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My wife Teresa and I had talked for some time about 
moving to the country, and in late 2011 we started 
getting serious about it. But we were not going to 

move to just “anywhere” in the country. I wanted some land 
where I could hunt and practice with my firearms, since I 
am an avid hunter and enjoy competing in local shooting 
matches. Teresa was interested in raising farm animals and 
keeping honeybees—and not having a neighbor right next 
door. We used the Internet to search for properties and 
contacted a real estate agent to assist us.

After months of searching, a couple of things became apparent. 
The first was that locals here in the southern tier of New York, 
near the Pennsylvania border, believe there is natural gas under 
their land and wanted top dollar—or would not give up their 

mineral rights. The second thing was that it was going to take a 
bit of luck to find a property where everything we wanted would 
meet what we could afford.

Prime Property?
When our home came up on the radar, we knew it had what we 
were looking for and it was a great deal, but it was a little farther 
away from work than we wanted. On the 60-acre property was 
a six-bedroom home with a large separate workshop/store, two 
big barns, a cabin in the woods, and a sizable pond. An additional 
100 acres were also available. We had looked at properties with 
less land and smaller houses with no outbuildings that were 
double this property’s asking price. The description in the real 
estate listing was a little vague and seemed too good to be true.
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with Ian Woofenden

An Educated Move
Off-Grid



57homepower.com

off-grid living

After talking to the agent, it became immediately clear 
why the property was priced so low. The house belonged to 
and was built by an Amish family—there was no electricity in 
the house and no indoor plumbing. We made arrangements 
to see the place, located in rural Steuben County, southern 
New York, during one of the only snowstorms in the winter 
of 2011. Perched atop a hill, the house and property sit in a 
windy area, near several wind farms.

Away From the Rat Race
We met the family and toured the house and some of the 
property. The home was beautiful and the land was exactly what 
we were looking for, but there were no modern conveniences. 
Instead, there was a hand pump for water, an outhouse, and 
no central heat. There was a Hitzer gravity-fed coal heater and 
a wood-burning cookstove. When we left that day, we were 
pretty sure that it wasn’t the place for us, although we were 
completely intrigued by the Amish lifestyle. 

But the more we talked and thought about it, the more 
the idea of getting away from the “rat race” appealed to us. 
Our kids had been spending most of their time watching 
TV, playing video games, or surfing the ‘Net. Teresa and I 
were no better, with a lot of our free time being wasted in 
front of the computer or TV. So we talked to the kids and, 
surprisingly, they were all for it. 

I could write another article about the hurdles we 
encountered getting financing and insurance on a home 
with no electricity, no plumbing, and no central heat, but the 
important part is that we decided to buy this home and land. 
We put in a purchase offer with a couple of contingencies in 
case we ran into problems and needed an out. The seed for 
living off-grid was planted.

Comment
Discuss
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New meets old: A high-tech off-grid 
system now provides electricity for 
this twentieth-century farmhouse. 
Originally built by an Amish family, 
it was formerly electricity- and 
plumbing-free.
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Going to RE School
We wanted to have electricity, and I learned a lot from online 
searching. The first advice I got (from many sources) was 
“Don’t do it—If you can, connect to the grid!” The per-kilowatt-
hour cost of utility-provided electricity is often much lower 
than the per kWh cost of making your own off-grid electricity 
and the payback is very long—so I looked into extending the 
grid to our house. But our experience with the utility was not 
encouraging, and the cost and red tape were beyond our means 
and patience. The grid ended 0.5 mile in either direction from 
our home. On the southern side, we would need to obtain 
permission from one neighbor and we would need to remove 
(or have removed) all of the trees that were within 30 feet of 
the road. The estimate from the electric company was $50,000 
to $75,000 for setting the poles and lines. Coming in from the 
north, there were two neighbors who we would need to get 
permission from, but most of the land coming from that side 
was open field. The electric company estimated the cost to be 
$35,000 to $45,000 to run the lines and poles there. We actually 
considered this option but unfortunately (or fortunately) 
neither of the neighbors was willing to grant us permission. 
And both cost estimates were minimums and we were warned 
that it could be much more. So I was relieved when we finally 
made the decision to keep the home off-grid. 

