

183.3 

feeder , 

kW 

SA0 4 

Losses kVAR Losses Customer 
0 . 3  0.4 

0.4 0.6 

0.2 

1.0 

9.3 

1.3 

ff 

257 

Reporting load below Edp = SW207 
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Ambient Temperature (degrees f) 

1) 32 
2> 50 
3)  68 
4 )  7 7  
5) 86 
6) 95 
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Ampere load below candidate rnain-line switches t o  be opened 
A 3 

ER244 184.3 188.5 
SW?O 56.3 60.7 
SW14 

0 Si42 0 7 
7 0 . 8  
4 5 . 9  

7 2 . 0  
51.8 

C 
189.6 

4 3 . 2  
74.3 
4 3 . 4  

Data on candidate t i e s  t o  be closed 
Minimum Capacity (Location) Tie  Minimum margin (Location) 
A E c Fdr A B C 

NAOl 3 0 0 ( 1 0 0 )  2 9 5 ( 1 0 0 )  289(100) sw43 3 6 0 ( 7 0 7 1  3 6 0 ( 7 0 7 >  3 6 0 ( 7 0 7 )  
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VOLTAGE STUDY RZNU 

PROFILES F R O M  TI-E SUBSTATION 
A> Voltage p r o f i l e  
B> Loss p r o f i l e  

PROFILES ABOVE AN INTERTIE 
C> Voltage p r o f i l e  
D> Loss p r o f i l e  

PLOT 

EXIT 

PARAMETER MODIFICATIONS 
G> Adjust x or y plot scale 
H) Change phase being studied 

OPTIONS 
I> 
J> 

Exit w/o 
Exit and 

modifying data base 
modify data base 

PROFILES ABOVE AN OPEI ELEMENT 
E> Voltage p r o f i l e  
F> Loss p r o f i l e  
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VOLTAGE STUDY MENU 

PROFILES mOM ‘%IdE SUBSTATION PLOT PARAMETER MODIFICATIONS 
AS Voltage p r o f i l e  
B> Loss p r o f i l e  

G> Adjust x or y plot 
H> Change phase being 

PROFILES ABOVE AnT INTERTIE 
C> Voltage p r o f i l e  
I3> Loss p r o f i l e  

EXIT OPTIONS 
IS 
J >  

Exit w / o  modifying 

scale 
studied 

data base 
Exit and modify data base 

PROFILES ABOVE AN OPEX E L m W  
E> Voltage profile 
F> Loss p r o f i l e  
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SYSRAP MAIN MENU 

1) 
2) 
3) 
4 )  
5 )  

6) 

7 )  
8 )  

Load o r  Customer Information Study 
Short Circuit Study 
Load Transfer Study 
Fault T r a n s f e r  Study 
Voltage Study 

Repor ts  

Edit Data Base 
R e o r g a n i z e  Data Base after Load Transfer 
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NA 05 
I 
I 
I 

SW1.2s\ N.O.  
I 
I 
I 
1 
I 
I 
I 

/ 
I sw2  
I 
I 
I 
I 
I 
I 
I 
I 

0 

NA 

I 
I 
I 
I 
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I 
I 
I 
I 
I 
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/ FY 

01 

/ -I_____-__ 

7 I Skal 
1 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

I 
I 
I 
I 
I 
I 

SA 08 

N . O .  sw15 / 

4 

SA 07 



Three Phase Short Circuit Duty at SW207 on feeder, SA07 
amps MVA 

Normally : 5261 37875 

When supplied from: 
SA08 St.115 4563 
NAOl SW43 2949 

32848 
21231 

w 

B amps C amps 
Load between open and faulted elements: 44 45 47 
Load below faulted element: 46 52 43 
Load below open element: 71 72 74 

A amps 
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- How much load lies in the section to be 
transferred? 

- Is the reconfiguration acceptable from a capacity 
perspective? 

- Is the reconfiguration accceptable from a voltage 
and loss profile perspective? 

- Is the reconfiguration acceptable from a 
protection coordination persp e c ti ve? 
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Fault Analysis Example 
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NA 05 
I 
I 
I 

SW126\ N . O .  
I 
I 
I 
I 
I 

I 
I 
I 
I 
I 
I 

I. 

