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Overview

Basis

Where the energy goes

Production and consumption

Solar electric (PV) components, guidelines, 1ssues

Battery storage
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Basis

Zero (or better!) net annual site energy

All electric buildings using air source heat pumps
Renewable energy 1s 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 1s a PH and 1s 2,400 sf

All minisplit HPs

Electric DHW, solar DHW, and HPWH
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VT PH

kWh by End Use, 3 Years
Annualized 5961 kWh

O Heat/cool
ODHW

B HRV

E Other
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MV DER 1

kWh by End Use, 3 Years
Annualized 9249 kWh

O Heat/cool
ODHW

B ERV

E Other

® Elec heat
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MYV Shallow ER

kWh by End Use, 1 Year
3755 kWh

O Heat/cool
ODHW
E Ventilation

E Lights/plugs/appliances
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8 MYV Houses

kWh by End Use, 8 Households, 4 Years
Annualized Average 9051 kWh

O Heat/cool
ODHW
E Ventilation

B Lights/plugs/appliances
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MV DER 2

kWh by End Use, 3 Years
Annualized 3808 kWh

E Heat/cool
ODHW

® Ventilation

Lights/plugs/appliances
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VT DER

kWh by End Use, 1-1/2 Years
Annualized 7708 kWh

Marc Rosenbaum, PE — South Mountain Company — Martha’s Vineyard, MA
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8 Households — 4 Year Trends

10000

Lights & Appliances
DHW
®RP

kWh/year 8000

6000 T
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PV vs. Enclosure

R-31 Wall, R-50 Roof,
R-20 Basement
s | Iriple glazed FG windows
e 154 CFM50
| SKWPV

~2X PH AHD limit (2BR model)

1329 kWh/year heat 15t 2 years

Need 500W PV to cover difference
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8 Households — 4 Year Trends

Total kWh/yr Annual energy usage
Annual PV production
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8 Households — Heat vs. CEM50

Heating Energy vs. CFM50

1000 1500 2000 2500 3000 3500
kWh/year heating energy
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8 Households — Heat vs. Floor Area

Annual heating energy/sf
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8 Households — Heat vs. BRs

Annual Heating Energy

® Radiant panels

® Heat pumps

KWh/year

s BR 2BR
2 BR modeled at 1810 kWh/vear,
COP =225
2000
: I I I I l
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8 Households — Energy vs. Occupancy

Annual energy usage vs. number of occupants

14000

E

6,873 KkWh - Annual PV production

*

kWh/vear
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8 Households — Other vs. Occupancy

Annual Lights & Appliances Energy Usage vs. number of
occupants
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8 Households — DHW/person/day

Gallons DHW/person/day
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MYV DER 2 End Use Breakdown

Unrecorded
6%

Receptacles

39, \ Unmonitored
0,
8% “HP
“HRV

HPWH

Lights
3%
Well pump

3% “ Refrig

Freezer
Rzonfc Range

Well pump

Lights

Receptacles

Unmonitored

Unrecorded

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



Heat Pump kWh vs. HDD70

0.22
0.26 * 1322
#1248 021

\ 64 7526 HDD70
1294 kWh

+=HDD70
m-kWh
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DHW kWh/gallon vs. Temp

kWh/gallon vs. Basement Temperature

65

Temperature. °F
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DHW kWh/gallon vs. GPD

kWh/gallon vs. GPD

Stiebel Eltron HPWH
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Daily Usage vs. Generation

April 312014
Usage 12.3 kWh, Generation 31.7 kWh

B Usage B Production  — Qutdoor Temperature

5,000W

4.000wW

=0
25

Apr 3 3:00am 6:00am 9:00am 12:00pm 3:00pm 5:00pm 9:00pm Apr 4
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Daily Usage vs. Generation

March 13t 2014
Usage 20.1 kWh, Generation 0.4 kWh (snow)

