




















































test facility interface with the supplying utility's grid. The stiffness of the grid was a considera- 
tion, with a bias towards a weak distribution leg in order to exercise the Microgrid testbed 
through a range of distribution feeder faults. However, with the lower voltage of 480volts, and 
with only three 30 kW microturbines, the stiffness of the feeder to the test facility is no longer a 
consideration. For the smaller size and voltage range of the test setup, grid stiffness could be 
simulated by incorporating appropriately sized transformers at the testbed interface. The actual 
test plan for the Microgrid test will determine the equipment necessary to perform the testing. 
However, most of the data recording and analyzing hardware necessary to support the testing 
should be available at established test facilities. If the test requires specific items that are not 
available at a test site, then it is expected that this equipment will be leased or purchased as suit- 
able. 

3.1.2 StafflFacility Availability and Experience 

The availability of the test facility and its support staff during the testing period is an important 
consideration in carrying out the tests. The experience base of the staff must include a demon- 
strated understanding of protection issues for stand-alone systems and extensive experience with 
inverter-based sources such as photovoltaic, microturbines or energy storage systems. 

3.1.3 Utility OwnershipICommitment 

The commercial acceptance of the Microgrid and its successful use in real-world applications 
requires that its operating characteristics and behavior be thoroughly understood by utility pro- 
tection and distribution engineers. This is most likely to occur if the Microgrid is tested and the 
data shared with the utility engineering community on an on-going basis. Utility ownership and 
staffing of the test facility where the Microgrid is tested is the most expeditious manner through 
which such acceptance could occur. While there are several utilities that have and continue to 
conduct testing of DG sources, the criteria in this instances seeks to recognize those utilities that 
have a long term commitment to DG testing and evaluation. This requires that the utility have an 
established test facility with a commitment to its operation to support the evaluation of a variety 
of DG sources. This commitment is evidenced by suitable staffing of the facility, availability of 
test equipment and an on-going effort to seek new DG sources to evaluate their performance in a 
range of operating environments. The criteria excludes those utilities that have tested DG 
sources on a one-time basis, or conduct short-term testing on an as-needed basis to gain familiar- 
ity with a particular DG system. Hence, utility ownership in this perspective includes not only 
the ownership of the test facility, but implies the presence of a sustained program within the util- 
ity to investigate and characterize the performance of DG sources. 

3.2 Development of Additional Information on Exist- 
ing Test Facilities 

In preparation for laboratory testing of the CERTS Microgrid concepts, additional information 
was developed on two potential sites: American Electric Power's (AEP) Dolan Technology 



Center, which was not included in the original survey, and Pacific Gas and Electric's San Ramon 
facility, which was included in the original survey. Information on the Dolan is summarized in 
the questionnaire format used in the earlier surveys. Narrative information from a site visit to 
San Ramon in September 2001 (for which a questionnaire had previously been completed) fol- 
lows. The information collected during the site visit significantly updates the information re- 
ported earlier in the 2000 questionnaire. 



3.2.1 AEP Dolan Technology Center 

AEP Dolan Technology Center 
Survey of TestLab Facilities 

Date of response: 0713 112002 

Facility Name: AEP Dolan Technology Center 

Facility Location (City, State): Groveport, Ohio 

Contact Information: 
Management (Name, phonelfax, e-mail): Dave Nichols.614 8364260(phone)/614 836 

4 168 (fax), dknichols@aep.com 
Technical (Name, phonelfax, e-mail): Kevin Loving, 614 8364250 (phone)/614 836 

41 68 (fax), kploving@aep.com 

Facility Ownership: Industry owned 

Operational Date (Date facility was commissioned or commenced testing activity): 

Staffing: 
Professionals: 15 
Technicians: 4 
Operators: I 

Current Funding Level: $2OM 

Dominate Funding Source: Strategic Corporate Technology 

Size of Facility (Estimated area in square feet or acres, number of buildings, number of test 
bays, fenced enclosures): There are two separate test areas identified as DTC & Walnut. 