I 
I SA 0 7  / 1-1 

I SW207 I SW14 
/ 

I I 
I I 
I I 
I I 
I I 
I I 
I I 
I I 
I I 
I I 
I I 
I I 
I I 
I I 
I I 

I I 
I I 
I I 
I I 
I I 
I I 

/ EY N . O .  sw15 / 

NA 01 SA 08 
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Above the faulted 

Below the faulted 

line section, 702 

Open ....... BR244 
line section, 702 

Open 

SW14 
SW14 
SW207 

---- Close 

sw43 
SW15 (alternate) 
SW43 (alternate) 

----- 



392 

. Preliminary E rience with Automation 
ult Response 

The “Minnie Owens” Fault 

Saturday, August 1’7 



w 
rD w 

D a t a  on candidate ties to be closed 
Minimum Capacity (Location) Tie 
A B C Fdr 

sw4 3 360(707) 360(707)  360(707) NAOl 

Minimum margin (Location) 
A B C 
3OO(POO) 295(1001 289(100) 
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10/02/85 15:26:23 

FAULT STfA'TUS 
9 4  87 
SW 114 

NORTH ATHENS CIRCUIT  5 UPDATED 15 : 26 : 22 

SIU STATUS 
NA I D L E  
SA I D L E  
ENG ausy4 

Nk 1 19 
+--- ---+ 

+- . --+ ! 
18 ! *110 +-/-->SA 9 

A-A> 0 SG ! ! ! R*180 
B-A> 0 !C-119 ! ! ! 
C-A? 0 c 93* R-5 *118 ! 

224 - ! ! R -  ! ! 
c------ ---/---++--------+--- ---+----t--/----+------+-------- / - - > S A  7 
A \R *87 ! \ *114 ! ! *126 

R-51 R ! A-A> 0 R CC-102 ! R 
! c-121 B-A> 0 ! ! 
+-\-GH C - 4 )  0 G .89 
! A  ! 
! ! 

DEMAND SCAN 61 36 ! 
PTU/ SW/STAT SA 7<---.----+--+--M-----+----- /--->NA 1 
16 114 C ! !  *13 
17 13 0 ! CC-123 R 
1% C123 0 21 ! ! R  

3 4  180 116.9 
20 1 8 0  C 
2 4  126 0 

VOLTS 
19 

SW 114 118.9 
SW 126 123.5 
SW 3 6  115.4 
R-5 118.3 

! DRTU 8 

BUR 2 2 4  NA SUB C I R  5 ! R-5:DRTU 4:NA C I R  5 ! SW 36!EXCELLO! KU H$ 
A .  8. u. 3. ! A .  8 .  C. 3. ! 8. ! B. ! A .  122.? 

KV 7.56 7.62 7.55 ! 0 .00  0.00 0.00 ! 7.21 ! 7.36 ! B ,  0 .00 
KW 2928 3 0 6 5  2755 O !  122 0 0 .O ! 467 ! 553 ! C .  0 .00  
KVAK 757 843 1072 O !  0 0 0 0 ! 195 ! 436 ! 1 KU LS 
AMPS 0 0 0 ! 0 0 0 ! O !  0 ! A .  0 . G O  

DELTA 120 1 2 0  121 ! 0 .0 0.0 0.0 ! !C. 0 . 0 0  
NEUT AMPS 0 ! D ! 

CKT PRINT I N  PROGRESS 

! PTU 1 8 ! P T U  19 ! R-51 

PF o.r jno 0.000 0.000 o . o o o !  0.000 0 . 0 0 0  0.000 0.000 ! o .000 !O.OUI) ! B .  o , o o  

:P&GE F :PAGE H :SILENCE :PO€ :PRINT : L O G  :RETIJRN :MASTER :CANCEL 

8648 - 4 7 6 2  = 3386 KW INCREASE 
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1 0 / 0 2 / a 3  15 : 15 : 36 NORTH ATHENS CIRCUIT  5 

FAULT STATUS 
sw 87 
SW 1 1 4  

UPDATED 15:15:22 

SI U STATUS 
NA I D L E  
SA IDLE 
ENG BUSY, 

NA 1 19 
+--- ---+ 

+- . --+ ! 
18 ! *110  +-/--->SA 9 

A-A) 0 CG ! ! ! R*180 
B-A) 0 !C -113  ! ! ! 
C-A> 0 C 93* R-5 *118 ! 

