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Executive Summary:  
Construction of a 102.5 kWDC photovoltaic (PV) capacity solar installation was completed on 
November 12, 2015 at CHS Field (Lowertown Ballpark) in St. Paul, home of the Saint Paul Saints 
(Saints) baseball club. The facility consists of two arrays: a 58.3 kWDC PV shade pavilion over a 
spectator terrace and a 44.16 kWDC structured array at the northeast corner of the site.  This highly 
visible project is part of a larger sustainability initiative of the Saints and the City of Saint Paul 
and complies with the City of Saint Paul Sustainable Building Policy by meeting the guidelines of 
the Minnesota “Buildings, Benchmarks & Beyond” (B3) sustainability goals. The B3 policy for 
energy use requires that two percent of the overall energy demand is met with on-site solar or 
wind. Estimates indicate that approximately twelve percent of the ballpark’s energy will be 
produced by the solar arrays. Energy generated by the solar arrays is used on site.  As the arrays 
produce electricity they decrease the ballpark’s demands on the solar grid and provide a hedge 
against increasing electric costs. This report coincides with the completion of the first year of 
operation of the arrays and completion of all production Milestones. The total energy produced 
during the first year, June 2016 through May 2017, was 118,569 kWh. 
 
This solar array project, with a prominent presence at CHS Field and through interactive kiosks in 
the stadium concourse, achieves significant positive exposure to park visitors. The Saints set an 
attendance record for the team, and the American Association Independent Baseball League, with 
over 404,000 spectators over 50 games in their first season in 2015, and had over 405,000 
spectators in their second season in the summer of 2016. The visibility of solar technology, and 
engagement of social and educational initiatives at the ballpark, have met key goals and are 
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successes of the project.  It is a large piece of the project team’s goal to create the “Greenest 
Ballpark in America.”  
 
 
Project Benefits:   
At the early stages of planning and feasibility analysis for the Lowertown Ballpark Solar Project, 
the potential benefits were organized into four primary categories: Energy Production, Ratepayer 
Benefit, Education, and Environment.  With a cost-effective design the 102.5kW capacity arrays 
reduce the electrical demand of the ballpark and provide a hedge against potentially increasing 
electric costs for the Xcel ratepayer. Additionally, this new power source reduces peak-demand 
and stress on the Xcel Energy grid, made possible by the three-party Interconnection Agreement 
signed by the City of Saint Paul (owner), Saint Paul Saints baseball club (operator), and Xcel 
Energy.   
 
Production values for the for the ballpark arrays indicated that the peak power output of the arrays 
was 89 kW on May 22nd, 2017 at 12:30 pm. Over the first year of operation peak values per month 
were as lowest in January with a production peak for the month of 42.7 kW and highest from April 
through September months as 78.6 kW as noted in the chart below. 
 

 
 
CHS Field has been a positive contributor to St. Paul and the Lowertown neighborhood.  Based 
on current projections and past data, the one-millionth visitor is expected to walk through the 
ballpark gates in the 2017 baseball season.  The increase in people to the neighborhood has been 
accompanied by a boost in economic activity outside of the gates and new job opportunities within.  
In the first year of operation there were 73 full-time equivalent jobs created on site at the new 
ballpark. The solar arrays are contributing to the economic gains caused by the ballpark.  The 
anticipated financial savings to the Saints baseball club, as operator of CHS Field, from the power 
produced is $22,400 per year. 
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Because one of the two solar arrays is built as a pavilion amenity and meant to provide shelter for 
people to gather beneath, each visitor is given an opportunity to interact with the solar arrays 
directly. This helps establish a unique understanding of the project.  It was important that the arrays 
were visually accessible to guests and a part of the experience of going to the ballpark.  If the 
arrays were out of sight it would have dramatically decreased the ability to engage visitors and use 
this project as a means of educating them about the possibilities and values of solar energy.  
 
This public engagement is enhanced by a touch-screen kiosk adjacent to the pavilion array in the 
outfield concourse and at the main entrance gate where people can explore the energy production 
data of the ballpark with nearly real-time data.  The kiosks are an interactive way to learn about 
the benefits and possibilities of solar energy, and part of the public outreach that has taken place 
since the press release on July 6, 2015 (Appendix 3: Media Advisory).  
 
