[image: ]
[bookmark: _GoBack]Ann Arbor Fire Station No. 6 (AAFS6)
Energy Efficiency Improvements and Rooftop Solar PV Installation
Project Charter and Design Basis

1.0 INTRODUCTION
The City of Ann Arbor, Office of Sustainability and Innovation (OSI) is championing the installation of energy efficiency (EE) improvements and solar PV generation on the two-level rooftop of the AAFS6, originally constructed in 1981 on the south side of Eisenhower Parkway west of Main Street on the City’s south side.  This Charter defines basic requirements and options associated with the Project, which is targeted for construction in the summer/fall of 2019.  EE improvements include conversion of current lighting systems to LED fixtures where possible, addition of a heat pump to reduce natural gas combustion, along with other City-directed actions (designed by others).   Preliminary sizing of the solar PV array suggests that over 50 kilowatts (kW) of nameplate DC production is possible as further defined herein; final agreement is needed for near-term City Building Permit preparation as well as budget validation.  A DTE Category 2 Interconnection Application was prepared and submitted by others on behalf of the City, ahead of the May 8th DTE net metering cutoff date.

2.0 TECHNICAL REQUIREMENTS
It is noted that the Fire Station #6 was designed in 1980 (Reference 6.4) and built in 1981, with many undocumented modifications to the structures and electrical systems over the subsequent 39 years.  The most significant electrical modification occurred in 2013 with the change-out of the emergency generator and electrical power systems which incorporated by permit but without any formal electrical drawings (an outage to safely as-built the current systems requires planned coverage via other Stations).  As a result, integration of new solar PV equipment may require some electrical changes during project execution. 

The two-level roof is flat and totals 8,100 square feet with perimeter pilasters, accessible by external ladder.  Shading from hose tower and pilasters, access for maintenance, removal of existing solar thermal array, and safety barriers for volunteer module assembly need to be considered in design.

2.1	Codes/Standards and Authority Having Jurisdiction
The EE improvements and Solar PV alteration project shall be in accordance with the following codes and standards (complies with the Michigan Rehabilitation Code for Existing Buildings), based on initiation in 2nd or 3rd quarter, 2019: 
· 2015 Michigan Building Code (incorporating 2015 International Building Code)
· Michigan Electrical Code based on the 2017 National Electrical Code with Part 8 State Amendments (Reference 6.1)
· DTE Electric Category 2 Interconnection requirements (Reference 6.7).
The Project shall also meet the requirements of IEEE 1547-2018, Standard for Interconnection and Interoperability of Distributed Energy Resources with Associated Electric Power Systems Interfaces given that there will periods of time when excess power generated will flow back to the DTE 13.8 KV distribution grid (see herein).

The Authority Having Jurisdiction (AHJ) is the City of Ann Arbor Construction and Building Department.  The City Fire Marshal shall also be involved in Project reviews and approvals given its role as Owner.

2.2	Electrical Interconnection and Improvements
Because the proposed solar PV array exceeds in 20 kW generation but is less than 150 kW, the Project generation must receive advance approval from DTE Electric (DTE).  Technically, interconnection of the array with the existing DTE grid (see Section 2.3) shall be in accordance with DTE Electric’s Category 2 Generator Interconnection Requirements (Reference 6.7).  The Interconnection Application (fee paid by City) was made in May with DTE reply expected by mid-June; a building permit application should also be completed soon given the lead time needed for gaining City approvals.  The 2018 Honeywell building energy audit did and recent 2019 walkdown (References 6.2 and 6.3) not address the existing Enerworks solar hot water heating system that exists; subsequent review and discussion with the Fire Chief indicated that such has not been maintained nor used in recent years.  As a result, it is assumed that this equipment including rooftop solar panels will be removed prior to new solar PV addition.
EE improvements will typically consist of fixture replacement with LED bulbs, supplemented with ballast replacement and circuit upgrades as needed, and replacement of an existing low efficiency natural gas-fired furnace with air source heat pump.  The City is working through Seth Penchansky at AIA, who is contracting out the LED lighting work through Robert Adams with the Resource Lighting Group; firm will be identified shortly for the heat pump addition.  The funds for these EE improvements will be separate from those required for the solar PV project and will come from the “energy fund”.  Given that these tasks will be completed by others, separate building permits will also be secured for the EE improvements. 
2.3	Existing Electrical Configuration and Demand
The AAFS6 is fed primary 13.2 kV, three phase electrical service via a DTE pad-mount 75 kVA transformer located to immediately west of the building with 208V, three phase secondary power routed underground into the AAFS6 electrical room.  Several years ago per Reference 6.5), this service was integrated with a Kohler automatic transfer switch (normal power supply) and 1,500 kW Kohler gas-fired generator located immediately north of the Station.  The transfer switch enables emergency power supply via the generator upon loss of DTE supplied power.  All electrical loads in the AAFS6 are fed from a 208 V main service panel (4-wire with two 120V hot legs (wye) as MSP) with step-down to 120V single phase power at Panel 1 (single leg from 208V, as grounded) and other sources.  The current electrical configuration is NOT accurately depicted on available drawings, but will be depicted on Arbor Consultants design and as-built sets going forward.

