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PV+ES planning considerations 

• What are your mission critical loads? 

• How long do you want to operate off grid?

• Location and capacity of onsite systems?

• What role for backup generation (if any)?

• What procurement “business model”?



What is your design basis threat?

Image Credit: http://www.crisishq.com/
Slide courtesy of Arup 



Image by Jeff Goldberg/Esto. From EDC magazine, 12/16/13.

320,000 SF, $80 million facility completed in 2013



• Designed to withstand 7.5 Richter scale seismic event

• Critical facility sustained operations during power outages

• 350 kW rooftop solar power array, solar thermal hot water 

• 35 kW PV canopy is public device charging station

Image by Jeff Goldberg/Esto. From EDC magazine, 12/16/13.
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FL SunSmart Schools 
E-Shelters program

• FL Energy Office, FL Solar Energy Center, DOE 

– 2009 ARRA funds to expand shelter program

– Goals: save energy costs, shelter, educational tool

• 115 schools totaling ~1 MW PV

– Goals: save energy costs, shelter, educational tool

– Total shelter capacity of 10,000–50,000 people

• Teachers, school facilities staff training  



FL SunSmart Schools E-Shelter program

• 10 kW PV, 48 kW / 25 kWh lead acid batteries

– 150 mph wind loading requirement 

– $74,000–$90,000 installed, savings $1,500+/yr

• 1 kW critical loads defined by local committee

– American Red Cross, Emergency Management, 
school facility personnel and FSEC 

• Lighting, outlets for device charging; no HVAC

– Enhanced Hurricane Protected Area in each school

– Typically gyms, cafeterias, classrooms



Solar Market Pathways 

Solar+Storage for Resilience

Slide courtesy of Arup 



Partners

Slide courtesy of Arup 



The Issue

Data Credit: Lifelines Council
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PV+ES Technologies

Slide courtesy of Arup 



PV+ES … + Generators

Adapted from slide courtesy of Arup 



Design Decision Tree
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SF Critical Facilities

Slide courtesy of Arup 



Potential Microgrids

Slide courtesy of Arup 



Potential “West Side” Microgrid

Slide courtesy of Arup 



Microgrid Considerations
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Microgrid Considerations
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Slide courtesy of ABB 



Graphic: Duke Energy (Accessed March 2016 at http://aee-ncpc.org/docs/mcalpine_fact_sheet.pdf)
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Scripps Ranch, CA

Graphic: Resilient Power Project



Scripps Ranch Community Rec Center
• Support from CPUC, DOE, CA Solar Initiative

• Existing 30 kW PV, added ES to empower EOC

– Grid-tied 100 kW inverter

• Add 100-kW/100-kWh lithium-ion battery

– 2 grid-tied 100 kW inverters

– Island via Princeton Power Systems Site Controller 

• Energy bill fell from $2,000/mo to nearly zero

– Shave peak for demand charge reductions

– Revenue for grid support 



Stafford Hill, Rutland, VT

Photo: Green Mountain Power



Stafford Hill, Rutland, VT
• Green Mountain Power with Dynapower,

GroSolar, DOE, ESTAP, State of VT

• 1st 100% solar microgrid,1st on brownfield

– ES provides ancillary services to the grid

– Island mode energy support for HS shelter

• 2.5 MW PV panels, 4 MW ES 

– 2 MW / 1 MWh Lithium ion 

– 2 MW / 2.4 MWh lead acid batteries

• ~$10.8 million cost, ~ 10 year payback



Graphic: MA DOER



MA DOER Community Clean Energy 
Resilience Initiative grant awards

• Technical assistance by Cadmus Group, HOMER Energy, MCFA

• Seven projects serve individual facilities
• Boston (4 community shelters)

• Northampton Fire Headquarters

• Cape and Vineyard Electric Cooperative

• Cambridge

• Four projects seek to install battery storage in microgrids
• Metropolitan Area Planning Council – Beverly

• Berkley

• Sterling 

• Northampton

• Medford

• Greenfield

• Holyoke



Microgrids and Single facilities

Adapted from MA DOER graphic



Microgrids and Single facilities

Adapted from MA DOER graphic



City of Northampton, MA  

• FD HQ

– 100 kW PV, 640 kWh battery (dispatch 1st)

– Diesel emergency generator (dispatch 2nd)

• Cooley-Dickinson hospital microgrid

– Hospital with CHP

– School with PV+ES

– Department of Public Works garage



City of Holyoke, MA

• FD HQ 

– 53 kW PV + 300 kWh battery bank

– Islandable, 3 day duration  

• Mt. Tom emergency communication tower 

– Small PV, small wind turbine, 200 kWh battery

– Islandable, 3 day duration  

• City of Holyoke school shelter 

– Islandable PV+ES



Thank you for your time...
QUESTIONS?
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