The environmental goal of the project was to reduce the greenhouse gas footprint and decrease air 
pollution.  The solar arrays provide a significant offset to traditional energy sources and are 
effective in reducing air pollution and greenhouse gas emissions. In 2016 the Xcel Energy 
electricity supply for the Upper Midwest included energy from two fossil fuels among primary 
sources: natural gas, 25 percent, and coal, 37 percent, of total production).1   This project will help 
offset some of the greenhouse gases and pollutants produced as a result of powering the ballpark. 
The Xcel Energy rate payer can see this impact through three emission reductions to Carbon 
Dioxide, Nitrogen Oxides, and Sulfur Dioxides. 
   
The City of St. Paul and the Saint Paul Saints Baseball Club aim to be leaders in sustainability and 
responsible in use of resources.  This solar project is a very important to that commitment, and it 
is the most visible element to ballpark visitors highlighting the goal to become the Greenest 
Ballpark in America.   
 
 
Project Lessons Learned:  
As the preferred site locations for the solar array structures were analyzed during the design 
process, it became clear that one of the anticipated locations would have to change.  The original 
position of the structured solar array was above the staff vehicle parking stalls, near the east 
entrance of the stadium.  Having a location above parked vehicles would have resulted in some 
additional costs to accommodate channeling of rainfall, snow, and ice in addition to potential 
security lighting for the cars parked underneath.  Other places on the ballpark property were 
investigated with the goal of being more secure from vandalism while providing better visibility 
of the solar technology and investment.   
 
Wedged between a 25-foot Minnesota Department of Transportation easement adjacent to 
Interstate 94 and the Highway 52 Lafayette Bridge at the northeast and a sanitary sewer easement 
at the southwest is a strip of land that accomplishes these objectives. It’s location on a hillside also 
allows for a more optimal angle toward the sun which helps increase the energy production of the 
solar panels.  
 
                                                 
1 https://www.xcelenergy.com/energy_portfolio/electricity/power_generation 
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2014 Solar Array Location Study 
  
The pavilion array location changed very little through the design and analysis stage of the project. 
Because of its function as a gathering place for ballpark visitors and considerations for structural 
costs, it was constructed at a lower angle toward the sun than optimal for this latitude.  Perhaps, as 
shown in the CHS Field (Lowertown Ballpark) First Year Solar Power Production chart on page 
seven, this helps explain why the power production was slightly less than anticipated duing the 
first year of operation.  
 
As the array locations were finalized, the project team found that soil conditions in Saint Paul can 
be unpredictable.  In many places within the City, construction sites must deal with the remnants 
left behind from previous land uses, including building materials and chemical pollutants.  At the 
Lowertown Ballpark the soils engineer believed the soils were too soft and too rocky to support 
the array structures using the original footing design. Structural engineers explored stable 
alternatives and evaluated them against the project budget.  Due to rocks and old street cobble 
stones underground, it did not make sense to use some of the proposed solutions, which included 
micro piles that would reach depths of as much as 30 feet.  The final footing design was more 
economical and included wider footings whose depth reached only 16 feet. 
 
The design and construction process of these two arrays will be influential on future solar 
installations in the City of Saint Paul. As realized in the soil investigations, a contingency balance 
must be maintained as the project moves into construction and unexpected circumstances arise.  
The approach to future solar array construction projects will be similar to a new building project 
regarding schedule and budget.  Some products such as the structural steel, photovoltaic panels, 
and the inverters had very long lead times and had to be ordered well in advance to ensure 
availability.  Other common stock materials could be ordered later.  Similar to having a 
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contingency balance for the financial project budget, extra time should be included in the schedule.  
When the interactive kiosks arrived on site they were not the correct models, and did not work.  
By the time the project was ready for construction, with proper structural designs, materials on 
site, and a ground that had thawed after the long winter, the baseball season was underway.  To 
minimize the impact on the fan experience and baseball team operations, construction only 
progressed while the baseball team was playing games out of town.  In future solar projects we 
will have a better understanding during the design evaluation and feasibility phase of what will be 
most productive and financially achievable at our sites.  
 
The process of signing of three-party interconnection agreement is another important lessoned 
learned that will benefit future projects.  As is the case at some community center facilities across 
the City of Saint Paul, the City maintains the ownership, but the operations are done by another 
organization.  In the case of the solar arrays at CHS Field, the legal reviews and analysis by the St. 
Paul Saints facility operation and management team led to a longer process to execute the 
Interconnection Agreement.  This had a slight delay on the start-up date of the arrays.  On a future 
St. Paul project it will benefit all parties involved to begin the review sooner in the project 
schedule.   
    
