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Zero and Beyond



• Basis

• Where the energy goes

• Production and consumption

• Solar electric (PV) components, guidelines, issues

• Battery storage

Overview
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Basis
• Zero (or better!) net annual site energy

• All electric buildings using air source heat pumps

• Renewable energy is from grid-interconnected, on-site PV

• Experience from MA, NH, and VT superinsulated houses

• Data logging from either monthly reading of glass front meters 
or eMonitor
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Where the Energy Goes
• Data from 13 homes, 2-4 occupants

• Superinsulated houses, 1,200 to 1,600 sf, new and DER

• One house is a PH and is 2,400 sf

• All minisplit HPs

• Electric DHW, solar DHW, and HPWH
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VT PH
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MV DER 1
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MV Shallow ER
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8 MV Houses
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MV DER 2
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kWh by End Use, 3 Years
Annualized 3808 kWh
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VT DER
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All 13 Households
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All 13 Households
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8 Households – 4 Year Trends
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PV vs. Enclosure

R-31 Wall, R-50 Roof, 
R-20 Basement
Triple glazed FG windows
154 CFM50
5 kW PV

~2X PH AHD limit (2BR model)

1329 kWh/year heat 1st 2 years

Need 500W PV to cover difference
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8 Households – 4 Year Trends
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8 Households – Heat vs. CFM50
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8 Households – Heat vs. Floor Area
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8 Households – Heat vs. BRs
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8 Households – Energy vs. Occupancy
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8 Households – Other vs. Occupancy
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8 Households – DHW/person/day
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MV DER 2 End Use Breakdown 
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Heat Pump kWh vs. HDD70
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DHW kWh/gallon vs. Temp
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DHW kWh/gallon vs. GPD
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Net Energy Flows
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Daily Usage vs. Generation

April 3rd 2014
Usage 12.3 kWh, Generation 31.7 kWh
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Daily Usage vs. Generation

March 13th 2014
Usage 20.1 kWh, Generation 0.4 kWh (snow)
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Daily Usage vs. Generation

August 28th 2014
Usage 6.5 kWh, Generation 25.4 kWh
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• Principal components are solar electric panels and inverters

• The panels produce direct current (DC)

• The inverter(s) convert that to 240V alternating current (AC)

• Inverters can be micro-inverters, mounted on each panel, in which 
case each panel produces AC, or

• string inverters, in which case a string of panels, or multiple 
strings in parallel, are wired in series to produce several hundred 
volts DC as input to the inverter

• The AC inverter output is wired into the main utility panel, where 
it can either serve loads in the house, or if the generation exceeds 
the house load the power is exported to the grid. No grid, no PV.

Grid-interconnected PV Systems
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One line diagram
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7.5 kW



• >95% efficient

• They make some noise and heat

• Service life expected to be 
shorter than the panels – 10 
year warranty is common  

String Inverters
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• Per panel conversion to AC

• Good for shaded or multiple 
facing arrays

• Per panel monitoring

Micro-inverters
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• Monocrystalline panels are 14-20W/sf 

• Annual output in kWh/Kw depends on location, orientation, and 
shading – in the northeast the range is 1,000 – 1,400 kWh/kW/yr

• Annual output from an unshaded roof or ground mounted system 
is 14-26 kWh/sf/yr

• A free easy-to-use online estimating tool is PVWATTS, which 
gives a monthly estimate of kWh generated given location and 
system inputs

Guidelines
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PV Watts

Marc Rosenbaum, PE – South Mountain Company – Martha’s Vineyard, MA



PV Watts
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Type your zip code or location, then click Go



PV Watts
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PV Watts selects the appropriate weather file. 
Next, click on Go to system info
OR



PV Watts
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Click the box for SolarAnywhere data 
– you have to get by the Captcha ;-)



PV Watts
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I click on the icon on Martha’s 
Vineyard, where I live



PV Watts
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PV Watts
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This brings up a page with these inputs (and other stuff you can 
explore). For now, I will enter my system size, array type, and 
the tilt and azimuth of the array, and leave the PV Watts defaults 
for Module Type and System Losses.