224 ! ! R -  ! ! 
c 1---1- -.--/-."-++--I----- f--- ---+ ---- +--/----+------+-----/-->SA 7 

A \R *87 ! \ +114 ! ! *126 
R-51  R ! A-A> 0 R CC-102 ! R 

! c-121 5-A> 0 ! ! 

! A  ! 
! ! 

DEMAND SCAN 61 36 ! 
PTU/ SW/STAT 
1 6  114 C ! !  *13  
17  13 0 ! CC-123 R 
18 C 1 2 3  O 21 ! ! R  VOLTS 

19 

20 1 8 0  C SW 1 1 4  1 2 0 . 4  
2 4  126 0 SW 126 123.5 

SW 36 119.2 

+-\-GR C-A> 0 G . a9 

/--->NA 1 7 <  --_.-_-- f--+---M .I---- + ----- 

SW 1 8 0  1 2 0 . 4  

~ - 5  1 2 0 . 8  

BKR 224 NA SUB C I R  5 I 

A .  8. C.  3. I 

KV 7.56 7.62 7.55 I 

KW 1524 1 6 4 6  1592 0 1  
KUAR 598 6 0 5  797 01 
AMPS 0 ' 0  0 I 

PF 0 . 0 0 0  0 .000  0 . 0 0 0  0 . 0 0 0 1  
DELTA 121  121 121 I 

NEUT AMPS 0 I 

:PAGE F :PAGE 8 :SILENCE :PDE 
CRT PRINT I N  PROGRESS 

I DRTU 8 

K-5:DRTU 4:NA L I R  5 1 SW 3 6 ' E X C E l L U I  K V  HS 
A.  B. C .  3. I 5. 1 R .  1 6 % .  122.3 
0.00 0.00 0.00 1 7.35 1 7 . 4 5  1B.  0.00 

123 0 0 0 I 4 8 3  1 565 IC. 0 . 0 0  
0 0 0 0 I 195 I 4 3 6  I KV  LS 
0 0 0 I 0 1  0 I A .  0 . 0 0  

0 . 0 0 0  0 . 0 0 0  0 . 0 0 0  0 . 0 0 0 1  0 . 0 0 0  ' 0 . 0 0 0  I B .  0 . 0 0  
0 . 0  u .0  0 . 0  I I C .  0 . u 0  

I PTU 181PTU 19 I R - 5 1  

0 I 

: PRINT : L O G  :RETURN :MASTER :CANCEL 

1 5 2 4  3- 1646 -I- 1592 = 4762 KG1 
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1 0/0 2/85 1 5 : 2 6 : 2 8 SOUTH ATHENS CIRCIJIT 9 UPDATED 15:2’6:26 

SI I! STAl-iJS 
FUULT STATlJS rm I D L E  

SFi I D L E  
I- ENG BUSY 

SG1 1.70 
IJEC<---rI-O-V.-- .k + / 

T I €  2 2 4  M 225 223 ! 212 ! +-M-+ 
262 ! ! !  

! +--M+-O-tM->TI E 
! ! 227 M 228  

! 
! 
! A  

c - 1 2 2  226. 
R-k-\-t R ! G  

G !  ! 
G ! ! 

21 4 15s ! 1 8 4  ! 
,~.-------M---..-.-----+--------..t---------/-.--f--+------ 4- ----/A >b% 5 
A I ! R*170 ! ! 11-180 

! F C t - 1 1 1  ! C-lO?,CA R 
! ! ! ! 
! 13 ! G 
cc-110 c - 1 0 1 c  

DEMCWD SCAN ! a  ! 
PTU/ SW/STAT G G 
20 180 C 
3 3  1 7 0  0 
34 226 0 
35 MR c 
36 H S  0 
3 7  PLA c 

! PTU 34! PTU 35! PTCl 36! PTU37 
R l iR  214 SA SUB C I R  9 ! SW 170:PTU 3 3 : S A  CIR 9 !PR 2 2 6 ! M .  R ,  ! H ,  S. !PLAS.  