 
Usefulness of Project Findings:  
CHS Field is owned by the City of St. Paul and considered part of the Parks and Recreation system.  
St. Paul’s Department of Parks and Recreation operates more than 120 buildings throughout the 
City, with a total of nearly 1.2 million square feet, in addition to over 65 million square feet of 
land area.  It is important for the City to be a leader and a good example for others in the 
community. It is also necessary and prudent to consistently explore new opportunities to be 
financially and sustainably responsible with such a large portfolio of facilities to maintain and 
operate.  The knowledge gained from the work of this project, made possible by the RDF grant, 
will help evaluate and prioritize future solar projects effectively and efficiently.  As this project 
has, future solar projects could also help provide a hedge against rising electrical costs and limit 
the impact on the Xcel Energy electric grid.  Lessons learned from this project include the analysis 
of location, function, size, scale, and design & construction schedule of a solar array project.  As 
the City of St. Paul engages in future solar projects, the data collected from these arrays will benefit 
the Xcel Energy rate payer by further reducing the load on the electric grid.  This is compounded 
by the fact that, because these buildings are public and meant to be used by the community, the 
exposure to the solar technology and its potential to inform people may also influence their pursuit 
of, and attitude toward, solar projects for their own homes, businesses, and communities.  
 
  
Technical Progress:   
Construction on the arrays began on June 11th, 2015. After completion of detailed soil composition 
studies, it was determined that the structural foundations of the ground-mounted solar arrays, as 
originally designed, would not withstand the anticipated lateral loads caused by winds and shifting 
soils. Alternative options were explored that would ensure the structural integrity of the arrays. 
Some were not feasible for construction reasons, others for economic reasons. A newly designed, 
42-inch-wide and 16-foot-deep, “poured-in-place” concrete foundation was determined to be the 
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appropriate solution. Construction on both arrays commenced in coordination with the baseball 
team’s 2015 schedule.  
 
Construction on the northeast and pavilion arrays was completed by September, 2015.  The 
northeast array includes 144 SunPower X-Series X21-327-Com 327W modules oriented 20 
degrees.  The pavilion array includes 153 modules of the same type, oriented at 5 degrees.  The 
array capacities are 44.16kWDC and 58.30 kWDC respectively. The differences in the two array 
structure designs are a result of their locations at the ballpark site and their proximity to visitors.  
 

 
Of the two arrays, the northeast array is positioned at a more optimal angle for capturing the sun’s 
energy at this latitude.  This was feasible because it sits at the edge of the ballpark property above 
a slight hill.  It is surrounded by fencing and landscaping and is in a space inaccessible to the 
public. Although the pavilion array is located only thirty feet to the southwest, the site conditions 
are quite different and required a very different design solution. As the name suggests, the pavilion 
array is designed to be a place for the public to gather for social activities before and during 
baseball games. As a result, the PV panel array is mounted high above a concrete slab with black 

Structural Footing for Northeast Array Northeast Array at the Start of Solar Panel Installation 

Pavilion Array Under Construction Installation of the Solar Panels on the Pavilion Array 
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steel structural supports that are designed to relate to the steel structure of the rest of the ballpark. 
The height of the array allows it to provide shelter from the sun and rain. It also makes the panels 
out of the reach of visitors to the ballpark and those towering Saint Paul Saints home runs! The 
arrays were commissioned per the manufacturer’s recommendations and requirements on 
November 12, 2015. 
 
 

 
Since the arrays first became operational on May 18th, 2016, the energy generated has been used 
on site. During the first sixth months of operation energy production had a direct relationship to 
the estimates of the electrical engineers on a monthly basis.  However, the energy production 
deviated from projections during the winter months, most notably, as seen in the chart below, 
during December and January.  Some variations were anticipated due to unpredictable 
accumulated snow cover depths.  The following table notes the actual monthly production values, 
the projected values, and the variation between them since the facility became operational. 
 
The data shows that during the first year of operation 5,723 fewer kWh were produced than 
anticipated. However, the environmental benefits of the arrays have still been substantial. The 
corresponding carbon dioxide (CO2), nitrogen oxide and sulfur dioxide reductions were 
calculated by using emission rates for the Upper Midwest from the 2015 Xcel Energy Corporate 
Responsibility Report.   