System Design
Before we designed the off-grid system, we set a rough budget 
for the house, with two major considerations: We needed to 
wire the house so that we could use whatever electricity our 
system would make and we needed a septic system so that we 
could have indoor plumbing.

Early in the process, I decided on a solar-only system. 
There was no hydropower source on the property, and while 
wind electricity is widely used in the area, I just didn’t have 
the funds to do a hybrid system, nor did I want to go with just 
a wind system. Once I focused on a solar-only system, I began 
the critical process of sizing it.

We used about 1,000 kWh per month at our grid-tied home. 
That works out to be about 33 kWh of electricity a day used (or, 
mostly, wasted). I had never examined our electricity usage 
before. All I saw and complained about was the monthly bill.

Defining the Load
The first step in system design is to figure out how many 
kWh a day are needed. That seems simple enough, but it is 
very difficult to arrive at an accurate number. I bought a Kill 
A Watt meter and measured the energy use of the toaster, 
computer, TV, dryer, washing machine, and everything else 
in our existing house that plugged into a 120 VAC outlet. I 
recorded all of the watts and watt-hours used for everything 
in the house on a spreadsheet.

Some of our appliances were very energy-efficient and 
other older ones were energy hogs. But knowing how much 
energy everything used was crucial. Next, I needed to 
estimate how many kWh we would need per day in our new 
house. That sounds easy, but it is also quite difficult. How 
many lights would we use during the evenings and how long 
would they be on? The same question applied to everything 

electrical in the house. Going off-grid forces you to be very 
aware of how you use your energy.

The trick to off-grid living is conservation and efficiency. 
After looking at many different scenarios, I came up with 
an estimated minimum of 6 kWh per day. After getting real 
data from our appliances and deciding that we would be able 
to change some of our electrical usage habits, I targeted a 3 to 4 
kW system. (Since the system was installed, we’ve loosened our 
conservation belts a little this summer and have used as much as 
6 to 7 kWh per day on a couple of occasions.)

Once your average daily electricity use is estimated, the 
size of the battery bank can be calculated, based on a specific 
depth of discharge and the number of days of autonomy (no 
sun) you expect.

Battery Sizing
Since the solar energy is stored in a battery bank, its capacity 
has to be enough to provide the energy you need without 
overdischarging your batteries. The battery bank feeds the 
inverter that converts the DC to AC electricity used by 
standard household appliances.

Energy-efficient appliances play a critical role in reducing the 
electrical loads in an off-grid system.
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Determining the size of your array 
and battery bank is a bit of a balancing 
act. An array that’s too small will 
struggle to keep your batteries charged. 
An array that’s too large will cost 
more up-front. I gathered all my data, 
calculations, and best guesses and came 
up with a target system: a 48-volt, 400- 
to 600-amp-hour battery bank and a 3 
kW solar-electric array.

We knew that heating anything 
significant with electricity was going to 
be too big a burden on our PV system. 
We kept the two Hitzer gravity-fed coal 
stoves, and decided to use propane for 
backup space heating, water heating, 
cooking, drying clothes, and to run the 
backup generator. But we would be 
reducing our electricity usage by nearly 
80%—going from 33 kWh a day to 
relying on a system that in the depths of 

winter would produce only 6 to 7 kWh. Our grid-tied house 
used natural gas for space heating, water heating, and clothes 
drying. We had a very large chest freezer, electric convection 
oven, two refrigerators, five TVs, three DVR/cable boxes, a 
large gaming computer, two printers (one inkjet; one laser), 
incandescent lights, and a bevy of other little electronics. A 
pellet stove ran 24/7 all winter. Everything was plugged in 
and powered most all times. Every night, there were fans and 
other electronics running. I made some drastic assumptions to 
reduce our electricity usage. That worried me. What if I had 
made a wrong calculation? And what if I could not install the 
system in time for our first winter? With those fears, I decided 
to hire a professional to help design and install our system.