B Usage B Production  — Outdoor Temperature
3.500W 55°
50°
3.000W
45°
2.500W 40°
35°®
2.000wW
30°
1.500wW
25°
oo
1.000W . 1 . .
500W
10°
S:
Mar 13 3:00am 6:00am 9:00am 12:00pm 3:00pm 6:00pm 9:00pm Mar 14
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Daily Usage vs. Generation

August 281 2014
Usage 6.5 kWh, Generation 25.4 kWh

= Usage B Production - Qutdoor Temperature
5.000W 80
78°
4,000W a
i
73°
3.000W
70°
68"
2.000W
B5”
1,000W o2
&0”
i, e i
Aug 28 3:00am 6:00am 9:00am 12:00pm 3:00pm 6:00pm 9:00pm Aug 29
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Grid-interconnected PV Systems

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 1n parallel, are wired in series to produce several hundred
volts DC as mput to the inverter

The AC inverter output 1s 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 1s exported to the grid. No grid, no PV.

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




One line diagram

Modules Array includes 1 string of 12 modules in series NOTES:
m‘;ﬁ;‘n“g‘gia w:&i d1 mng ;; : 1E ;;?;fgd% Z%rrine;em (1) Placarding as required per 690.5, .14, 17, 53, 54, 64
WEEB (2) Placard at meter indicating "Photovoltaic System Connected”
(3) Service disconnects shall be grouped

(4) Minimum wire sizes based on a total system voltage drop of less than 1%

= 4W, #12 PV Wire
1W, #6 bare, EGC

| Siancion Hox ' free air, protect gray indicates existing equipment

—— 4W,#12 THWN2 Locus

= 1W, #10 THWN2, EGC Monitoring
12" or |arger conduit Enclosure INTERCONNECTION:

PVC where exterior Metallic 1 Load-side connection at Breaker in Main Service Panel
where interior -

3W, #14 or larger THWN2
1W, #14 THWN2, EGC
1/2" or larger conduit/NMC
UTILITY METER
DC DISCO 200A

30A, 600V Exterior
inverter-integrated

INVERTER _ Interior 3W, #8 or larger THWN2
Solar Edge 1W, #10 THWN2, EGC

3/4" or larger conduit/NMC
SE7600A-US-U, 7.6kW
32A, 240V, 1PH

00
0™o 8 NG
No

G ) v Ga
Existing

MAIN PANEL Grounding
Square D Electrode
225A bus
200A main

40A-2P PV Breaker

15A-2P Monitoring
Breaker
Interior

AC
DISCONNECT
separate,
lockable
60A, 240V
un-fused
Exterior

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




String Inverters

>05% efficient

SE3000A-US / SE3800A-US / SE5000A-US / SE6000A-US /
They ) GRIO IR R oo B o Vars Y A SE7600A-US / SE10000A-US / SET1400A-US
Service life expected to be
shorter than the panels — 10
year warranty 1s common

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




Micro-1nverters

* Per panel conversion to AC

* Good for shaded or multiple
facing arrays

* Per panel monitoring

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




Guidelines

Monocrystalline panels are 14-20W/sf

Annual output in KWh/Kw depends on location, orientation, and
shading — in the northeast the range 1s 1,000 — 1,400 kWh/kW/yr

Annual output from an unshaded roof or ground mounted system
1s 14-26 kWh/st/yr

A free easy-to-use online estimating tool 1s PVWATTS, which
gives a monthly estimate of kWh generated given location and
system 1nputs

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




PV Watts

=

PVWatts® Calculator

et Started: [ rarsecr | HELP

NREL's PYWatts® Calculator

Estimates the energy production and cost of energy of grid-connected

photovoltaic (PV) energy systems throughout the world. It allows homeowners,
small building owners, installers and manufacturers to easily develop estimates
of the performance of potential PV installations. -

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




PV Watts

PVWatts® Calculator :: NR EL

Get Started: HELP e

NREL's PYWatts® Calculator

Estimates the energy production and cost of energy of grid-connected
photovoltaic (PV) energy systems throughout the world. It allows homeowners,
small building owners, installers and manufacturers to easily develop estimates

of the performance of potential PV installations.