Reference 6.2 contains 2015 to 2017 calendar year demands for electricity by month, which are believed to be representative for 2018 and 2019 (to-date) demands.  Monthly minimum and peak electricity demand are nominally 4,000 and 7,000 kWh in shoulder and summer months respectively.  As summer PV production is much higher in the summer, such should reduce peak demand and associated DTE energy costs.  The following statistics were calculated:


	Statistics
	Value

	Annual Electricity Demand*
	62,600 kWh

	Average Monthly Demand
	5,216 kWh

	Average Hourly Demand
	7.2 kW/hour

	Capacity Factor (rooftop array in MI)
	0.15 estimated

	Nominal Nameplate System Size (average hourly demand/capacity factor)
	47.6 kWAC nameplate


 *Before any EE improvements

2.4	Solar PV Addition – Description and Interfaces
Upon integration, the solar PV array power flow will be tied in electrically upstream of the MSP to maximize supply to loads when solar production exists.  The Project electrical generation will typically parallel that of the incoming DTE Electric 208V service, with the ability to “flow-back” power to DTE’s grid during elevated solar production exceeding loads.  The Project will not enable islanding operations – any scenario where the DTE grid is not available will be served by the emergency generator with the solar PV array being isolated so as to avoid two power supplies (such islanding may be enabled if a future microgrid or battery storage is desired). 

Solar PV modules will be placed in ballasted racks atop the AAFS6 single ply roofing, at upper and lower roofs.  Per Michigan Building Code Section 1510.7, all rooftop solar PV equipment shall be listed and labeled in accordance with UL 1703.  Installation will be preceded by: (1) demolition of the existing solar thermal equipment/lines, (2) protective coating (safety yellow) and labeling of the existing gas distribution piping above roof, (3) completion of any emergent maintenance on rooftop HVAC equipment, (4) placement of sacrificial single ply roofing media at traffic areas and under proposed ballast racks, and (5) procurement/installation of temporary rooftop safety measures (e.g., perimeter barrier).  Fixed solar modules in landscape configuration are planned as noted herein on the proposed upper and lower arrays.

Modules will either be 60- or 72-cell mono- or multi-crystalline silicon panels supplied by a Tier 1 manufacturer, with 10-year product warranty and 25-year linear performance guarantee committing to a maximum reduction of 0.7% per year for at least 25 years.  Similar modules/sizes will be used for both upper and lower arrays; it is recommended that at least 4 to 5% spare modules be initially procured given the risk of obsolescence.  References 6.2 and 6.3 discussed rooftop and rooftop plus ground mount solar PV systems with nameplate production ranging from 171.6 kW (net zero) to 54 kW, respectively.  From initial Arbor modeling of the rooftop space only, maximum solar PV array sizes are as follows:
· Up to 105 modules on upper roof (12 rows of between 7 and 10 modules - landscape)
· Up to 108 modules on lower roof (19 rows of between 4 and 6 modules - landscape)