Going with a Pro
I contacted several different NABCEP-certified solar installers. 
I had a good idea of what the complete system would look 
like and what equipment was available, so this was kind of a 
test for the two I sought bids from. 

I hired Four Winds Renewable Energy (FWRE) out of 
Arkport, New York, which was only a few minutes’ drive 
from our property. Not only had owner/installer Roy 
Butler been installing off-grid PV systems for decades, 
but he also lived off-grid. After Roy did a site survey, we 
took his proposal and tweaked it a little bit to arrive at our 
system design: a 4 kW PV system with a 740 Ah battery 
bank and a 6 kW backup generator. FWRE would order and 
install the equipment (see the cost table) for about $30,000. 
New York state does not offer any rebates or tax incentives 
for off-grid systems, although we did qualify for the 30% 
federal tax credit.

Estimated System Loads

Item Qty. Watts
Hrs. / 
Day

Days / 
Wk.

Avg. 
Daily 
Wh

Fridge 1 114 10 7 1,140

TV 1 300 3 7 900

Fans 2 36 9 7 648

Microwave 1 1,200 0.5 7 600

Laptop 2 78 2 7 312

Computer 1 228 2 4 261

White noise machine 3 9 9 7 243

Toaster 1 960 0.25 7 240

Vacuum cleaner 1 1,380 1 1 197

Gaming console 1 216 2 3 185

Compact fluorescent 
lighting 2 30 3 7 180

Clock radio 2 3 24 7 144

Compact fluorescent 
lighting 3 16 3 7 144

Clothes dryer (propane) 1 312 3 1 134

TV 1 60 2 7 120

Hair dryer 1 1,200 0.08 6 82

Washing machine 1 180 3 1 77

Night light 1 8 9 7 72

Ventilator 1 7 9 7 63

Various chargers 3 8 3 5 51

Small tabletop fan 1 59 4 1 34

Total 5,827

Two 48 V strings of Trojan L-16-RE batteries provide energy storage 
for the McDermott home.
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Site Prep & Installation
To keep costs down, I took responsibility for hiring an 
excavator for the pole holes and the wiring trenches, 
repairing the yard after the trenching was finished, 
preparing the basement wall for mounting the balance-of-
system components, and the rough AC wiring between 
the generator and the inverter. I was also responsible for 
selecting and installing the generator and its fuel supply—a 
propane Generac 6 kW EcoGen, which is the only generator 
designed and warranted for off-grid use with a renewable 
energy system.

We started the installation the first week of September. 
It probably would have taken less time to install if I hadn’t 
been there, but it was important to me to watch and learn 
as much as I could about the installation and how all of the 
components worked together.

Setting the two 6-inch, 21-foot-long steel poles for the 
pole-mounted system was a critical step. They had to be 
lifted into place with the backhoe and set in 24-inch, 6-foot-
long concrete form tubes. Since the arrays presented a large 
surface area for wind loads, plenty of ballast was needed to 
keep them in place.

While the concrete was curing around the poles, we 
installed the BOS equipment. The inverter, charge controllers, 
battery box, and batteries were all wired, connections torqued, 
and parts labeled.