-
o o - - -

a/—///./rr - - - - - -
> . & 3 Follow @PVWatts
o e -
e - v - ’. - ; e

e & ) ce— f’.iﬂE!'_!

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

'S
PVWatts® Calculator .«NREL
02575 ALLNREL |5
My Location » Change Location S SN l M,
v
RESOURCE DATA

SOLAR RESOURCE DATA \

The recommended weather data source is initially listed below. This is usually a good choice for your location, but
you can optionally change the weather data using the map below.

Selected weather
data for your (TMY2) PROVIDENCE T F GREEN STATE AR, RI 45 mi
location

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

OR

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



PV Watts

Optionally, Select Different Weather Data

Currently, PVWatts® defaults to the closest TMY2 weather file (or international file). This will be the standard for the foreseeable
future. We also offer the TMY3 locations and a 10 km gridded data set from SolarAnywhere®. We will not be including the older 40
km gridded data from PVWatts Version 2 as the other datasets are superior. The selected weather source pin is wrapped with a blue
background. Click a different pin to select that source. If you enable SolarAnywhere® data for the continental US, then double-click

anywhere on the map to select that grid cell (it must be enabled for each location). Refer to

M

Pawtucket

ovidence

£ sé Somerset
2 S se

arrington

Warwick Fall'River

East
Greenwich

North
Kingstown

New

Bedford
Portsmouth

Aquidneck
Island

ond
Kin 3ston

Wiikefield

Newport™ — 1

estown

)

Marion

Buzzards
Bay

Pocasset

Falmouth

Vine)

HE{ 3

Nartha's
Vineyard

for more detailed information.

IEnabIe SolarAnywhere® Gridded Data

Seashore

~ 3

7
(6]

Orle

(&)

nnis
9 Barnst 3 Northwest
Harwich C!

Hyannis
Cotuit

i
and

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

Optionally, Select Different Weather Data

Currently, PVWatts® defaults to the closest TMY2 weather file (or international file). This will be the standard for the foreseeable
future. We also offer the TMY3 locations and a 10 km gridded data set from SolarAnywhere®. We will not be including the older 40
km gridded data from PVWatts Version 2 as the other datasets are superior. The selected weather source pin is wrapped with a blue
background. Click a different pin to select that source. If you enable SolarAnywhere® data for the continental US, then double-click
anywhere on the map to select that grid cell (it must be enabied for each iocation). Refer to | for more detailed information.

@ Enable SolarAnywhere® Gridded Data

el vIbMCILILVT

- Orleans
{3 Somerset BUzzards
arrington (140) Bay {6} ehls
arwick Fall'River 3 Marion ij Barnst 3 Northwest

Pocasset 1a8!
Harwich tha
East v

New
Greenwich

Bedford Cotuit

Hyannis

dorth Portsmouth

ningStOWN - quidneck ST Falmouth
Island ouzZzaras

d Kings ton Newport  —

Walk >field

Miart

town >
: Vineyard

wm
sland

ul

I click on the 1con on Martha’s
Vineyard, where I live

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




PV Watts

SOLAR RESOURCE DATA

The recommended weather data source is initially listed below. This is usually a good choice for your location, but
you can optionally change the weather data using the map below.

Selected weather
data for your (TMY3) MARTHAS VINEYARD, MA

location

Optionally, Select Different Weather Data

Currently, PVWatts® defaults to the closest TMY2 weather file (or international file). This will be the standard for the foreseeable
future. We also offer the TMY3 locations and a 10 km gridded data set from SolarAnywhere®. We will not be inciuding the older 40
km gridded data from PVWatts Version 2 as the other datasets are superior. The selected weather source pin is wrapped with a blue
background. Click a different pin to select that source. If you enable SolarAnywhere® data for the continental US, then double-click
anywhere on the map to select that grid cell (it must be enabled for each location). Refer to Help for more detailed information.

