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Future Homes Today

by Dave Biebel, Editor-in-Chief

In a day when many homeown-
ers are worried about next winter’s 
heating costs, “Net Zero” sounds 
like a futuristic pipe dream. But 
due to rapid advances in technol-
ogy related to renewable energy 
sources, coupled with improved 
scientific understanding of heat 
loss and preservation in construc-
tion methods and materials, the 
future is now.

In the following pages, you’ll find 
examples of three different path-
ways taken by homeowners with 
the same goal: reducing their de-
gree of dependence on non-renew-
able sources of fuel, thus adopting 

a more prudent lifestyle of personal 
conservation and preservation of 
natural resources.

The first example is a prototypical 
multi-generational home con-
structed with sharing and caring 
in mind – sharing space and costs, 
and caring enough to use universal 
design principles to guide the selec-
tion of flooring, lighting, appli-
ances, cabinetry, and fixtures. 

The initial goal in the second 
example was to convert a much-
beloved cabin at the lake into a 
retirement home. After much 
deliberation, and consultation 
with a variety of experts, it became 
clear that the most prudent, cost-
effective, and comfortable solution 
would be tear down the old struc-

ture and build a new one in its 
footprint. You’ll be amazed by the 
magnificent result.

The goal of the third example was 
off-grid living. Follow this project 
step-by-step as the designer and 
builder creatively combine the best 
strategies, techniques, and materi-
als to convert a barn to a net-zero 
home. Witness the implementation 
of a wide variety of renewable en-
ergy sources including solar elec-
trical and hot water, geo-thermal 
heating and cooling, and hydro-
electricity as well, with battery 
storage enough to power the home 
year round with no connection to 
the grid.
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A Home for Caring & Sharing 
(Part 1 of a series)

Don and Judy Jordan 
of Plainfield, NH, 
are building a home 
where Judy’s parents 
can live with them 
comfortably, safely, 
and warmly. This is 
the first in a series of 
articles covering this 
prototypical project.

Prudent Living Magazine: You’re build-
ing a multi-generational home on part of your 
200-year-old family farm in New Hampshire. 
What brought that about?

Don Jordan: Well, my wife’s parents are in their 
mid-80s, and in general good health, with just a 
few issues that may eventually hinder their ability 
to live on their own. We’re in our mid-50s, and 
empty nesters, and recently acquired property 
on the family farm. Around that time we invited 
Judy’s parents to consider allowing us to co-age 
together in our current home so we could be more 
immediately available when needed. After Judy 
visited custom home demo houses just for fun 
with her mom in Florida, the dreaming became 
an idea for future building plans, initially for us 
in our retirement years, but for now for them, 
too. The property is just three miles from our 
current home, allowing us to continue our cur-
rent jobs, and we will be right next to the original 

farm house where our daughter and her family 
now live. The new home will be co-funded—and 
a great opportunity for both couples to custom 
design it to their needs. Four generations will be 
right next to each other on the property. 

Prudent Living Magazine: This is an approach 
that many are considering these days, for a variety 
of reasons. How did you begin to develop a plan 
for the home?

Don Jordan: Initially we focused on some kind 
of a duplex that would support independent living 
by both couples, with two kitchens and so forth. 
The greatest benefit would be privacy for all. Each 
couple could do their own grocery shopping and 
cooking, though meals could be shared when 
desired. Obtaining permits for this type of project 
used to be difficult, but many towns including 
our own have seen this trend of multi-generational 
need, and have made the permit process easier. 

But the duplex idea has a downside, also, most 
significantly the added cost – duplicating kitch-
ens, for example, can be very costly. When you 
add two comparable living areas, the initial build-
ing costs rise. Continuing increased cost would 
include electrical, heating, and property taxes. 
Long-term, another problem arises when the sec-
ond “apartment” is no longer needed. We might 
be forced to rent that to make the mortgage, and 
we would prefer not to do that.

So we fairly quickly moved away from the duplex 
idea and decided on one kitchen and dining room 
for all. The main floor will contain a kitchen and 

the largest dining/living room area as well as the living 
space for the parents. In order to ensure privacy for 
all concerned, we settled on a full finished “walk-out” 
basement for ourselves, no second floor, and a garage. 

Prudent Living Magazine: Sounds like you have dis-
covered some valuable information in this process, not 
only for yourselves, but for others considering a similar 
project.