Tech Specs
Overview
System type: Battery-based, off-grid solar-electric

System location: Prattsburgh, New York 

Solar resource: 4.2 average daily peak sun-hours

Daily production (ave.): Fewer than 3 kWh (winter); 3 to 5 
kWh (spring); 9 to 10 kWh (summer)

Photovoltaics
Modules: 16, SolarWorld Sunmodule Plus SW 255, 255 W 
STC, 31.1 Vmp, 37.8 Voc, 8.15 A Imp, 8.66 A Isc 

Array: Four, four-module series strings, 4,080 W STC total; 
each string: 125.6 Vmp, 151.2 Voc

Array combiner box: MidNite Solar MNPV 12-250 with 15 A 
breakers

Array disconnect: Two 60 A breakers

Array installation: Two DP&W adjustable tilt top-of-pole 
mounts

Energy Storage
Batteries: 16 Trojan L16-RE series, 6 VDC nominal, 370 Ah 
at 20-hour rate, (flooded lead-acid)

Battery bank: 48 VDC nominal, 740 Ah total; 35,520 Wh

Battery/inverter disconnect: 175 A breaker

Battery monitors: OutBack FNDC

Balance of System
Charge controllers: Two MidNite Solar Classic 200, 65 A, 
MPPT, 200 VDC nominal input voltage, 48 VDC nominal 
output voltage

Inverter: OutBack VFX3648, 48 VDC nominal input, 120 
VAC output; MidNite Solar 175 E-Panel

System performance metering: OutBack MATE & HUB4

The balance-of-system 
components include an 
OutBack inverter and 
two MidNite Solar charge 
controllers.

The Generac 
EcoGen 6 kW 

propane generator 
is designed and 

warranted for off-
grid use with an RE 

system.
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Backup Generator:
Generac 6 kW EcoGen
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AC In:
50 A

CC Out:
90 A

CC In:
60 A

Bypass:
50 A

PV 
Combiner:

MidNite 
Solar 
MNPV 

12-250; 
15 A 

breakers

Charge Controllers:
Two MidNite Solar Classic 200, 

MPPT, 200 VDC input, 
48 VDC output

Charge Controller ShuntBattery 
Shunt

Breaker:
60 A

Batteries: 
16 Trojan L16-RE, 
flooded lead-acid, 

370 Ah each at 6 VDC; 
wired in two series strings 

of eight batteries each, 
for 740 Ah total at 48 VDC 

Note: All numbers are rated, 
manufacturers’ specifications, 

or nominal unless otherwise specified.
Some sensors, surge protection, and equipment 

grounding omitted or simplified for clarity.

Inverter: 
OutBack VFX3648, 

48 VDC input, 
3,600 W 

at 120 VAC output

Power Panel: 
MidNite E-Panel

Photovoltaics: 
16 SolarWorld Sunmodule 

Plus SW255, 255 W each at 
31.4 VDC, wired in four 

series strings 
of four modules each 

for 4,080 W total
at 125.6 VDC

PV Racks: 
Two DP&W top-of-pole mounts

System Monitoring: 
OutBack FLEXnet DC, 

HUB, and MATE2 

AC 
Out:
Buss

Hot 
Out

Hot 
In

McDermott Off-Grid PV System
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Strong, Silent Energy
A couple of days later, the first array was installed and 
was charging the batteries. Our new system sounded like 
nothing—it was dead silent. No generator noise, just a 
dull hum from the battery box fan. A day or two later, 
the second array was online. The backup generator was 
delivered, and we installed that and wired it into the 
system for those stretches of little to no sun, and for enough 
energy to occasionally equalize the batteries (an intentional 
overcharging of the battery bank to remove imbalances 
between individual batteries).

The first thing we did was plug in our refrigerator. It’s 
funny how some things get taken for granted, like having a 
refrigerator instead of buying ice every day and living out 
of an ice chest, as we did before installing the PV system. I 
remember my wife saying that if all we could ever supply 
electricity to was the refrigerator, it would be OK with her.

By the last week in September, our new system 
was complete. There was still much to learn and do—
understanding the technical and practical details of a whole 
new electrical supply system, tweaking the charge parameters 
to properly charge the batteries, and reminding the kids to 
turn off the lights! I pay special attention to the batteries, since 
they are the heart of the system and its most vulnerable part. 
To date, there have not been any major issues or problems. 
The array tilt was adjusted to an optimum angle for the 
winter and left there. I adjusted the array for the summer 
angle on April 1, and will readjust it again this fall.