 

Completed Solar Arrays: Structured Array on Left, Pavilion Array on Right 

http://using/
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CHS Field (Lowertown Ballpark) First Year Solar Power Production 
 
 Projected Production kWh Actual Production kWh Variation kWh 
June, 2016 16,307 15,203 (1,104) 
July, 2016 15,769 18,130 2,361 
August, 2016 14,127 13,955 (172) 
September, 2016 10,610 11,491 881 
October, 2016 8,640 8,756 116 
November, 2016 5,980 5,826 (154) 
December, 2016 4,760 1,489 (3,271) 
January, 2017 5,720 2,880 (2,840) 
February, 2017 7,270 7,290 20 
March, 2017 10,410 9,790 (620) 
April, 2017 11,700 10,760 (940) 
May, 2017 15,203 12,999 (2,974) 
Total 126,496 118,569 (5,723) 

  
Considering a reported rate of 1,002 pounds CO2/MWh, energy production of 105,570 kWh relates 
to a reduction of 50.69 metric tons of CO2 emissions.  With a Nitrogen Oxide emission rate for 
2015 of 1.1 lbs/MWh the solar array energy production corresponds to a reduction of 116.12 
pounds of Nitrogen Oxide. Similarly, using a reported 2015 rate for Sulfur Dioxide of 1.3 
lbs/MWh, there was an emission reduction of 137.2 pounds of Sulfur Dioxide with the energy 
produced from the CHS Field solar arrays. 
 
 
Educational Initiative: 
Since the time the ballpark design began a project goal was established to create the “Greenest 
Ballpark in America” and to educate visitors about this effort and its benefits. This is accomplished 
through enhanced digital and graphic features that help communicate the various sustainable 
strategies of the ballpark.  
 
There are two interactive kiosks in the stadium concourse. The touch-screen kiosks are connected 
to the internet and feature a website dedicated to the sustainable practices at CHS Field, 
http://sustainability.chsfield.com/. The website shows a plan of the ballpark, and offers more 
information about the solar arrays by selecting number 5, “Renewable Energy,” from the list of 
sustainable design strategies at the bottom of the page.   
 
A new controller installed in January, 2017 provides online public access to the power production 
data.  With the newly installed controller ballpark visitors and other interested people can, in real-
time, see the impacts of the solar arrays through charts and graphs like the following through the 
“Live Production Update!” and the “Solar Panel Array Overview” website links on the CHS Field 
sustainability website: 

http://sustainability.chsfield.com/
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Above: February 7, 2017.  This graph of power produced over time shows the late sunrise and 
early sunset of late winter.  There were some breaks in the clouds during the mid-afternoon 
which caused the power production to spike momentarily. 
 

Above: April 6, 2017. This chart shows the power produced on a very clear day Spring day.  There 
was limited blocking of the sun’s rays due to cloud cover, which resulted in a smooth curve.  In 
comparison to the February chart above it’s clear that the daylight hours are longer and the higher 
amounts of power produced relate to the sun’s higher position in the sky when compared to winter. 
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Above: May 15, 2017.  In addition to showing longer daylight hours, this chart shows two 
significant interruptions in power generation at two points through the day, first at 10:30 then, even 
more significant, at 12:30.  Both are the result of rain and thunderstorms that came through the 
area.  It is interesting to note that during the first rain event, which was lighter in intensity, the 
arrays were still productive. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Above: March 2017.  This bar graph shows the amount of energy produced daily throughout the 
month of march.  Many days exceeded the average yield expectations and many did not. The 
highest yield for March occurred on the 21st at 570 kWh.  The lowest yield of the month was on 
the 13th, with 46.29 kWh produced by the solar arrays. 
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In addition to the digital information available online, as part of a nightly feature on the ballpark’s 
video board, “The Greenest Ballpark in America,” segment is featured, wherein the Saints 
highlight sustainability initiatives undertaken by the ballpark and the team.  Several nights during 
the 2016 season the solar arrays were featured as part of the promotion in conjunction with other 
sustainability initiatives, e.g. rainwater harvesting, waste diversion, and sub-field filtration. The 
information was also conveyed through skits with the ball club’s entertainment crew with a 
humorous delivery to nearly 8,100 spectators during each of the Saints’ 50 home games.  Although 
the delivery will change, these entertaining skits will continue in future seasons.  
 
 
Project Status:  
The first full year of energy production of the arrays at CHS Field has been very successful.  There 
have not been any reports of glare issues or other concerns which could negatively impact a 
visitor’s experience. They continue to provide an excellent educational opportunity and are 
reducing the power demands at the ballpark.  With the recent corrections to the communications 
equipment, there are many opportunities to inform thousands of ballpark visitors for many years 
to come.  
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Appendix 

 
Appendix 1: SMA Cluster Controller replaced in January 2017, correcting communication glitch between solar arrays 
and online tracking. In January 2017, there was 2,880 kWh of energy was produced, but this was not being 
communicated to the digital tracker.  After January 30th, this was corrected.  The above chart includes 2017 output 
through May 15th.  