Perimeter walkways between module rows will support maintenance.  Module rows may cover existing natural gas piping above the roof that will remain.  Module rated output at standard test conditions (STC) range from 240 to 400 watts per module; production at nominal cell operating temperature (NCOT) is typically 90 to 100 watts/module less than STC; cost/module is obviously less for lower output ratings.  Depending on module/inverter selection, the module string DC voltage output will either be 1,000 VDC or 1,500 VDC (this will dictate safety and inverter equipment selection and circuit sizing).  Ballasted modules are best configured in landscape configuration to reduce the wind loads and risks of being dislodged.
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Multiple options exist in terms of optimizers/inverters, depending on factors such as initial capital cost, DC/AC ratio and AC capacity, need for module health monitoring, reliability, redundancy, and manufacturer/equipment reputation.  These options include:
· Central inverter(s) – all DC inputs combined/inverted to single AC output
· String inverters – DC inputs from segments (strings) of the two arrays are routed to dedicated string-based inverters
· Micro-inverters (dedicated to modules) or optimizers/combiners leading to string or central inverters.

Ballasted roof racks will be arranged in rows, with quantity of modules in each row dictated by rooftop obstructions, access needs, and shading avoidance.  Manufacturers offer varying rack angles for landscaped modules, typically ranging from 4- to 20-degree angle to horizontal depending on wind load-based stress and ballast needs.  This compares unfavorably to preferred angle equal to the site latitude (42.5 degrees to horizontal), but ballasted racks avoid roof penetrations and points of in-leakage.  Tier 1 suppliers include Unirac, Iron Ridge, Ecolibrium, Renusol (CS60), and Polar (PR2).

In terms of total area suitable for housing solar PV modules, the upper roof area is nominally 4,400 square feet (70 by 63 feet), whereas the lower roof area is nominally 3,700 square feet (92 by 40 feet).  Both roofs are covered with insulated single ply membrane conducive to a ballasted PV arrangement.  After demolition of the defunct solar thermal system on the lower roof, shading could be produced by the perimeter pilaster structure, roof top HVAC components, and hose tower (southwest corner of upper roof) and these effects need to be factored into annual production estimates.

Four primary constraints exist which will ultimately define nameplate PV sizing: (1) available budget (as higher output modules cost more), (2) equipment electrical ratings, (3) DTE-allowable sizing, and (4) optimized use of rooftop area.  Based on constraints and previous data, the initial solar PV configuration included in this Charter are as follows:

Modules: (210) modules at 310 wattsDC/module = 65.1 kWDC   
Inverters:  With DC/AC ratio of 1.14, the gross AC generation = 57.1 kWAC

This array is roughly of similar size as that on Ypsilanti Fire Station, which employed optimizers and four 14.4 kWAC Enphase inverters, but with 18 fewer modules.  This PV array scale also keeps peak load flow under the 400 Amp system design; additional review of the safety/protection systems will take place in system design.

2.5	Aesthetics/Planning/Risk Matters
Because of the existing perimeter pilasters and roof height, the proposed solar PV array will not be visible from the ground.  The AAFS6 is not a historical structure and not located in a “historical district” so no special approvals are required for the Project.  The Project supports the City’s Climate Action Plan and other EE improvements are being instituted at the same time.

From a risk perspective, the following key topics are noted:
· Array sizing should be maximized based on DTE and budget limitations;
· A realistic project schedule needs to be created based on budget and regulatory/approval processes, procurement lead times, and final construction plan;
· Budget management and constraints need to be clear to all participants;
· Safety in the as-delivered solar PV project is paramount;
· Regulatory, Fire Department, and DTE approvals are needed and require management. 

3.0 DIVISION OF RESPONSIBILITY
The following general responsibilities are identified for key Project participants:

OSI (as Owner):  project management, defining EE improvements, securing of necessary funds/contracts, DTE Interconnection and permit acquisitions, coordination of volunteer installation force, supply of master electrician services

Ann Arbor Energy Commission:  Owner’s technical representative (reviews)

Ann Arbor Fire Department (Owner): Support, including equipment receipt and potentially including labor to elevate solar PV materials to roof level

Arbor Consultants, PC:  Project design and procurement/construction oversight, including building permit and DTE interconnection documentation 

Architect (name):  EE improvements design and separate permit/design documentation submittal.