™ Enable SolarAnywhere® Gridded Data

e & R
¥ 7

( L

avidence Cod Ba &)

5 Orleal
'3 Somerset g il Buzzards

\I arnngton (140) Bay @ nnis

Warwick Fall'River 3, Marion lj Barnst| 5 -Northwest

D, set |
! Pocasset Harwich Cha

H S
Gr wich yangis

New
Bedford Sotit
North Portsmouth

gstown Aquidneck

olgoer T Falmouth
s 12zards

1d Kingston Newport

Wak 2field

Mart!

town arus
E Vineyard
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PV Watts

SYSTEM INFO

Modify the inputs below to run the simulation.

DC System Size (kW): 4

Module Type: Standard

Array Type: Fixed (open rack)
System Losses (%): 14

Tilt (deg):

Azimuth (deg):

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.

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




PV Watts

SYSTEM INFO

Modify the inputs below to run the simulation.

DC System Size (kW): 4.76

Module Type: Standard

Array Type: Fixed (roof mount)

System Losses (%): 14

Tilt (deg): 29

Azimuth (deg):

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



PV Watts

SYSTEM INFO
Modify the inputs below to run the simulation.
DC System Size (kW): 4.76 £ Draw Your System
Click below to
Module Type: Standard O customize your system
on a map. (optional)
Array Type: Fixed (roof mount) ﬁ
System Losses (%): 14 ﬂ %Lm!m
»
Tilt (deg): 29 O
Azimuth (deg): 167 &%

Click on Go to PV Watts results arrow

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



PV Watts

RESULTS 5'336 RESULTS 5,531

@ Print Results =_P Print Results

Month Solar Radiation AC Energy Month Solar Radiation AC Energy Energy Value
( kWh / m2/ day ) (kWh) (kWh / m?/ day ) (kWh) ($)

January 247 3N January 3.00 391 58
February 2.41 278 : February 3.92 455 68
March 4.00 495 March 4.75 89
April 4.09 485 1 April 5.38 95
May 4.67 : May 5.69
June 4.04 3 June 6.00
July 5.21 1 July 6.24
August 5.99 ] August 5.92
September 4.37 1 September 4.63
October 2.93 October 4.26
November 3.17 November 2.97

December i 4 December 2.51

Annual . $7 Annual 4.61

User Comments

Las Vegas

lil Download Results: Monthly | Hourly Find A Local Installer

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



Rough Si1zing Exercise

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 1s 300 sf

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

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




Year on Year Variation

1000

900

800

700

600

kWh/month 500

400

300

200

100

0
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Daily Usage vs. Generation

PV produced PV % used on site
5758 10189 12300 -4431 2111

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

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




Battery storage

Storage useful for:

Demand charge reduction

Time of day rate cost savings / arbitrage

Back-up power

“Self-generation”, especially as net metering 1s compromised
Most promising in the near term are lithtum-based batteries