A .  B. C .  3 .  ! A .  8. c. 3.c+ B .  ! B. ! 8 .  ! B ”  
KV 7.49 7.53 7.53 ! 7 .4T  7 . 5 0  7 - 5 0  ! 7.39! 0 . 0 0  ! 7.22 ! 7..?O 
KbI 1 0 1 3  1043 le15 O!  1 1 1 0 !  112! 0 ! 143 ! 417 
KVAP, 195 225 2 4 2  O! 1 2 1 O !  31! 0 ! 60 ! 3 4 2  
AMPS 0 0 0 ! 0 0 0 ! O !  O !  i r !  0 

DELTA 120.3 % 1 2 0 , 7  121,l ! 0 . 0  0 . 0  0.0 ! 
PF 0 . 0 0 0  0.000 0 . 0 0 0  0.0001 0.000 0.1100 0.CJoo 0 ~ 0 0 0 ! 0 . 0 0 0 ’ 0 . 0 0 0  ! O . O O O  ! 0 . 0 0 0  

NEUT AMPS 0 ! 0 ! 

:PAGE F :PAGE B :SILENCE :PDE :PRINT :LOG :RETURN :PIASTER :CANCEL 
CRT PRINT I N  PROGRESS 

1 0 1 3  + 1043 C 1015 = 3071 K1.l 

7230 - 3071 = 4 1 5 9  KW DECPEfiSE 
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1 0 / 0 2 / 8 5  15 : 15 : 55 SOU7H ATHENS CIRCUIT  9 UPDATE0 15:15:53 

SI 1-1 STATIJS 
FAULT STATUS NA I D L E  
SW 170 SA I D L E  

ENG BUSY, (,lEr<---M-O-M _ _ _ _ _ _ _ _ _ _ _ _  ____I .+ _ _ _ _ -  / + 
T I E  2 2 4  M 225 223 ! 2 1 2  ! + - M - - f  

262 I ! !  

! +--M+-0-+M->TI E 
! ' 2 2 7  N 228 

! 

! A  
c-122 226 

Rf- \ -+ R ! G  
G !  ! 

G ! I 
21 4 155 ! 1 8 4  ! 

I 

C-------M--------+--------f-------/--+--~------t--~-~----/-~~~ 5 
A ! ! R * 1 7 0  ! ! *l a0 

! FCC-111 ! C-109CA R 
! ! ! ! 
! G ! G 
c c - 1 1 0  c-101c 

DEMAND SCAN ! R  ! 
PTU/ s~/'si-Ar G G 

20 180 C 
33 1 7 0  0 
34 226 0 
35 MR C 
36 WS 0 
37 PLA c 

! PTU 3 4  ! PTU 35! PTU 36 ! PTU37 
BKR 2 1 4  SA SUB C I R  9 ! SW 170:PTU 3 3 : S k  CIR 9 ! P R  2 2 6 ! M .  R .  ! H .  S .  ! P L A S .  

A .  B.  C .  3. ! A .  R .  C .  3 . f S  B. ! B. ! B. ! E.  
KV 7 . 5 7  7.60 7.60 ! 7.47 7.51 7.51 ! . 7 . 3 9 !  0 . 0 0  ! 7.53 I 7.50 
Kt4 2 4 0 4  2479 2347 O !  1232 1 3 4 5  1 1 4 5  O !  112! 0 ! 1 4 3  ! 376~ 
KVAR 335 403 504 O !  3 3  2? 122 O !  31! 0. ! 60 1 313 
AMPS 0 0 0 ! 0 0 0 ! O !  0 '  0 '  0 
PF 0 . 0 0 0  0.000 0.000 O.OOO! 0.000 0 . 0 0 0  0 . 0 0 0  O . O O O ! O . O O O ~ O . O O O  !O.OOO ! O . O O O  

NEUT AMPS 0 ! 0 I 
DELTA 1 2 0 . 0  120.5 121.1 ! 0 .0  0 . 0  0.0 ! 

:PAGE F .PAGE B :SILENCE :PDE :PRINT : L O G  :RETURN :MASTER :CANCEL 
CRT PRINT I N  PROGRESS 

2 4 0 4  + 2479 + 2 3 4 7  = 7230 KW 
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Pre-transfer Data (3:15 PM): 

BRK224 NA-05 

A B C 
KV 7.56 7.62 7.55 
KW 1524 1646 1592 
MVAR 598 605 797 

RK 214 SA-09 

A B C 
V 7.57 7.60 7.60 

KW 2404 2479 2347 
KVA 385 403 504 

Post-Transfer Data (326 PM): 

M224 NA-0% 

A B c 
K 7.56 7.62 7.55 
K&V 2828 3065 2755 
KVAR 757 849 1072 

BRK 214 SA-09 

3@ Total 

4762 
2000 

34, Total 

7230 
1292 

3@ Total 

8648 ( 1- 3886) 
2678 (+ 678) 

