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Executive Summary: The Department of Natural Resources (DNR) will be installing small-scale solar
photovoltaic systems into several of their facilities and develop a renewable energy interpretive program. This is
in preparation for large-scale implementation of renewable energy resources into new and existing DNR facilities.
DNR is interested in doing renewable energy in a way that is not only in keeping with its mission and the
Governor’s Executive Order 05-16, but in a way that will inform and encourage other renewable energy
applications. Installations included in this Project are rooftop solar photovoltaic systems connected to the grid
and freestanding photovoltaic systems at locations where a building is well shaded but open sunlight is close;
these systems will be installed at selected area offices, interpretive centers, visitor centers, and hatcheries. The
Project will form the framework for establishing renewable energy design and specification standards for future
photovoltaic installations at the DNR.

This project will provide DNR with a process and the tools for determining the feasibility of various renewable
energy systems, the development of standard designs and specifications for photovoltaic systems, a number of
grid-connected and customer-sited installations, a monitoring process, and a renewable energy interpretive
program. The DNR has over 2,500 buildings ranging from vault toilets to visitor centers at 182 sites throughout
the state. Within these facilities opportunities exist for solar photovoltaic systems. The DNR will use flat plate
photovoltaic arrays mounted on sloped roofs at State Park sites, flat plate photovoltaic arrays mounted in series on
flat roofs at larger buildings such as Regional offices, and flat plate photovoltaic arrays mounted on the ground at
historic sites. All systems are anticipated to be fixed and will be connected to the grid.

The goals of this project are to develop a series of renewable solar energy strategies, prototypes, and
specifications that will become part of all future new and renovated DNR facilities and to install at least 99kW of
photovoltaic systems, both grid-connected and customer-sited. Specific objectives include:

» The development of assessment tools for building site selection, both to select sites for this project as well
as for use by DNR to assess sites for future renewable energy installations

» Assessment and selection of sites serviced by Xcel electricity for inclusion in this project

» Design, construction documents, and construction administration for a minimum of 99kW of solar array
collection systems for electricity generation at approximately 6 DNR state parks, regional and area offices

» The development of an interpretive program about the solar energy installations at the above referenced
sites.



Technical Progress: This milestone required the installation of the first 33 KW of photovoltaic capacity. The
actual installation was a 38 KW ground mounted PV system at William O’Brien State Park. This site was
selected based on the following criteria:

» Overall Site Criteria
- Park Level: Good overall proxy for park attractiveness, amenities, prominence, etc.
= Level 4 of 5 levels. Itasca State Park is the DNR’s only Level 5 park.
- Park Annual Visitors: More visitors means more opportunities for interpretation
= Approximately 225,000 visitors each year
- Park Overnight Stays: Overnight visitors are more likely to take time for interpretive activities
= Approximately 35,000 overnight stays each year
- Park Focal Point: A natural point of congregation like a Visitor Center, amphitheater, park store, etc.
provides a good venue for interpretive activity
= The array is located behind the Contact Station, where vehicles stop for information, permits, etc.
* Location-specific Criteria
- Location Electricity Use: Provides opportunity to offset cost and carbon emissions
= The entire Park uses approximately 100,000 KWh each year.
- Location Demand Charges: Provides opportunity to offset large monthly costs of high usage rates
= Over $1,500 each year
- Location Solar Access: This will be the result of a site assessment exercise, and will include all related
factors like roof slope/orientation/condition, shading, etc.
= The arrays are mounted in an open, unshaded field next to the Contact Station
- Location Interpretive Space: Space near the PV array that can be used for interpretive displays
= The Contact Station will have signage and an interactive terminal for interpretation

Evaluation criteria scoring metrics were defined and used to enable consistent evaluation across sites and
evaluators. The criteria were weighted by a panel of experts representing DNR Parks, Regions and the Central
Office. The completed selection tool spreadsheet provided a quantitative ranking for each potential location to
help guide decision making. William O’Brien was our highest scoring site with 35 points.

System Design: The system consists of 165 PV modules mounted in three arrays. The REC 230 watt photovoltaic
module was selected for its proven production and moderate price. Each PV module is paired with an Enphase
micro-inverter to convert the direct current produced by the module to the alternating current used on the electric
grid. The Enphase micro-inverter was selected for the following reasons:

e Provides 10 — 15% more energy than traditional inverters. In an “apples to apples” comparison in the
month of September, 2010 at our Gilbert OHV site 16 Enphase micro-inverter equipped PV modules
produced 111% of the energy produced by 16 PV modules using a traditional inverter.

e No single point of system failure. Failure of a traditional inverter means loss of all energy production.

e Simpler design, installation and management.

e Safer because of low voltage DC and standard AC, instead of 600 volts DC with traditional inverters.

e Provides performance monitoring at the individual PV module level, not just at the entire array level.

The 38 KW array should produce about 51,000 KWh each year, reducing the DNR’s yearly carbon emissions by
over 42 metric tons. The PV array should offset about half the park’s electricity usage.
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System Construction: Several issues had to be resolved during construction of the PV array. The soil in the open
field was found to contain more moisture than the soil at the site of the soil boring test. This caused a redesign of
the array foundation from concrete piers to a more expensive floating slab design. Construction activity also
uncovered pre-existing damage to the drain field piping which caused a delay for repairs. The transformer was
determined by Xcel Energy to be undersized for the amount of power generated by the array. This resulted in a
delay in interconnecting the completed system until the transformer could be upgraded by Xcel. The PV array
was interconnected to the power grid on December 28, 2010, about 3 months later than the original plan.
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Data Monitoring: Data monitoring of the PV Array and building energy consumption is an important part of the
DNR’s strategy for reducing energy use and carbon emissions. Building energy monitoring allows the occupants
to see the amount of energy they are using and change their behaviors to reduce consumption. Data monitoring of
the PV Array allows for early problem detection and supports the DNR’s interpretation efforts on solar energy.
The energy monitoring portal for the William O’Brien site can be found at: http://woboffice.d.egauge.net/.

Milestones:  #1: Selection of an engineering firm; completed on June 11, 2009.
#2: Process and tool to assess buildings for renewable energy; completed on October 6, 2009.
#3: Site selection; completed on December 11, 20009.
#4: Installation of first 33 KW of nameplate capacity; completed on December 28, 2010.

Project Status: Project is ahead of schedule with implementation of 99 KW planned by the end of 2011 instead
of by the end of 2012. This accelerated timeline will allow us to reduce our carbon emissions earlier and provide
a more timely interpretive experience for park visitors. The modular design of the 13 KW ground mounted array
will also support a faster implementation.


http://woboffice.d.egauge.net/�

LEGAL NOTICE

THIS REPORT WAS PREPARED AS A RESULT OF WORK SPONSORED BY NSP. IT DOES NOT
NECESSARILY REPRESENT THE VIEWS OF NSP, ITS EMPLOYEES, OR THE RENEWABLE
DEVELOPMENT FUND BOARD. NSP, ITS EMPLOYEES, CONTRACTORS, AND SUBCONTRACTORS
MAKE NO WARRANTY, EXPRESS OR IMPLIED, AND ASSUME NO LEGAL LIABILITY FOR THE
INFORMATION IN THIS REPORT; NOR DOES ANY PARTY REPRESENT THAT THE USE OF THIS
INFORMATION WILL NOT INFRINGE UPON PRIVATELY OWNED RIGHTS. THIS REPORT HAS NOT
BEEN APPROVED OR DISAPPROVED BY NSP NOR HAS NSP PASSED UPON THE ACCURACY OF
ADEQUACY OF THE INFORMATION IN THIS REPORT.





