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at Ithaca from the June-July 2012 issue
of Home Power Magazine.

A MULTIFAMILY PV PROJECT
Story & photos
by Jeff Gilmore

If you live in one of the 5 million housing
units that are in multifamily condominiums
or cooperatives, you may have dreamed
about installing a PV system, but couldn’t
figure out how to make it work. My co-op
neighborhood in Ithaca, New York, was
recently able to make this dream a reality.
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at Ecovillage at Ithaca

#HALLENGES
If this can be overcome, the remaining challenges are how
There are many benefits to living cooperatively or in a
to
pay
for the system; how to meter and divide the output;
condominium, but the ease of installing a solar-electric system
and
getting
approval from utilities, planning departments,
is not one of them. The first problem is that you don’t own the
rebate
providers,
and other agencies. Oh yeah, and you have
roof and walls—so a PV installation requires permission from
to
get
everyone
in
your neighborhood to agree to all of this.
your neighbors and the homeowners’ board. In addition,
Daunting?
Yes.
Achievable? Definitely! My community,
there are wiring, metering, utility connections, and aesthetic
Ecovillage
at
Ithaca
(EVI) in Ithaca, New York, successfully
considerations that come into play. For example, your electrical
navigated
these
obstacles
and constructed a 50 kW gridservice connection may be located some distance away from
tied
PV
system
that
was
financed
with local capital and
your unit, you may need access to a neighbor’s roof or attic
is
expected
to
meet
more
than
half
of our community’s
for attaching modules or routing wiring , or you may find that
electricity
needs.
some of your neighbors don’t share your delight in seeing
solar collectors gleaming on the roof.
An alternative is to expand the PV
project into a neighborhood effort. In this
One of the design elements of the Ecovillage was the creation of a car-free zone
between the rows of townhouses.
scenario, the condo association or co-op
owns the system, and the system benefits
all of the residents. That solves a few
problems, but brings up several more.
One of the thorny problems is
the way most utilities implement
net metering. Usually a utility will
allow you to hook up a PV system
only to your own utility connection.
Under an annualized net-metering
agreement, the utility credits your
household only for PV production
up to your total usage for that year.
Usually, any surplus generation is
given to the utility for free or at a low
wholesale rate. Since the homes in
most multifamily neighborhoods are
individually metered, this necessitates
having many small PV systems (one
per unit), rather than one large, more
efficient, cost-effective system.
homepower.com
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"ACKGROUND
EVI is a community of 60 energyefficient homes in two distinct
neighborhoods (soon to be three)
clustered in the center of a 176-acre
parcel on the outskirts of town. My
neighborhood, built in 1997, has 30
compact townhouses and was designed
according to cohousing principles:
Homes face onto a meandering, carfree central corridor and share access
to a large common house that provides
space for community gatherings and
meals, playrooms, laundry facilities,
and offices. The average townhouse is
1,225 square feet, and up to 40% more
energy efficient than typical homes in
the area due to extensive insulation and
sealing, triple-pane windows, a shared
hydronic heating system, and passive
solar design.
In tune with ecological design,
The common house’s south-facing roof already showcased a 6 kW PV system.
residents were very interested in
adding PV systems to the townhouses
when they were originally built. At
that time, though, it was prohibitively expensive and there
Revisiting our desire for solar electricity began with a bit
were few incentive programs to help out. For many years
of friendly conflict among neighbors. My wife Kristen and
after, residents discussed adding solar-electric systems, but
I, feeling frustrated by the lack of progress implementing
couldn’t find an approach that addressed all the challenges in
renewable energy in our community, wanted to install a
a cost-effective way. In 2010, that changed, partly because we
small solar heating system on the roof of our unit. When we
devised a new approach.
asked for permission, several neighbors objected, citing the
long-standing desire to use our shared roofs to implement a
comprehensive PV strategy.
Feeling grumpy about the roadblock, I set out to
demonstrate why such a PV system was impractical on our
difficult roofs. As I was trying to prove this, it occurred to me
Ecovillage
that we didn’t need to use the roofs—we could ground-mount
System Costs
the PV system.
Item
Cost
I quickly switched gears and roughed out a possible
PV system
$232,416
design for a 50 kW array located a few hundred feet from
Metering system changes
18,871
the neighborhood. Some initial calculations of costs and
available rebates and tax credits, as well as some ideas about
Site prep, drainage, etc.
9,257
financing, made it seem feasible. So I started meeting with
Construction financing
7,385
other residents to get their feedback. Enthusiasm for the idea
Land easement
5,000
ran high, and the group quickly agreed on some core goals:
Protective fencing

