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RESILIENT POWER PROJECT CASE STUDIES

This case study is one in a series by Clean Energy Group (www.cleanegroup.org) as part of

The Resilient Power Project (www.resilient-power.org), a joint project with Meridian Institute
(www.merid.org). This project seeks to expand the use of clean, distributed generation for affordable
housing and critical community facilities to avoid power outages; to build more community-based clean
energy systems; and to reduce the adverse energy-related impacts on vulnerable populations. The case
studies produced seek to highlight installations of solar PV and battery storage (solar+storage) systems
to demonstrate their economic, community resiliency, and health benefits. More information about this
project and others can be found at www.resilient-power.org.

DISCLAIMER

This report is for informational purposes only. The authors make no warranties, expressed or implied, and
assumes no legal liability or responsibility for the accuracy, completeness, or usefulness of any information
provided within this document. The views and opinions expressed herein do not necessarily state or reflect
those of report’s funders or any of the organizations and individuals that have offered comments as this
document was being drafted. The authors alone are responsible for the contents of this report. The inform-
ation contained within is subject to change. It is intended to serve as guidance and is not intended to provide
investment advice or a recommendation or solicitation to invest in any particular securities, organizations,
or projects that may be mentioned.
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Duluth, MN
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Blog post: www.cleanegroup.org/hartley-nature-center/
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Hartley Nature Center Solar and Battery
Storage System

A Minnesota educational facility installs a battery storage system to compliment an
existing solar electric system for cost savings and resilient power

THE CHALLENGE: Unreliable Power Causes Lost Revenue

The flood of June 2012 set many records in Duluth, MN, a community of 86,000 that saw 12 inches of rain
in just a few hours. There was extensive damage to roadways, water treatment systems, homes, and
businesses. More recently, a powerful summer storm in 2016 knocked down trees and left many without
power for several days in Duluth. Hartley Nature Center (HNC), a nonprofit nature-based education facility
located on city property, lost power for six days after the storm, effectively shutting down its classrooms,
exhibits, library and other facilities. Before power could be restored, the outage forced Hartley to cancel a
week of youth camps, the source of a large part of their revenue for the year. The returned camp fees caused
aloss of $14,000.

These storms and their costly impacts triggered a renewed interest in the pursuit of resilient power systems
in the city. At the same time, HNC needed an upgrade to its energy system. The building has one of the first
solar power arrays in northern Minnesota; installed in 2003, the system is comprised of an 11-kilowatt fixed
array on the roof and a 2-kilowatt ground-mounted dual-axis tracker, and the system’s six original inverters

were beginning to fail.

THE SOLUTION: Solar PV plus Battery Storage System

Hartley Nature Center, the City of Duluth, the University of MN-Duluth, Great Northern Solar,
Ecolibrium3, and other partners teamed up to deploy a demonstration of solar+storage, along with new
inverters, at HNC. The idea was to install a battery system that would add value and decrease cost, while
also providing backup power in the event of an outage. The battery system would provide resiliency by
allowing the solar+storage system to “island” from the grid during an outage and continue providing power
to the Center, a feature that would allow HNC to continue operating through an outage and serve as a base
of operations for first responders and shelter for the surrounding community during an emergency. Its
public emergency services would include phone charging, wi-fi access and phone service, refrigeration, and
lighting; these services could potentially be sustained indefinitely in the event of a grid shutdown due to
winter storms, flooding, or other causes.
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Several components of the battery system design and installation are worth noting:

Critical load subpanel. The installation included adding a critical load subpanel and 600-amp
software integration sensor that allows communication between the building’s energy load and the battery.
The battery was part of a larger energy retrofit at HNC that included replacement of the HVAC controls and
ground source heat pump (GSHP), separation of the hot water storage tank from the GSHP, and lighting
upgrades.

Building load profile. The building provides a very good load profile for energy storage demand
management because of relatively brief spikes in energy demand resulting from operation of the GSHP.
During the winter, the ground source heat pump comes on early in the morning, causing a spike in electrical
energy demand around 7 a.m., which can be addressed by the battery storage system. As the building heats
up, the electric load levels off just as PV output rises with the sun. (See Appendix C for 12-second electricity
interval data.)

Backup power strategy. The facility’s backup power strategy was designed to cover two situations.
Hartley Backup Mode is designed to keep Hartley running as a business in the event of a short power outage
(less than 4 hours) with a minimum of operational capacity diminished. Civil Emergency Mode would
require the shutting down of some operational systems (such as nonessential equipment or loads, like
desktop computers), and the addition of plug-load capacity for communication device recharging, such

as phones, tablets, and laptops (see Appendix B).