Judy Jordan: One thing we discovered is that the term 
for all of this is “universal design.” This means choos-
ing a home design or organizing your living space for 
future handicap or physical limitations. Some uni-
versal design specifications might include: step free 
entrance and no or low thresholds throughout the 
house, wider hallways, lever style handles on doors 
and faucets, pull out drawers in cabinets, side by side 
refrigerator, variable heights for counter tops, sliding 
casement windows, lower light switches, higher electri-
cal outlets, grab bars in the bathroom, higher toilet 
seat, nonslip tile, wood, and low pile carpeting, hand-
held shower fixtures and curbless shower, front loading 
washer and dryer, adjustable hanging closet rods and 
shelves, and open knee space under all sinks.

Prudent Living Magazine: And what were you able 
to work into your own living space?

Judy Jordan: We will include almost all these uni-
versal design elements in our home design except the 
most costly ones like variable heights for the kitchen 
counters. We will include lots of grab bars in the bath-
room, for instance, one of the most dangerous places 
in the house, and will design the tub and shower for 
easy access. The hallways, thresholds, and hardware 
are all universal designed, along with our appliances, 
flooring, and electric planning. Our house will be 
accessible for the grandchildren when they visit, too. 
The basement will have our main bedroom plus a 
guest room and some common space so that we can 
entertain friends, children, and grandchildren without 
“crowding” mom and dad. We’re building a little play-
room under the stairs for the grandchildren, so they 
will feel special when they come to visit.

Prudent Living Magazine: Once you learned about 
“universal design,” did you find the concepts helpful or 
more confining?

Judy Jordan: It expanded our thinking about what 
to consider. While not many people around here have 

much experience in the universal design approach, 
I think it should be considered by every new home 
builder, to plan for aging in place comfortably with di-
minishing assets. Since finding out about this, I’ve in-
vested countless hours investigating how to incorporate 
these ideas. I think it’s resulted in more revisions of the 
kitchen design than our designer wants to remember, 
but when completed it will give us all a great portfolio 
of experience and knowledge to share with others. 

Prudent Living Magazine: What other issues have af-
fected your primary decisions about the overall design?

Don Jordan: Our emphasis has been on “caring,” 
which also involves some of the energy issues we have 
considered. For example, our elderly parents will be 
spending their winters 
in rural New Hamp-
shire after twenty 
years in Florida. They 
will need to be warm, 
without breaking 
the bank with heat-
ing costs. Since they 
may spend some time 
alone at the home, 
heating with firewood 
did not seem like a 
reasonable long-term 
plan. A great insula-
tion package, and 
renewable sources 
of heat and power 
seemed like a good 
way to go. So we’re having a photovoltaic (PV) system 
installed to provide electricity, and we’re using geother-
mal to heat and cool, with the PV power covering the 
expense, winter and summer. We also chose to install 
an all house generator. In case we’re not on the prop-
erty and the power goes off, we did not want mom 
and dad heading out into the storm to try and start a 
standard type of generator by hand. 

Judy Jordan: For extra warmth, or maybe ambience, 
we’re also installing a modern looking gas fireplace 
in the great room upstairs. We probably won’t need 
to actually use it for heat, but it will warm our feet as 
well as our hearts whenever we need them warmed. 
For example, when it’s twenty below zero outside, with 
wind and drifting snow, that fireplace sounds pretty 
cozy to me.

Don and Judy Jordan 
Residence Projected
Heating and Cooling 
Costs

• Annual heating and cooling   
 cost is $1,066.00 or 7,113 kWh

• Annual Hot water Estimated   
 cost is $393.00 or 2,625 kWh

Combined, this is an estimated 
$121 per month if they choose to 
cool their house. If not, it will be 
much lower. The proposed photo-
voltaic system will cover all of this 
usage and bring their heat, cool-
ing, and hot water bill to $0.

A Home for Caring & Sharing
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Designing Your New Kitchen

by Sheila Varnese

In more than twenty years of kitchen designing, I’ve 
enjoyed helping hundreds of folks choose components 
that are right for them. Most people I’ve worked with 
are surprised by (and sometimes overwhelmed by) the 
vast array of possibilities, especially when they first 
begin the process. My task is to help them choose 
colors and styles and designs and to help them cus-
tomize those to fit their space, their needs, and their 
budgets.

Sometimes this process takes a few weeks, and some-
times it takes a year, occasionally involving three to 
five design drafts before we’ve addressed and satis-
fied all the clients’ concerns. For example, the design 
might be good, but the client prefers to review mul-
tiple styles or species of wood before choosing. Most 
often clients are as interested in being listened to as in 
the projected costs. 

A summary of the process might look like this:

Initial Meeting

• Client brings blueprints or rough dimensions of the 
area in question. This is an informational meeting. I 
ask them to bring a “wish list,” and to describe their 
likes and dislikes of their current kitchen, which helps 
me identify special concerns. 