3,000

Misc. expenses

1,983

System design

800
$278,712

s Monthly electricity costs should remain similar to existing
utility charges;

NYSERDA rebate

$90,160

s Residents are not required to contribute up-front capital;

Federal tax credits

51,355

State tax credits

42,796

s The system should be big enough to be worth doing, but
small enough to manage.

Total Cost
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s All residents should benefit equally from the system;

Total Incentives

$184,311

Net Cost

$94,401

We assembled a small project team, requested a small
amount of seed money from the co-op board, and got busy.
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Making Tax
Credits Work

Ground-mounting away from the village allows the PV arrays to receive full sunlight and
allows each home in the Ecovillage to receive equal portions of credit for the energy.

&IGURING /UT THE &INANCING
We needed to get an accurate cost estimate, so I contacted my
neighbor Tony Henderson, who has spent the last few years
managing large PV projects around the Northeast. Tony was
able to quickly validate and improve my design, and gave us
an estimate of about $6 per watt, or $300,000, for the system.
The DSIRE website (see Access) provided information on
available rebates and tax credits, and we determined a final
out-of-pocket cost of about $100,000.
With that estimate in hand, we started working out how
to pay for it. We decided that it made sense for the co-op
to own the system and that it should borrow the money.
We doubted we would find a bank that would lend the co-

Tax credits are important elements
to help make PV systems more
affordable, but taking advantage
of them can be tricky for co-ops
and condominium associations,
which don’t typically owe a lot of
income tax. Fortunately, tax credits
can be passed on to residents to
reduce their personal taxes. To
do this, the association assigns in
writing a proportional share of the
PV system’s cost. The residents
claim the credits when they file
their tax returns, and then the coop collects the amount of the tax
savings from the residents. Issuing
letters and collecting funds can be
cumbersome, but can save up to
30% on federal taxes, and more if
your state also has tax credits. Work
with a qualified tax professional to
ensure compliance with the law.

op money for such a project, so we proposed borrowing it
directly from individuals in the community.
With banks paying interest rates of 2% or less, some
neighbors were open to lending if the co-op could pay a higher
rate. We ran the numbers at an interest rate of 5% and a loan
period of 20 years to calculate the monthly payment— the
amount we would need to raise each month. To meet the goal
of keeping monthly electricity costs similar to what residents
were currently paying, that meant that the PV system would
need to generate savings equal to the loan payment.
We used PVWatts to estimate the system’s annual output
and gathered up a year’s worth of utility bills to estimate our
neighborhood electricity usage in dollars and kWh. The PV

Tricky roofs and lack of individual
ownership can complicate adding a PV
system to multifamily buildings.

homepower.com
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Tech Specs
/VERVIEW
System type: Batteryless, grid-tied solar-electric
Location: Ithaca, New York
Solar resource: 4.2 average daily peak sun-hours
Record low temperature: -25°F
Average high temperature: 80°F
Average monthly production: 59,464 AC kWh

system would generate about 55% of all the electricity used.
By examining the average residential electricity rate, we
determined the approximate dollar value of the PV-generated
electricity. If residents continued to pay the same amount as
their current monthly electricity bills, the PV system would
generate enough income to pay the loans. In fact, the loan
period was adjusted to 15 years, instead of 20.

-ETERING
With a financing plan in hand, the next challenge was
net metering. The co-op would only receive credit for PV
electricity that offset the annual usage of one utility meter,
and we had 30 separate meters. We needed to find a way to
combine the meters into fewer separate utility connections.
New York State has well-established procedures to allow
the conversion of individual meters to master meters in
multifamily dwellings. By following the procedures, we were
able within a few months to get our local utility to agree to the
conversion. We reduced from 30 separate meters to four—one
for each quadrant of the neighborhood.