DTC statistics: 2400square feet /multiple control buildings, outdoor facility, 1 test bay enclosed 
with 5 psi gas supply, protection package 

Walnut statistics: 1.5 acres, multiple control buildings, outdoor enclosed facility, 2 x 1.5 MW 
test bays (+ 2 future bays) 200psi gas supply, protection package 

Describe any specialized test equipment used: 3 phase 250 kW rated Sag generator, 3phase 
voltage reclosers, 3 phase voltage regulators, controllable circuit breakers, industrial load banks, 
multiple transformer banks, protective barriers, automated switching controls, complete utility 
approved protection package, wireless and other advanced communications methods are avail- 
able. Various Data Acquisition systems, analog and digital recorders, fiber optically isolated 
Das, power quality measurement devices, Electromagnetic Interference Measurement, revenue 
grade wattmeters and other in-house developed instrumentation packages designed for DR test- 
ing, monitoring and control. Equipment is used to create system disturbances and to assess com- 
patibility. 



Grid-connected or stand-alone: Both 

Test Voltages and Power Levels: DTC - 480volt- 13.8 kV up to 500 kW (electrical) 
Walnut - 480volt - 1 38 kV up to 10 MW. (electrical) 

Types of loads used for testing (Passive, active; resistive or induction and indicate sizes in 
kW or MW): 4 resistor load banks (2.6 MW total), 100 kVar Reactive load bank, in-house de- 
veloped non-linear, motor and industrial load banks, access to various building motor loads in 
grid independent mode, capacitive loads as needed. 

Test Activity (This information may be repeated for different technologies and systems) 

Test Objective: Technology evaluation, performance characteristics, technology develop- 
ment support, system compatibility testing, standards compliance testing, conformance to 
specification, new product development. 

Type of technology or system: 

Size of system (Power rating - kW or MW; Energy rating - kwh  or Maw; for storage 
systems): Micro turbines, fuel cells, wind, solar & energy storage devices ranging in size 
from watts to 1.2 MW. 

Duration of testing: Typical tests last from very short time periods (days) to months of test- 
ing, depending on test and development requirements. 

Test Dates: continuous activity since September 1999 

Purpose of Testing: Technology evaluation, performance characteristics, technology devel- 
opment support, system compatibility testing, standards compliance testing, and confor- 
mance to specification, new product development. 

Type of data collected: Parameters, number of channels, sampling frequency. Varies de- 
pending on test requirements. Both long term and transient recording devices are available. 
Typical test involves measurement of ac and dc electrical, gas flow, environmental land 
power quality parameters. As many as 100 low speed and 50 transient (greater than 1Mhz re- 
sponse) can be measured using available instrumentation. 

Describe data collection software (Commercial application software or internally devel- 
oped; capability, operating system platform): We use a combination of in-house and com- 
mercial software. In-house development is based on Lab View software. Commercial software 
includes PMAC DAS, and products available with specific instrumentation - Metrosoft, Dran- 
view, PASS, Metermate, PQView 

Computer models used at Facility: (Commercial or developed in-house; current and past 
usage): In-house developed and DaDisp, Sigma plot & MATLAB 

Recent Publications/Papers: 
Plans to Test Distributed Resource Products at Walnut Station, EPRI DR Week, March 2002. 

D. K. Nichols. Electricity Delivery: Challenges and Solutions. IEEE Power Engineering Soci- 
ety 2001 Winger Meeting, 28 January - 1 February 2001, Columbus, Ohio USA 
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D. K. Nichols and T. Oshima. Sodium Sulphur Batteries: Service for Peak Energy Demand Pe- 
riods. The Sulphur Institute’s International Symposium Sulphur Markets-Today and Tomorrow. 
Amsterdam, the Netherlands, March1 0-12,2002 

AEP Experiences with Distributed Resources, IERE Conference , June 2002 

System Compatibility Issues In siting Distributed Power, Distributed Power conference ,2001 

Market Developments for sodium Sulfur Buttery, EESAT Conference , 

D.K. Nichols and T.Key ,Compatibility Testing of Grid-Connected Distributed Resources,PQA 
Conference, 2000 
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3.2.2 Description of PG&E Distributed Generation Equipment Test- 
ing Capabilities 