PV Watts
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PV Watts
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Click on Go to PVWatts results arrow



PV Watts
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Las Vegas



• Estimated annual energy consumption of 7,000 kWh/yr

• Generation of 1,300 kWh/kW/yr given location/tilt/azimuth

• Minimum required = 5.4 kW

• Panel output 18W/sf, so aperture required is 300 sf

• Install more to account for unpredictability of usage, seasonal 
weather and insolation variation, and electric transportation

Rough Sizing Exercise
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Year on Year Variation
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Shading
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8:59 am 238W 9:01 am 1519W

9:03 am 2119W



Daily Usage vs. Generation

• Over close to two years, the PV system generated 12,300 kWh
• 10,189 kWh was exported, and 5,758 kWh was imported
• Usage was 7,869 kWh, for a net export of 4,431 kWh
• 2,111 kWh of PV generated energy was used on site
• This was only 17% of PV generated energy
• Consider thermal storage and electricity storage so more of the 

generation will be used on site
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Battery storage
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• Storage useful for:

• Demand charge reduction

• Time of day rate cost savings / arbitrage

• Back-up power

• “Self-generation”, especially as net metering is compromised

• Most promising in the near term are lithium-based batteries

• Integrated products with 4-16 kWh storage and integrated  
inverter and controls

• Tesla is apparently shipping their product…we haven’t seen one



St. Croix example
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19 kWh lithium iron 
phosphate battery
16 3V 400Ah cells

Outback inverter and charge controllers –
Option to not export to the grid



Sonnenbatterie Eco10
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10 kWh (4-16) lithium iron phosphate battery   7 kW inverter



Sonnenbatterie Eco10
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• AC coupled 
• Programmable
• Built-in transfer switch
• Can be used to increase self-

consumption
• Can be used for back-up
• Can be used for arbitrage
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PV Autonomy Model
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Add Battery Storage
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Varying Storage and PV Size
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Varying Heat Load



Marc Rosenbaum, PE – South Mountain Company – Martha’s Vineyard, MAPV Enclosure Storage - Rosenbaum

Emissions
• New England eGrid value for CO2 emissions is 0.578 lb/kWh

• Getting 6,128 kWh from the grid = 3,542 lbs/year CO2

• A Honda generator = +/- ¼ gallon gasoline/kWh (25% load)

• This makes 4.9 lbs/kWh of CO2, 8.5 times the grid 

• 3,542 lbs/year CO2 from a generator = 183 gallons = 730 kWh

• If off-grid, one needs PV + storage to reach 88% of the annual 
6,128 kWh/year load to break even on emissions compared with 
using the grid 



Case Study – Kern Center

Hampshire College  Bruner Cott Wright Builders



Case Study – Kern Center

0.046 CFM50/sf; 0.060 CFM75/sf of enclosure 



Case Study – Kern Center



Case Study – Kern Center



Case Study – Kern Center



Case Study – Kern Center



Case Study – Kern Center



Case Study – Kern Center



Case Study – Kern Center



Case Study – West Tisbury Art Barn

South Mountain Company
Photos Derrill Bazzy



Case Study – West Tisbury Project

• 3,000 ft2 multipurpose building – art gallery, shop, 
greenhouse, solar electricity

• Not heated, but high quality thermal envelope and 
very tight construction (0.05 CFM50/ft2 shell)

Solar applications include solar electricity, solar 
greenhouse with remote thermal storage, daylighting



Solar Electricity

• Estate usage of 36,000 kWh/year and objective of net 
zero electricity

• Buildings are heated with propane; swimming pool 
converted from propane to a heat pump pool heater

• Objective of providing power when the grid is down 
led to a bi-modal system with SMA grid-tied and off-
grid inverters with battery banks

• 35 kW of Sunpower panels mounted on the standing 
seam roof – annual output of ~ 45,000 kWh



Solar Electricity



Solar Thermal

• Solar greenhouse designed to keep plants at 50F or 
more through the winter without heating

• Glazing is double low-e argon Cardinal 180
• When greenhouse temperature is greater than thermal 

storage temperature a blower turns on to transport 
heated air from the greenhouse to the basement level 
thermal storage

• Heat retrieval during cold night time conditions is via 
passive natural convection



Solar Thermal

• Clear day calculations on vertical and horizontal 
glazing to assess thermal storage need – final design 
has 300 five gallon water containers that store 125,000 
BTU over a 10˚F rise – concrete in the basement adds 
significant additional storage

• Peak hourly net gain calculation to size the blower



Solar Thermal



Solar Thermal



Solar Thermal



Solar Thermal



Daylighting

• Both gallery and shop were designed with little 
sidewall glazing 

• Toplighting via a continuous ridge skylight was 
chosen to daylight these spaces

• A Daylight Factor of 2% was the target
• Glazing is triple low-e argon Cardinal 272 – VLT is 

56%



Daylighting
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Daylighting



Daylighting
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Thank You!