The EKM meters monitor the electricity
consumption of each residence.

82

Utility electricity offset annually: 55%

0HOTOVOLTAIC 3YSTEM #OMPONENTS
Modules: 224 Trina TSM-230PA05, 230 W STC, 29.8 Vmp,
7.72 Imp, 37.0 Voc, 8.26 Isc
Array: Four subarrays of two 13-module series strings (387
Vmp, 7.72 A Imp, 481 Voc, 8.26 Isc) and three 10-module
series strings (298 Vmp, 7.72 A Imp, 370 Voc, 8.26 Isc) for
12.9 kW STC per subarray
Array combiner box: Crouse-Hinds CCBF03 with 15 A
fuses
Array installation: RBI Solar mounts installed on southfacing ground mount, 30° tilt
Inverter: Eight Sunny Boy SB6000US, 6,000 kW rated
output, 600 VDC maximum input, 250-480 VDC MPPT
operating range, 240 VAC output
System performance metering: EKM Metering Omnimeter I;
Centron CL200 glass meter

One of two power walls, which include performance metering, disconnects, the
inverters, and the members’ consumption meters.
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PV Array #1-2:
13 Trina TSM-230PA05, 230 W,
wired for 2,990 W at 387.4 VDC

PV Array #3-5:
10 Trina TSM-230PA05,
230 W, wired for 2,300 W
at 298 VDC

Inverters (2):
Sunny Boy 6000, 6.0 kW,
600 VDC max input,
250-480 VDC MPPT range,
240 VAC output

Fuses:
15 A
Combiner
Box:
Crouse-Hinds
CCBF03

120/240 VAC
To/From Utility

kWh Meter:
Utility,
bidirectional

PV Service
Disconnect

Supply-Side
Connection

Ground Rod
G

N H1 H2 G

G

Main Service
Disconnect:
400 A

N H1 H2 G

ECOVILLAGE
GRID-TIED
PV SYSTEM

PV kWh
Meter
Breakers:
40 A

Breakers:
80 A
Ground
Rod

123

123

123

123

123

123

123

123

123

123

Residence
Load Panel:
To 120/240
VAC load circuits

120/240
VAC To
Individual
Residence
Load
Panels

EKM Submeters: From each residential supply circuit,
the PV output, and the utility input
to Ecovillage metering website
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Changes to Public
PV Policy
Some of the challenge of implementing multifamily PV
systems relates to outmoded or overly restrictive policies
by utilities and public service commissions. Two programs
could help overcome some of these challenges.
Community net metering—Some locales allow “virtual netmetering” in which a utility customer buys a certain number
of PV modules in a large array located somewhere offsite, and the utility tracks the PV production and subtracts
the energy from the customer’s utility bill. It is a simple
accounting transaction—no physical connection to the home
is required. (See “Growing Solar in Your Community” in
HP143.)
The second power wall. Each power wall holds the inverters for
two of the neighborhood quadrants, with one set of AC outputs
going underground to feed the remote quadrant.