Pacific Gas and Electric Company (PG&E) has a Technical and Ecological Services (TES) de- 
partment that is housed on a 13-acre site in San Ramon, California. This facility employs over 
140 engineers, scientists, and technicians working on a wide range of testing, analytical, and en- 
vironmental projects. Projects include those focusing on failure analysis and service life en- 
hancement, performance assessment, development and evaluation test equipment and 
measurement methods, environmental impact assessment, meteorological measurement and fore- 
casting, instrument calibration and repair, and material and product evaluation. These projects 
are conducted by TES in 15 laboratories at the San Ramon site, and in the field with portable 
equipment. 

The TES facility has significant capabilities for testing and evaluating distributed generation 
(DG) equipment. DG equipment can be tested in grid-connected and grid-independent configu- 
rations, as well as in simulations where the equipment is connected to the utility with simulated 
lengths of distribution line. The TES facility complies with all PG&E interconnection require- 
ments of an independent power producer. The facility has an overall power rating of 500 kVA 
and has up to 2 MVA of load capability for switching within the facility. The facility has exten- 
sive measurement capabilities, including the ability to measure system conditions of tempera- 
ture, pressure, flow, electrical properties, power quality, vibration, acoustics, and emissions. 

The TES facility has the following specific capabilities for testing DG equipment: 

500 kVA switchgear for independent power production, 2 MVA internal load capa- 
bility; 

3-phase, 480 Volt wye service; 

Multiple bus configurations for islanding capability; 

Protection for utility unddover frequency, unddover voltage, and ground fault cur- 
rent; 

400 kW variable resistive load controllable in 5 kW increments; 

300 kVar variable inductive load controllable in 3.75 kVar increments; 

Additional capacitance, resistance, and inductance can be added as required; 

Up to 30-mile simulated transmission line, variable in steps of 10 miles; 

One inch, 40 psi natural gas supply; 

8-foot by 13-foot acoustic isolation enclosure for engine tests; 

70-foot by 40-foot building designed for DG testing. 

One limitation of the facility for very high voltage grid connection is that the facility’s main 
transformers have variable voltage capability at 40 kV, 70 kV, and 200 kV, but the transformers 
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cannot operate at the full transmission system voltage of 230 kV. When the transformers are 
connected to the 230 kV grid at the 200 kV setting, they eventually become over-excited and 
therefore can only operate for a few hours. Capabilities also exist to connect equipment to the 
facility’s bus structure at 480 V and 21 kV, and it is unlikely that a microgrid test would require 
any greater capabilities than these. The 200 kV limit is therefore unlikely to represent any prac- 
tical limit to the continuous testing of microgrid DG equipment. 

The TES facility has been used for a variety of projects in the past. At present, the facility is not 
under intensive use, but it is currently being reconfgured for an upcoming project with Distrib- 
uted Utility Associates and the California Energy Commission to test a few pieces of DG equip- 
ment. Past projects include those to evaluate cryogenic inverters, battery storage evaluations, 
performance testing of a 70-kW molten carbonate fuel cell, performance testing of natural gas 
gensets, simulation of photovoltaic systems in conjunction with inverter performance, evaluation 
of superconducting magnetic energy storage, and evaluation of a bi-directional 60-kW power 
converter to operate as a static VAR compensator or voltage source inverter. 

PG&E Contact: 

Bob Malahowski 
Electrical Unit Supervisor 
PG&E Technical and Ecological Services 
3400 Crow Canyon Road 
San Ramon, CA 94583 
Ph: 925-866-5366 
Email: RJMc@pge.com 

mailto:RJMc@pge.com
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Figure 3. Equipment Testing Yard with Bus Structure in Background. 
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Figure 4. Closer View of Enclosed Equipment Testing Yard and Bus Structure. 
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Figure 5. Main Control Room. 

Figure 6. View of Equipment Testing Yard from Control Room. 
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Figure 7. Indoor DG Equipment Testing Laboratory. 
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Appendix A 

PEAC Facility Brochure 
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