Project Overview

Project Owner: Hartley Nature Center and City of Duluth
Location: Duluth, MN

Equipment: Existing 13kW solar electric system (11kW roof mounted 2 kW ground mount
dual-axis tracker), 6 kW / 14.2 kWh lithium-ion battery, 3 inverters, 1 SPS outlet, critical load
sub-panel

Installed cost: $45,000
Payback: Dependent on demand management results

Building loads supported: Lighting, communications, plug loads/device charging,
refrigeration

Services provided: Demand charge reduction, backup power

Supported infrastructure: Emergency community shelter and potential base of operations
for the city's emergency response efforts

Project partners: Ecolibrium3, University of Minnesota — Duluth, City of Duluth, Hartley
Nature Center, Great Northern Solar, Lake Superior College, Clean Energy Group, Minnesota
Power
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Solar System Details

Pre-existing (2003) roof- and ground-mounted solar arrays
Solar system size: 13 kW

Configuration: 11.3 kW roof mounted (6 kW connected to battery system), 1.8 kW ground
mount dual-axis tracker (not connected to battery)

Estimated annual production: 17,000 kWh annually (theoretical, PV watts)
Solar system % of load: 32%

Ownership structure: Direct ownership

System owner: Hartley Nature Center and City of Duluth

Revenue sources: Net metered solar generation

Energy Storage System Details

Type of technology and size (power-kW / capacity-kWh): 6 kW / 14.2 kWh lithium-ion
battery

Technology provider: Sunverge

System location (interior/exterior): Interior, in a mechanical room
Date of service/operation: August 2016

Energy storage system % of load: Undetermined

Ownership structure: Direct ownership

System owner: Hartley Nature Center and City of Duluth

Revenues sources: Demand charge reduction

_—
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FINANCIAL DETAILS

Project cost. The installed project cost was about $45,000, although it was initially expected to be
$20,000. The higher cost was due to unexpected modifications, including bringing the building’s electrical
system up to 2014 electrical code with rapid shutdown capability for both the storage system and the new
inverter. Additionally, a continuing education class was created to allow students to earn credit for helping
with the installation of the system, and the creation of the curriculum and fees for the instructor added to

the overall cost of this project.

Financing, grant funding and in-kind contributions. The City of Duluth provided in-kind
contributions valued at $12-15,000 and Ecolibrium3 provided in-kind contributions to project management.
The project received a Regional Sustainable Development Partnership Grant through the University of
Minnesota Extension program. Funding was provided for education and technical assistance from Clean
Energy Group’s Resilient Power Project Technical Assistance Fund. Minnesota Power Foundation and
University of Minnesota contributed to capital cost funds. Additional donations were made by the Izaak
Walton League, IBEW, and Werner Electric. Student fees were collected for continuing education class.
Cash was paid directly for the project by Hartley Nature Center.

Tax credits. HNC was not able to take advantage of tax credit incentives on the project since, as a
nonprofit, it is not eligible. Had an eligible tax investment partner been found, the project could have
potentially received significant financial incentives through the federal Investment Tax Credit (ITC) and

accelerated depreciation.

Current savings. The repaired solar array and battery are expected to save HNC $1,500 in energy costs
per year, through net-metered solar power production and demand charge reduction, providing a project
payback of 30 years. This includes $1,150 per year in avoided electricity purchases and a 5kW monthly peak
demand reduction at a savings of $5.84 per kW. The battery itself could have been installed for $25,000-
$30,000 without the additional project costs required for updating the existing solar PV system and bringing
the building’s electrical system up to 2014 code, which would have resulted in about a 20-year payback.

Project Financials

Equipment costs: Battery, $17,600
Installed costs: $45,000 including additional modifications to the building’s electrical system.

Project funding: A combination of grants, in-kind contributions, donations, student fees,
and cash were used to pay for the project.

Ownership structure: Owned outright by Hartley Nature Center and City of Duluth
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Potential future savings. It is possible for the energy storage system to achieve significantly greater
savings if the battery system, combined with various other energy efficiency upgrades, is able to reduce
electric consumption to less than 2,500 kWh for three months in a row and keep power demand below a
peak of 10 kW. HNC could then change its electric utility tariff from a demand-based to a non-demand rate
structure, resulting in lower bills and significantly increasing the value of the energy storage system. These
additional savings would reduce the payback period to less than 10 years.

To understand whether this economic value strategy can be successful, HNC will require 12 -18 months to
fully assess the consumption of new energy installations, like HVAC controls, the ground source heat pump,
water heating units and LED lighting, as well as the production of solar energy and the use of energy storage

to meet peak energy demand needs.