Moving to master metering meant that the co-op would
be responsible for metering and billing of residents, which
required installing new submetering equipment. Our initial
equipment survey was disappointing—most products we
found were expensive and lacked key features. We wanted
“smart meters” that would interface with our internal
Internet-connected network that allows either wide or localonly access as we see fit. So far, we have chosen to make
display data available only internally, but we could make it
accessible to the outside world if residents feel comfortable
about making their usage info public.
Most products with these capabilities work only with
proprietary software and required significant monthly
fees. Other smart meters are more suited to individual
homeowners and not designed to be centrally installed and
managed. Luckily, we found EKM Metering of Santa Cruz,
California, which approached smart meters more like a
computer startup company and less like a utility, creating
inexpensive products that act as flexible building blocks to
be “mashed-up” in various ways, rather than creating rigid
systems that lock a customer into using only the capabilities
provided by one vendor.
We were able to create a cost-effective smart-metering
system with no monthly fees. Besides the basic meter reading,
we developed software for graphical display of real-time power
usage for individual homes as well as aggregate displays of
use, PV generation, and purchased energy for each group of
townhouses and the whole neighborhood. We are considering
making this available for free as open-source software.
With the overall plan in place, we now had to get official
approval from our 30 households to commit to the project. In
our neighborhood, this happens through monthly meetings
open to all residents, with decisions made by consensus
after lots of discussion. Our group was challenged to explain
the details of a complex project and answer many probing
questions.
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Feed-in tariff—This is the simplest of all. With a feedin tariff, the utility is required by law to purchase all PVproduced electricity at retail or higher prices. The price
premium paid to producers is funded by a small surcharge
on nonrenewable energy usage. Using this approach,
many countries, notably Germany and Japan, have grown
their solar capacity immensely, and have provided green
investment opportunities for millions of their citizens. In our
case, we would have simply hooked up the system to the
utility at the nearest location, and sold the power, crediting
the money to residents to offset their utility bills.
Improved utility tariffs—Most states define a variety of
tariffs or “service classifications” that define rates for different
classes of power users. The structure of available tariffs can
have an impact on community PV projects. For example, New
York state does not have a tariff for multifamily residential
service, so master-metered neighborhoods must use
commercial tariffs, which tend to cost more. New York also
lacks any applicable time-of-use or peak/off-peak tariff, so
residents cannot take economic advantage of the fact that PV
produces the most power during the time of day when utilities
in other states are paying premium prices per kWh.

The Sunny
WebBox is the
communications
hub between the
inverter data and
the Internet, so that
users have online
access to monitor
the PV system
remotely.
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The system consists of four subarrays of 56 Trina 230-watt
modules. Each subarray is connected to a pair of Sunny Boy
SB6000US grid-tied inverters. The array, about 200 feet from
the nearest building, required trenching across backyards of
the residences for more than 500 feet. We located the inverters
at the residence-end of the trenches rather than near the array,
sending the higher-voltage DC over the long conductors to
reduce voltage drop.
We experienced a few big delays, particularly related
to the foundation holes, rocks, and a couple of passing
hurricanes, but were still able to meet our end-of-year
deadline. The system came online on December 29, 2011.

!FTER #ONSTRUCTION
SMA’s Sunny Portal is the online interface that users navigate to
check PV system status and production data for each inverter.

By the end, it was clear that some aspects of the project,
such as exact design requirements and pricing from the utility
for master meter installations, utility tariffs, and extraneous
permits, could only be confirmed as the project moved
through the process. We were frank with residents about
these uncertainties. The project was approved unanimously
in April 2011.

)MPLEMENTATION
With approval in hand, the focus switched to Tony Henderson
and his crew at Hayes Electric to get things rolling. Tony
worked with us to obtain approvals for a zoning variance,
building and electrical permits, and our application for
PV rebates from NYSERDA (New York’s state agency that
manages RE rebates). By the end of June, we were ready to
break ground.

With the array complete and our new metering system in
place, we set up the billing system. Previously, our residents
all were billed at a residential rate, but by combining meters,
our only option was to convert our account to commercial.
We negotiated the service rate classification for the new
master meters with the utility and we got the state public
service commission involved as well. We contended that since
the load was still all residential usage that we should be able
to retain a residential (nondemand charge) tariff. However,
New York’s PSC regulations do not include a multifamiliy
residential tariff (nor any time-of-use classes, except for large
industrial customers), so we ended up on “SC2,” a basic
commercial tariff with demand charges.
This was not a big price difference, but it did require
paying an additional monthly fee known as a demand
charge, which reflects how quickly you draw power from
the grid, in addition to how much you draw. It’s as if you
were charged for how hard you stomped on your car’s
gas pedal in addition to having to pay for the gas you use.
In our case, demand charge is measured as the highestdrawing 15-minute period during the billing period on

This graph shows the PV generation,
electricity purchased, and electricity
consumed by one group of townhouses.
When the green line drops below zero, it
means the system is producing beyond
usage, selling electricity to the grid.
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Residents celebrate the new 50 kW PV system.