36> Total 
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S U S P E C T E D  I N T E R R U P T I N G  D E V l  CE:  - T I M E  DETERMINED:.  . 
( B Y  MOOSCAN) 

S U S P E C T E D  I N T E R R U P T I N G  D E V I C E :  .̂. TIME DETERMINED:  
( B Y  CUSTOMER CALLS) 

SUI: TCH 

MANUAL S W I T C H I N G  A C T I O N S  

A C T I O N  T A K E N  TIME 
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Details of the Fault Response 

KO YES Fault Detector 

Response 
sw-207 SW-14 

-------E3244 SA-07 
NC 

s tv - 43 NO 

Time-Event 
B234 Opened at 851 PM 

SW-207 Qpenecl at 9:15 PM 
SW-43 Closed a t  9:17 PM 

SW-14 Opened at 9 2 4  PM 
B244 Closed at  9:25 PM 

Repair completed at 1l:l'i PM 

Comments 
1,029 customers out of service 

(loss of 3 160 kw) 

Restoring 254 customers 

(and  aprox. 631 kw) 

Restoring additional 6-43 

c u  s t 0 me I's 
(and approx. 1.750 liw! 

Restoring service to 311 
c u s t 0 a1 e1'5 
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No. of 
customers 
out of 
service 

Automatiom Assisted 
Customer Qutage Profile 

I I 
I 1,029 I 

I I 
I I 
I I 
I I 
I I 
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254 X 26 = 132 X 146 = 643 X 34 = 
6,604 19,272 2 1,862 

Customer Outage-Minutes: 

with automation 

with no switching 

1,029 X 146 = 150,234 customer outage minutes 
= 2,504 customer outage hours 
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- Initial experiments were directed to learning how 
to use the equipment 

I Load transfers are not always conservative 

- More accurate feeder load models are needed 

- Need to identify load transfer opportunities that 
can exploit load diversity 

- Load transfers to date have not reacted adversely 
with protection gear 







ECONOMIC EVALUATION OF THE ATHENS 
AUTOMATION AND CONTROL EXPERIMENT 

Kevin F. McKinley 

Distribution automation is similar to most other projects attempted by electric utilities; the 
project must be justified on an economic basis. Upper management is very interested in the total 
project benefits and costs, the “bottom line.” TOOIS are avaiiable to perform the economic 
analysis. 

Benefits are being calculated for the three experimental areas and costs are being recorded for 
the AU3 system. Experiments will be repeated in order to obtain results which will prove 
consistent. Consistent results will provide confidence in the development of more accurate figures 
for use in projecting benefits and costs for other utilities. 

Experimental results will be used as a basis for extending benefits and costs to larger electric 
utility systems and to present an idea of what distribution automation could accomplish on a 
larger scale. Finally, planning studies at a large utility will be performed to compare a 
nonautomated base case expansion with an automated alternative for the same study area. 
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FUNCTIONS INCLUDED 

X X X X X X 

X X X X X X 
x x x x X X 
X X X X X X 

x X x x 
X X 
X X X X X 
X x X X X 
X X x X X 
X X 

AUB X X 
CE 

TESCo 

AEP X x 
CP&L X X X 
FF%L X X x 
OH X X 

NMPC x X 
KUB X X 
AEC X x 

- KEY 
LC - Load Control 
AMR 
LS - Load Survey 
VC - volt/Var Control 
FD - Fault Detect ion 
FISR - Fault Isolation and Service Restoration 
FR - Feeder Reconfiguration 
BC - Breaker Control 
MON - Monitoring 

- A u t o m a t i c  R e m o t e  Meter Reading 
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MOT I VAT I ON 

0 Load Control - demand charges from TVA 

0 Power Factor  Control 

0 Voltage P r o f i l e  Maintenance 

0 Improve Customer Service Reliability 

0 Integrate with new SCADA System 

0 Metering: 
- Remote reading 
- Time o f  use metering 
- Water 8 gas meter reading 
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DEVELOPMENT OF THE IDACS PROJECT WITH TIME 

EXPERIMENT 
(PHASE I) 

EXPANDED PILOT TEST 
(PHASE II) 

FINAL SYSTEM 
(PHASE III) 

MATURE IMMATURE 

TIME 
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