The value of bCIckUp power. A recent powerful summer storm knocked down trees and left many
without power for several days in Duluth, including HNC. Six days after the storm, power was finally
restored to the building that houses HNC’s classrooms, exhibits, library and other facilities; ironically, just
two hours before the battery storage system was delivered for installation. During the multi-day outage,
HNC was forced to cancel a week of its summer camp programming, which is an important source of
revenue for the nature center. The returned camp fees caused a loss of $14,000. Avoiding lost revenue from

cancelling camp programming for future outages provides important financial insurance for the Center.

Educational value. An additional value of this project is the demonstration of clean energy
technologies it provides for the community, students, and power utility. The project also provides a platform
for experimenting with peak demand shaving that could be replicated as a cost-saving measure in other city
facilities.
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LESSONS LEARNED

The following key takeaways represent a few of the important lessons learned by project organizers and
developers throughout the process of planning and installing HNC’s resilient power system.

Utility parinership. The renewable energy lead at Minnesota Power helped avoid unnecessary project
costs that could have hindered the project from going forward. An advocate within the power utility was
critical for project design and implementation.

Code updates. Rapid shutdown and arc volt protection were required to bring the building up to 2014
electrical code, since this project was a retrofit and modification of an existing energy system. These were
not anticipated parts of the project and they added to the overall project cost and timeline. Working closely
with Great Northern Solar, Minnesota Power and the City of Duluth (the permitting authority) was critical,
since they were learning about these types of installations along with the project partners. Their willingness
to work with the project partners was critical to the success and economic feasibility of this project.

Voltage. The original energy storage integration plan was to include the existing 2 kW ground-mounted
PV array with dual axis tracker. However, this system was found to run on a different voltage from the roof
array, meaning the two arrays could not both be integrated with the Sunverge battery unit without
expensive alterations. The decision was made to connect the battery only to the rooftop array. Because of
this, at times when PV production from the rooftop array is reduced by winter snow cover, HNC may need
to recharge the battery with electricity purchased from the grid during low-cost periods, such as at night.
Normally, utilization of grid resources to recharge the battery would diminish or, if grid utilization exceeded
25 percent of charging, disqualify federal investment tax credit incentives for the energy storage portion of
the project, but as a nonprofit HNC is not eligible for tax credits.

Exterior disconnect switch. The project included installation of an exterior disconnect switch that
would allow the utility to disconnect the building from the grid without entering the building. Several
discussions were held between the utility, Great Energy Solar, and the City, to provide assurance that the
battery could not accidentally feed power back on to the grid while disconnected, so that the utility’s line
workers would not be put in danger. Additional disconnects were installed in the interior of the building,
and the rapid shutdown device and arc vault protection were connected to the exterior disconnect switch,
so that the entire system can be shut down with the external switch. These measures helped convince the
utility that their concerns were being addressed.

Winter overload. Under certain conditions in the winter, for example when it is cold but very sunny,
production from the solar modules may exceed their nameplate capacity. To prevent a power overload on
the energy storage system inverter, Great Northern Solar determined that three individual solar modules
should be removed from the rooftop string that was integrated into the energy storage system. This does
reduce the overall standard power rating of the rooftop array by 500 watts, but was necessary to protect
the storage system.
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Demand management optimization. HNC’s main electrical loads include water heating, a
ground source heat pump, and a backup electric boiler. These are connected to the rest of the building’s load
in a 600-amp main electrical panel, while the Sunverge software integration sensor current transformer
(CT) could only be placed on circuits up to 200 amps. While two 200 amp subpanels were present onsite,
neither were connected to the water or space heating loads that make up the bulk of electrical demand.
Thus, placement of the energy storage CT on a 200-amp subpanel would not allow energy storage software
to detect the activation of the main demand loads, while the size of these loads prevent them from being
wired into the 200-amp subpanels. Possible solutions included wiring a “swing load” into the 200-amp
subpanel that is monitored by the CT, which would require being set up to allow the software to recognize
when heat is being called and discharge accordingly. Alternately, the timing of the battery storage discharge
could be set to alleviate known peaks in demand, such as early morning activation of the heat pump to raise
building air temperature. But both solution strategies would have required extensive data collection and
adjustment over the course of a year. Ultimately, the City of Duluth and HNC were able to install a
600-amp CT to overcome this problem.
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APPENDIX A: PROJECT TIMELINE

January 2016: Project concept was initiated.

February 2016: Grant funds were secured from the Regional Sustainable Development Partnerships at the
University of Minnesota Extension, Minnesota Power Foundation, the City of Duluth, and Clean Energy
Group’s Resilient Power Project Technical Assistance Fund.