Much of the 21-foot lengths of the 
mounting poles are encased in concrete 
to handle the wind loads on the large 
arrays.

Embracing Off-Grid Living
Our system is well-balanced, and our family is well-matched 
to it. I ran the generator only a handful of times last winter, 
and only when the batteries were in the 70% state of charge 
(SOC) range. On the weekdays, we typically use between 2 
and 3 kWh. On weekend days, our use climbs to 4 or 5 kWh. 
However, since last winter was our first winter with the 
system, we were very conservative with our usage.  But none 
of us feel like we have had to make huge sacrifices to keep our 
usage low. We currently have a spring-fed cistern that we use 
for our water supply. We may need to drill a well, which will 
require a different pump and more electricity. We are and will 
be using more energy as our comfort level with living off-grid 
increases. My thinking now is, use it or lose it—”it” being the 
solar energy available.

Did we give up any modern conveniences? Yes and no, 
according to how you define modern conveniences. We 
“gave up” everybody having a TV in each of their bedrooms. 
We gave up having multiple cable boxes, DVRs, and a large 
surround-sound system. We gave up having a huge chest 
freezer filled with who knows what and a large side-by-side 
refrigerator. We gave up having every light in the house on 
all the time. We gave up having all of our electrical devices 
plugged in and ready to go. 

We currently have two energy-efficient TVs—we added a 
24-inch LED TV that uses 60 W. We made the decision to use 
an over-the-air antenna and not get a dish, so we “gave up” 
200+ channels. All of the appliances with phantom loads—
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TVs, gaming console, computer, and printers—are plugged 
into power strips that are turned off when not in use. We let 
the kids have limited use of the gaming console and TV (most 
of the time they limit themselves). We have family TV time in 
the evenings—when we decide to watch TV. We brought in 
a fiber-optic phone line to the house, since there was no cell 
or Internet service. The modem is powered all the time. All 
of our lights are energy-efficient and only one or two are on 
at a time most nights. Overcoming our bad energy practices 
has actually been a little easier than I thought it would be. 

We all work together to conserve electricity, which is really 
astonishing to me, since conservation was not even in our 
vocabulary a year ago.

Going off-grid has taught me many things. First was 
the importance of tracking the energy usage of all of your 
electrical appliances—clocks, chargers, everything—it all adds 
up. Do not depend on the sticker that gives the amperage 
on the back of an appliance—they are not accurate enough. 
Second, every dollar spent on conservation will save you 
more than that on the cost of your PV system. Energy 
efficiency in your lifestyle and appliances is a must. If you 
hire an installer, check references and go see at least one of 
their installations. Ask questions.

If you look at changing to off-grid living strictly as a 
financial problem, it may or may not pencil out, since the 
cost of electricity from the grid is usually cheaper than from 
an off-grid system. In our case, the costs of bringing in the 
grid and installing an off-grid system were about the same if 
considered over 10 years. It may even have been cheaper if we 
had gone the grid route. But being on our own and telling the 
electric utility to take a hike…well, that is priceless!

As we moved into our first spring off-grid, the system was 
really coming into its own. We have embraced living off the 
grid. I think our family and friends thought we were crazy to 
buy a home with no electricity or plumbing. But now all we 
hear is how lucky we are and how beautiful it is out here. We 
love it and would definitely do it all again.

Access
Born in Elmira, New York, Mark McDermott (mcdermotma@gmail.

com) has worked at Corning for 28 years. He currently serves as a 

development engineer there, working on optical fiber and photonic 

components. 

Four Winds Renewable Energy • four-winds-energy.com • System 

design & installation

Above: The McDermotts’ off-grid life 
also includes this Olde English Babydoll 
lamb. Right: Teresa inspects her 
beehives and checks for honey. Notice 
the solar-powered electric fence used 
to keep out pesky black bears.

Off-grid family Mark and Teresa McDermott with their son Dylan 
and daughter Laura.
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