each of the four master meters. For example, in January and
February 2012, the highest demand was 61 kW across all
four quadrants, and at a fee of $8.13 per kW the total charge
was about $495. The overall bill for that period (including
demand) was $1,327. Despite that big demand charge, it
turned out that because some other charges (such as the
delivery fee) are cheaper on the SC2 tariff, it only cost about
4% more. And we could have dropped that even lower had
we done a better job managing our demand.
That gave us an economic incentive to minimize avoidable
energy use during times of peak simultaneous usage, such
as during normal meal times. Our smart-metering system
gives residents the tools to examine their use and consider
rescheduling things like dishwasher loads to be outside of
the peak periods. Residents have been changing their energy
habits, and even initiated discussion groups to share energysaving strategies, such as using pressure cookers and slow
cookers to decrease electric stove use.
Calculating monthly bills turned out to be more complex
than we originally anticipated. Utility bills contain a
bewildering number of separate charges, and we wanted to
ensure that costs were being passed on fairly for both light
and heavy electricity users. Our solution was to classify each
of the various charges on the utility bill into categories of
fixed, per-kWh, and demand charges, and apportion them
to residents. Once these ratios/percentages were figured,
we built a spreadsheet to automatically calculate charges for
individual households.
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The electricity generated by the PV system is divided
evenly among the 30 households, giving each a kWh credit.
This provides a target to see how close each household can
get to “net zero” electricity usage. For the energy-thriftiest
households, that sometimes results in having no monthly
charge for electricity.

,ESSONS ,EARNED
The most important thing we learned from this project is the
value of steadiness—to neither rush nor allow ourselves to be
deterred. At every point, there were obstacles, surprises, and
things we didn’t know how to do. Cultivating an attitude of
relaxed determination kept us on track, and made the project
satisfying.
We also became acutely aware of the ways public policy
can impact the development of renewable energy. While our
project was helped immensely by the generous incentives from
state and federal agencies, we also had a lot of complications
that would be unnecessary with some common-sense changes
to law and regulatory policy.
For example, our array was actually situated only 50
feet from our site’s main utility feed. It would have been
convenient and cost-effective to connect the array there, if
we could have gotten a fair price for the power produced.
Instead, since the only way to get a good price for PV power
is to do net metering against a load served by a single utility
meter, we had to trench more than 500 feet and rework
our entire metering system. That added complexity to our
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project and up to 30% of its cost. A few simple policy changes
could greatly facilitate the expansion of PV deployment (see
“Changes to Public PV Policy” sidebar).

"ENEFITS
This project has many benefits for our community. The
system has been paying for itself from day one. For the 15year life of the loan, our neighborhood gets more than 50% of
our electricity from a local, carbon-free source at utility rates.
After the loan is paid, our utility bills will drop by more than
half for the system’s lifetime. At no point will we pay extra
for having a PV system. In addition, the interest from the
loans remains among neighbors, helping community families
rather than disappearing into the corporate financial system.
Our residents also have new tools to monitor electricity
use, which numerous studies have shown can lead to energy
savings approaching 10%. We can also track changes over
time, allowing us to evaluate the effects of investments in
more-efficient appliances and lighting, or behavioral changes.
There are also less tangible benefits. We learned that
everyday people can come together to respond in an active
way to the problems of living on a finite planet. We don’t
have to wait for others to provide solutions.
Now, when the sun shines, we feel something more than
its warmth on our faces. We’re also aware that it’s powering
our homes, cooking our food, running our computers, and

even spreading over the grid to feed clean energy to others,
while putting a little change in our pockets. By tapping the
sun’s ongoing daily flow, rather than further drawing down
nonrenewable stores, it feels like we’re on a more robust path
than before. And that may be the biggest benefit of all.

!CCESS
Jeff Gilmore (jeff@thegilmores.net) is a former computer engineer with
a long-time interest in renewable energy and community projects. He
currently helps manage a variety of technology projects at Ecovillage at
Ithaca, where he lives with his wife and three sons.
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