 
Appendix 2: This image at the 
left is a screen capture of what 
is visible to visitors to the 
kiosks at CHS Field.  Since this 
is web based information it is 
also accessible through smart 
phone, tablet, or personal 
computers through the 
sustainability website of CHS 
Field.  This graphic combines 
the power production over time 
with estimated CO2 avoided 
and cost savings.  The most 
recent dates are brought up by 
default, but a visitor to the 
website can manually enter a 
different date range as well. 
Note: the total yield is incorrect 
for January due to the 
previously mentioned 
technical issues. 
 



13 
 

Appendix 3 – Solar Energy Media Advisory 
 
 

 
 

NEWS RELEASE 
Xcel Energy Media Relations 
414 Nicollet Mall, 7th floor 
Minneapolis, MN 55401  
(612) 215-5300 

 
 

 
 
July 6, 2015 
 
 

 

MEDIA ADVISORY 
 

Let there be light 
Xcel Energy serves up solar at CHS Field  

 
WHAT:   Before the Saint Paul Saints baseball game Wednesday night, another team 

will take to the field to celebrate.  Xcel Energy, the city of Saint Paul and 
the Saints have scored by adding renewable energy to CHS Field.  

   
PHOTO OP:  Workers will begin installing 300 solar panels at 10 a.m. Wednesday. The panels 

                      are part of two solar arrays that will supply 12 percent of the park’s 
                      energy needs. The Saints expect to save $22,400 on their energy bill  
                      annually, while reducing the city’s carbon footprint. 

• Laura McCarten, regional vice president of Northern States Power Co.-
Minnesota, an Xcel Energy company 

• Tom Whaley, Saint Paul Saints executive vice president 
• Mike Hahm, Saint Paul Parks and Recreation director 

 
                  WHEN:    Wednesday, July 8, 10 a.m.  
 
                WHERE:    CHS Field-Saint Paul Saints Ballpark 
        360 N. Broadway St. 

                                            St. Paul, Minn. 
                                    Click here for Location Map 
                                   
 

FUN FACT: Over the next 15 years, the on-site solar array will generate 1,946,503 
kilowatt-hours, enough to cook 114.5 million hotdogs, and reduce carbon dioxide 
emissions by about 2,070,871 pounds. Here is to plenty of ballpark food, sunny days, and 
many winning seasons. 
 

https://www.google.com/maps/place/chs+field/data=!4m2!3m1!1s0x0:0xe1baf1544f08a4c6
https://www.google.com/maps/place/chs+field/data=!4m2!3m1!1s0x0:0xe1baf1544f08a4c6
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Appendix 4: The above diagram is displayed at the ballpark and on the CHS Field sustainability site, 
http://sustainability.chsfield.com/renewable-energy/ . This diagram graphically communicates the function of the 
CHS Field Solar Arrays. 
 

Solar Array Sections 

 
Appendix 5: The section drawings of the two solar arrays show the difference in the angle toward the sun.  The 
structured array on the left has a more optimal angle than the pavilion array on the right side.  (Drawings are not to 
scale.) 

LEGAL NOTICE 
 

THIS REPORT WAS PREPARED AS A RESULT OF WORK SPONSORED BY THE 
RENEWABLE DEVELOPMENT FUND AS MANAGED BY XCEL ENERGY.  IT DOES 
NOT NECESSARILY REPRESENT THE VIEWS OF XCEL ENERGY, ITS 
EMPLOYEES, OR THE RENEWABLE DEVELOPMENT FUND ADVISORY GROUP.  
XCEL ENERGY, ITS EMPLOYEES, CONTRACTORS, AND SUBCONTRACTORS 
MAKE NO WARRANTY, EXPRESS OR IMPLIED, AND ASSUME NO LEGAL 
LIABILITY FOR THE INFORMATION IN THIS REPORT; NOR DOES XCEL 
ENERGY, ITS EMPLOYEES OR THE RENEWABLE DEVELOPMENT FUND 
ADVISORY GROUP 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 OR ADEQUACY OF THE INFORMATION IN THIS REPORT. 

http://sustainability.chsfield.com/renewable-energy/
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