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

Tesla 1s apparently shipping their product...we haven’t seen one

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




St. Croix example

&4, 19 kWh lithium iron
phosphate battery
16 3V 400Ah cells

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

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




Sonnenbatterie Ecol(

-~

10 kWh (4-16) lithium 1ron phosphate battery 7 kW inverter

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




Sonnenbatterie Ecol(

AC coupled

Programmable

Built-1n transfer switch

Can be used to increase self-
consumption

Can be used for back-up
Can be used for arbitrage

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




PV Autonomy Model

Storage capacity, kWh Heat multiplier
Depth of discharge|  0.80|  All except heat multiplier 1275 2445 4278 70%
Useful storage capacity, kWh 0 PV multiplier 1.00 3739 6128
Storage round trip efficiency 0.90
% of load |% of load
served by |[served by
PV Served Load not |Potential Used from |Imported |PV -no PV - with |PV
generated, |Total Not Heat, |directly by|served by |stored PV, |Stored PV, |Storage, |from grid, |Net Net generated
kWh used, kWh |Heat, kWh|kWh PV,kWh |PV,kWh |kWh kWh kWh kWh Metering |Metering |/ load
6139 6126, 1850| 4276 1637 4489 4052 0 0| 4489 27%)| 100%| 100%
All except |Adjusted Adjusted Potential Net use
Date/Time Net Utility |PV Use Heat heat Use PV Surplus PV |[stored PV  |after PV
12/3/2014 11:00 238 -384 146 16 130 250 384 134 120 0
12/3/2014 12:00 -179 -592 413 262 151 639 592 0 0 47

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




Add Battery Storage

Storage capacity, kWh Heat multiplier
Depth of discharge All except heat multiplier
Useful storage capacity, kWh PV multiplier

Storage round trip efficiency 0.90

% of load |% of load
served by
Potential Used from Imported PV -no PV - with |PV
Not Heat, Net
Heat, kWh|kWh PV,kWh |PV,kWh |kWh Metering |/ load

0% 100%

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




Varying Storage and PV Size

80%

70%

60%

50%

40%

30%

20%

10%

0%

22%

0.00

0.12

0.24

0.36

% of Annual Load Served Onsite by PV + Batteries

.s.y:ﬂ;{;"wpamn% 2%
PV output / Annual load = 150% s — 73%
e 71%
Md;,._‘w"‘ 70%
P 68% o —2 — — —a
s 65% 66% 655 o e
PV output / Annual load = 100%
PV output / Annual load = 50%
4:% 47.% 4;% 47% 47% 47% a47% 47%
_kWh Useful Battery Storage / kWh Average Daily Consumption _
0.48 0.60 0.71 0.83 0.95 1.07 1.19 1.31 1.43
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Varying Heat Load

100%
% of Annual Load Served Onsite by PV + Batteries vs. % Heat Load
95%
94%
Useful Battery Storage / Average Daily Consumption; PV Output / Annual Base Case Load
=0.71/1.00
90% «0.71/150
1.43/100 A 8%
=+1.43/150
85%
» 83%
80%
75%
70%
7e7%
67%
65%
¥ 63%
Heat Load as a % of Total Base Case Annual Load
60%
30.0% 22.5% 15.0% 7.5% 0.0%
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Emissions

New England eGrid value for CO2 emissions 1s 0.578 1b/kWh
Getting 6,128 kWh from the grid = 3,542 lbs/year CO2

A Honda generator = +/- V4 gallon gasoline/kWh (25% load)
This makes 4.9 1bs/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

Marc Rosenbaum, PE — South Mountain Cornpany -- Martha’s Viaeyaid, MA




Case Study - Kern Center
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Hampshire College Bruner Cott Wright Builders




Case Study - Kern Center

DG-700 Pressure & Flow Gauge | |

DEVICE CONFIG

MODE TIME AVG

DEVICE UNITS
farget

0.046 CFM50/st; 0.060 CEM75/st of enclosure




Case Study - Kern Center
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Case Study - Kern Center
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Case Study - Kern Center
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Case Study - Kern Center

12 MONTH ENER ( 0161
Measured Energy Use: 116,254 KWh . V'."TAL For

Measured Energy Generated: 138,648 kWh | MEASURED VALUE
Measured Energy Use Intensity: 23.33 kBTU/sf/yr SOLAR TOTAL I

GENERATION e ODELE
Predicted Energy Use Intensity:  23.20 kBTU/sf/yr MODELED USE

“V DATA I
Y DATA
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Case Study - West Tisbury Art Barn
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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 CFM50/1t2 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 oft-
grid inverters with battery banks

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




Solar Electricity

7




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
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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




Daylighting
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Daylighting
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Thank You!

Marc Rosenbaum, P.E.
South Mountain Company
West Tisbury, MA
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