Both Building and Electrical Permits for the Project will be secured from the City of Ann Arbor’s Building Department before the project proceeds through design/construction (applications by Architect and Engineer of Record, paid for by OSI).

4.0 SCHEDULE, FINANCING, AND RELATED TOPICS
The OSI will secure all necessary funds to pay for permits, procurement of hardware and materials, construction specialties, demolition, electrical and other construction work.  Securing said financing by OSI and lead time from when equipment is purchased to delivery are on the critical path of the schedule and will ultimately dictate the start of Project work.  Key milestones include the following:

OSI and City Council Project Approval:				May 17, 2019
DTE Category 2 Interconnection Application Submitted:		May 8, 2019 (actual)
Conceptual Design Complete/Submit Permit Applications:		August 1, 2019
   (EE Improvements and Solar PV Project)
Secure Financing for Project:						TBD (cash flow review)
Receive Permits from Building Department/DTE Approval:		September 1, 2019
Design Completion and Major Equipment Order:			September 1, 2019
Construction Mobilization (prerequisite activities):			October 1, 2019
All Equipment Received at AAFS6:					October 15, 2019
Rooftop Construction Complete:					November 15, 2019
Electrical Construction Complete/DTE Acceptance:			December 1, 2019
PV Arrays and System Energized:					December 15, 2019

All financing/funds necessary for the Solar PV and EE Improvement Projects will be secured by the OSI.

The PV Solar Project cost estimate initially prepared by Arbor Consultants totaled $120,000 (assumes volunteer module/ballast assembly, electrical contractor interconnection, and no other OSI or external costs beyond equipment and material procurement).  Refinement is needed. 

5.0 KEY PERSONNEL
The Director, Office of Sustainability and Innovation (OSI) is Ms. Missy Stults who has overall responsibility for this Project and many others associated with sustainability in the City.  The OSI Project Manager is Mr. Joshua MacDonald.  The Engineer of Record will be Mr. Chuck Hookham, P.E., of Arbor Consultants, PC in Ann Arbor.  Other engaged personnel include Mr. Wayne Appleyard, Mr. Mark Clevey, and Mr. John Mirsky (panel serving as Owner’s engineer).  The Architect of Record for EE Improvements (separate/parallel project) is Seth Penchansky. 

At this juncture, an execution strategy for the design, procurement, and construction of the Project has not been crystallized.  Current thoughts are as follows:
· Solar design can be completed by Arbor Consultants, PC, but supplemental details on the existing FH6 are needed (structural drawings, gas-fired generator interconnection details, others);  EE improvement design is separate and by the Architect of Record;
· Procurement of engineered equipment (modules, inverters, electrical equipment, racks) will be accomplished by the City with assistance from Arbor Consultants; packaged supplies offered by entities such as McNaughton & McKay (Mc&Mc);
· Construction likely will be a split of volunteer labor (University of Michigan students and City-based residents and professionals) and contracted contractors (e.g., electrical construction shall be by a licensed electrical contractor); oversight of this “team” and specific requirements such as safety guidelines need definition as this is where risks associated with safety, schedule compliance, budgets, or “grey areas” of responsibility arise.

6.0	REFERENCES
6.1	2015 Michigan Electric Code
6.2	Honeywell, “City of Ann Arbor Building Audit”, Fire Station #6, 2018
6.3	100% Municipal Renewable Energy Group (Ann Arbor Energy Commission), “Report on Site Visit to Ann Arbor Fire Station”, March 15, 2019
6.4	Meneghini Oberhizer Associates, “Ann Arbor Fire Station 6 Bid Drawing Set”, various sheets, September 29, 1980
6.5	City of Ann Arbor, 2013 Furnish and Erect Contract with Michigan State Electric for Kohler 150 kiloWatt (kW) Emergency Generator Installation
6.6	Kohler Owner’s Manual for 150 kW Generator Model 150 REXGC and 400 Amp Automatic Transfer Switch, 2013
6.7	DTE Electric, Category 2 Generator Interconnection, Technical Requirements.
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