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Solar power, along with other forms of renewable energy, has received a great deal of national attention over the last several years, and has been
the focus for many policy and development initiatives. juwi Solar, Inc. (JSI), a developer of solar power plants throughout North America, sought
to deploy a large solar generation field in north-central Ohio, and partnered with ESC engineering for system design and remote monitoring, as
well as a variety of project oversight tasks. The resulting 10-megawatt field was, at the project’s energization, the largest solar installation in the
State of Ohio and the second-largest of its kind east of the Mississippi.
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Summary:
Large-Scale Solar Generation Field
Goals:
• Design reliable, flexible, and costeffective system
• Minimize power losses
• Provide remote monitoring of site
• Create benchmarks for future system
implementations
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PROJECT ASPECTS:
• Right-of-way issues to overcome for line
and array placement
• Compressed design and construction
schedules
• Created design standards used
throughout project
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Highlights:
• 	Largest solar field in Ohio
• Implemented an auto-restoration scheme
to minimize outages
• SCADA system and PQ metering provided
valuable operational data
• Design allows for high degree of flexibility
for maintenance activities and minimizes
downtime

a p p l i c at i o n :
The 10-megawatt Wyandot Solar Farm outside of Upper Sandusky, Ohio, is located on a 77-acre, county-owned
field adjacent to Wyandot County Airport. The facility consists of 159,200 ground-mounted solar panels and
eight modular power stations which each house a transformer and two 630kVA inverters and can generate
enough energy to power up to 9,000 homes. A four-mile 12.47/7.2kV overhead distribution line links this solar
facility to American Electric Power’s (AEP) North Upper Sandusky Substation where it ties into the grid.
juwi Solar, Inc. (JSI) of Boulder, Colorado was the turn-key engineering, procurement, and construction contractor for the project, hiring ESC engineering (ESC) to design the 15kV underground cable system that interties the
solar arrays and power stations to the switchgear, the relay protection at the solar field, the four-mile distribution
tie line, and a Supervisory Control and Data Acquisition (SCADA) system at the site. ESC also developed specifications for the equipment procurement including the switchgear, relay panel, and control building, oversaw
bid selection for approved manufacturers, provided a list of critical phases of the installation where strict QA/
QC and engineering oversight was required, assisted with the interconnection agreements and conducted the
project commissioning before the solar field went online.
Construction began in the fall of 2009 at which time JSI transferred ownership rights in the solar facility to PSEG
Solar Source (PSEG). The project began generating renewable solar power in May 2010 for AEP, which bought
all generated output from PSEG through a 20-year power purchase agreement.

R e qu i r e m e n t s :
• Utilize cost-efficient and standardized equipment and materials that meet required specifications and are
easy to replace at a reasonable cost and timeframe, should it be necessary to do so
• Design conductor size and circuit routing to economically minimize power losses with proper consideration
of the load factor and the value of power produced by the solar field
• Provide a degree of operating flexibility to allow de-energized work without the need to remove the entire
solar field from service
• Implement a SCADA system at the power stations to allow for offsite monitoring and troubleshooting of the
solar field

C h a ll e n g e :
JSI needed a power system design, equipment recommendations, and communications system design and
installation that would satisfy standard requirements while minimizing cost outlay and economic power losses.
Special attention would have to be directed toward recommending equipment that met standard code and
compliance specifications while satisfying the client’s budget.
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Other design considerations included the adjacent airport landing field, which intersected the positioning of the solar
arrays and power stations, and right-of-way restrictions that necessitated a minor re-route of the four-mile distribution
tie line to the substation.
In addition, all solar generating plants present unique characteristics and design criteria regarding fault currents and
generation-type conditions. Shortly after the Wyandot facility went online, several distribution line disturbances disrupted service at AEP’s substation, causing the relays at the solar field to trip and lock out. Because the solar field is
unmanned, a crew had to be deployed to the site each time this occurred to manually restore the field to the grid—an
undesirable situation that ESC’s solution would have to address.

Solution:
The four-mile 12.47/7.2kV distribution tie line from the solar field to the AEP substation was routed adjacent to rural
roads and begins at a 600 amp gang-operated disconnect switch. Due to aerial conflicts and right-of-way limitations,
it was necessary to place the initial 500 feet plus one 2,300-foot segment of cable underground. In addition, two
self-supporting deadend structures were required where easements could not be obtained for guys that would have
extended into the field. The line was designed utilizing class three 40-foot poles with 300-foot ruling span to provide
adequate clearance and structural strength.
The phase conductors for the distribution line were selected based on the lowest life cycle cost. 795 ACSR Drake
conductor was utilized for the aerial phase conductor and 4/0 ACSR Penguin was determined to be sufficient for the
neutral. To provide the proper balance of economics and reliability, the underground portions of this feeder line were
designed with three single-phase 1,000 kcmil aluminum conductor with 220 mil insulation, 1/6 copper concentric
neutral and an outer jacket.
The communications infrastructure and SCADA system at the solar facility enable remote monitoring and provide a
quick response if any given array or inverter is not performing properly. An interface was developed with the inverters so
the SCADA system could communicate directly to monitor overall performance and efficiency without any proprietary
interference. The SCADA system was connected to the power stations through a fiber optic network that minimized
noise induction, unlike traditional copper wiring that may transmit conductive noises, transients and surges that could
potentially disrupt communications and damage equipment. In addition, a power quality (PQ) meter was installed
at the main delivery tie point to allow JSI to monitor—both in real time and historically—the quantity and quality of
the power being generated and delivered. The meter stores interval date as well as PQ data such as sub-cycle disturbances that can be viewed and correlated with weather and/or other events.
Although many of the system disturbances that initially occurred on AEP’s system were temporary in nature, they
caused the undervoltage relaying at the solar field to operate and trip the site off line. Dispatching personnel to the
solar facility to restore service after each disturbance was problematic and costly. ESC therefore designed an auto-restoration scheme at the solar field switchgear that utilized an existing SEL-351 protective relay to automatically restore
normal operation of the solar facility once healthy three-phase line voltage and frequency were reestablished by AEP.
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R e s u lt s :
In-house expertise at ESC was maximized for
this project from multiple sources throughout
the company. Individuals across diverse areas
of experience and industry focus collaborated
on the design of the DC solar application aspects, electrical distribution and protection, the
four-mile distribution line, the communications
networks, and the overall SCADA system.
ESC performed the project commissioning
before the solar field was energized to verify
everything was operating the way it had been
designed. Commissioning went smoothly and
no changes or corrections were necessary. The
auto-restoration that ESC implemented to circumvent the temporary fault conditions that
disrupted solar generation has also operated
seamlessly since installation. ESC delivered
the project within budget and schedule, and
successfully coordinated with JSI throughout
the duration of the project.

F o ll o w - u p :
ESC also provided design expertise to JSI for
a ground-mounted 12.6-megawatt solar generating facility in Jacksonville, Florida. Project
kick-off for the Florida facility began a few
months before design work began at Wyandot
and commercial operation was anticipated
to occur during the second quarter of 2010.
Working on both projects concurrently provided
a synergistic environment for the design, installation, and testing phases of these two projects
that was beneficial to the operational success
of both.
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