June 2016: Sunverge was selected to provide the battery system.

July/August 2016: A technical design of the system was produced.

August 2016: A continuing education curriculum was developed around battery installation, and battery
installation is completed.

August 26, 2016: System was fully commissioned and battery system was operating intermittently with
onsite supervision.

January, 2017: Battery started operating continuously with grid resources, but battery remained
disconnected from rooftop solar. Demand management software update was installed.

April 2017: Battery was fully connected to rooftop array, building energy storage system and solar retrofit
installation were fully operational. Ongoing exploration of building energy efficiency opportunities and case
assessment by University of Minnesota Duluth.
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APPENDIX B: BACKUP POWER SCENARIO TABLES

Table 1: Critical Loads

Critical Load Backup Description Surge Load Operating Load
Server, Wi-Fi, Phones | Plug load: mech. 135 W 15W
Room
Refrigerator 115 Volts, 7.7 Amps 250 W 250 W
Lighting Bathroom 610 W 232 W
Mechanical Room 128 W 128 W
Classroom 1 46 W 46 W
Classroom 2 46 W 46 W
Plug Loads Exhibit Hall: 8 W/phone 8 W/phone
Hartley: (1: 4 plug 32 W 32 W
outlet)
Civil: (3: 4 plug outlet) | 96 W 96 W
Office: 2 desktops 1200 W 10 W standby
Office Library: 2 248 W 248 W
Laptops & 6 phones
Classroom 2:
Hartley:(1: 2 plug 200 W 200 W
outlet)- 100 W laptop
Civil:(5: 2 plug outlet)- | 248 W 248 W

(2) 100 W laptops, (8)
8 W/ phones

Maximum Total Loads
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Table 2: Critical Load Schedule

Critical Load Backup

Description

Hartley Backup

Civil Emergency Mode

Mode < 4hr > 4hr
Server, Wi-Fi, Plug load: mech. Room Yes Yes
Phones
Refrigerator 115 Volts, 7.7 Amps Yes Yes
Lighting Bathroom Yes Yes
Mechanical Room Yes Yes
Classroom 1 Yes No
Classroom 2 Yes No
Plug Loads Exhibit Hall —
(1: 4 plug outlet) Yes — 4 phones No
(3: 4 plug outlet) No Yes — 12 phones
Office- 2 desktops Yes No
Office Library: Laptop & Yes: 2 laptops, 6 Yes: 2 laptops, 6
phone phones phones
Classroom 2: Laptop &
phone Yes: 2 laptops No
(1: 2 plug outlet) No Yes: 2 laptops, 8
(5: 2 plug outlet) phones
y
\W) CleankEn Group
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APPENDIX C: LOAD PROFILES
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APPENDIX D: RESILIENT POWER SYSTEM ONE-LINE DIAGRAM
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APPENDIX E: ADDITIONAL PHOTOS

[ o —-

Captions, counterclockwise from top left: Inside the battery at Hartley Nature Center; unloading the
battery to be installed at HNC; the battery in the mechanical room at HNC; the old inverters replaced
along with the battery and other energy system upgrades at HNC. Photos provided by Hartley Nature
Center.
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Clean Energy Group and the Resilient Power Project have produced reports and analysis on a wide range of
resilient power policy, finance, and technology application issues. For a complete list of the Resilient Power
Project’s other informational resources, please visit www.resilient-power.org to access its extensive
knowledge base, including webinars, blogs, and presentations.

ABOUT THE RESILIENT POWER PROJECT

The Resilient Power Project, a joint initiative of Clean Energy Group and Meridian Institute, is working to
accelerate market development of solar PV plus battery storage (solar+storage| technologies for resilient
power applicatiens serving low-income communities. The Resilient Power Project works to provide new tech-
nolagy solutions in afferdable housing and eritical community facilities to address key climate and resiliency
challenges facing the country:

* Community Resiliency — Solar+storage can provide revenue streams and reduce electricity bills, enhane-

ing community resiliency through economic benefits and powering potentially life-saving support systems
during disasters and power outages.

* Climate Adaptation — Solar+storage systems can provide highly reliable power resiliency as a form of
climate adaptation in severe weather, allowing residents to shelter in place during power disruptions.

* Climate Mitigation — Battery storage is an enabling technology and emerging market driver to increase
odoption of sclar PV for distributed, clean energy generation and to advance climate mitigation efforts.

The Resilient Power Project is supported by The JPB Foundation, Surdna Foundation, The Kresge Foundation,
MNathan Cummings Feundation, and the Barr Foundation.

Learn more about the Resilient Power Project at
www.resilient-power.org.



http://www.resilient-power.org/
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