• We discuss how they function in their kitchen: who 
cooks, who preps, are there kids, and if so, do they 
do their homework there. I ask about the types of 
appliances they might want – cook top and wall oven 
vs. single unit; compactor; size and number of sinks; 
dishwasher; refrigerator; microwave; and so forth.

• I ask how long they think they will be there – i.e. is 
this a model they plan to resell, or are they building 
(or remodeling) for themselves and for the long-term? 
Who will live there, and what special needs should be 
considered as they relate to the kitchen? (Note: Other  
       

parts of the home design area also af-
fected by this consideration.)

• We review cabinet styles, brands, 
features; counter top options; maximum 
cabinet height, and other relevant ques-
tions.

Second Meeting

• I present first draft of a design; not 
necessarily priced at this point. 

• Client reviews design in 3D, so they 
can see and tweak it.

• We review placement of cabinets in re-
lation to factors like trash pullouts, stor-
age of pots, pans, silverware, and other 
implements, and I note any changes they 
require.

Subsequent Meetings

• Revised and priced design is presented 
and discussed. This can be done via e-
mailed PDF format.

• This process is repeated until customer 
is satisfied with design and price.

Other Steps

• With final design in hand, we field 
measure before order is placed, to ensure 
our design will fit the actual space.

• Cabinets are delivered and installed. I 
am available to answer questions, if any, 
from installer. Counter tops go in after 
cabinets.

• Communication remains open with 
client as long as needed.

Sheila Varnese is a kitchen 
designer for LaValley 
Building Supply, in their 
West Lebanon, NH facility. 
She coaches JV Softball 
at Lebanon High School. 
She loves her job, especially 
helping people achieve 
their dreams and goals in 
whatever space they have to 
work with. 

These sketches illustrate how a design changes 

over time until the customer is satisfied.

A Home for Caring & Sharing
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A Home for Caring & Sharing 
(Part 2 of a series)

Don and Judy Jordan 
of Plainfield, NH, have 
built a home where 
Judy’s parents can live 
with them comfortably, 
safely, and warmly. This 
is the second in a series 
of articles covering this 
prototypical project.

Not so long ago, people building new homes built 
for appearance and then had to wait for the dead of 
winter before they really knew if they had made a 
good investment in terms of energy efficiency. Today, 
this question can be answered in the dead of summer 
through an energy performance review by a residential 
energy efficiency specialist, like Joe Rando of GDS 
Associates in Manchester, NH.

 Rando conducted such a review on the newly finished 
Jordan home in Plainfield, NH, using the nationally 
recognized “Home Energy Rating System” (HERS) on 
August 21, 2013. The rating system generates a one-
number index that documents the home’s efficiency. 

The number generated is between 0-150, where an 
index of 100 is indicative of a typical new home built 
to code and an index of 150 being typical of an older 
home, with zero being a home that generates as much 
energy as it consumes.

 The Jordan home achieved a 12 on the HERS index, 
which Rando said was the best he has ever rated.

 “This score of 12 means that the home uses 88 
percent less energy than a typical new home built to 
code,” he said. “Considering everything, including the 
solar panels and reduced load on the geothermal heat-
ing and cooling system because of the high perfor-
mance building shell (e.g. high performance: insula-

tion, windows, and doors), the 
home produces nearly as much 
electricity as it needs (includ-
ing the heating system) making 
this one of the highest perform-
ing homes that I’ve ever worked 
on. Could the rating have been 
lower? Yes, with more solar panels 
perhaps, but with the projected 
net energy cost of $953.50 per 
year for a home of more than 
3,000 square feet, there is a point 
of diminishing return in terms 
of making the solar panel system 
larger.”

 All things considered, Rando 
issued a Home Energy Rating 

Certificate of “5 Stars Plus,” which 
is the highest possible rating, an 
official ENERGY STAR® Home 
certificate, and a blue ENERGY 
STAR Qualified New Home sticker 
with the HERS Index of “12” 
prominently displayed. Not only 
does this confirm the quality of the 
home’s construction, but it rein-
forces its value, should the Jordans 
ever wish to sell it. But considering 
the fact that the Jordan farm on 
which the home is built has been in 
the family for more than 200 years, 
their focus is on paying forward 
the caring family vision that they 
learned by example from their par-
ents and other family pioneers.

Details … Details … and 
More Details

Many houses of the past were built 
this way: The project was overseen 
by a general contractor who sub-
contracted with multiple individu-
als and/or companies to do their 
part when it was time, from exca-
vation, drilling the well, pouring 
the foundation, doing the framing, 
sheet rocking, plumbing and heat-
ing, electrical, insulation, floor-
ing, cabinetry and fixtures, finish 
carpentry, painting, roofing, and so 
forth. In that scenario, the typical 
primary goal of each sub-contractor 
might be to get his people in and 

out as efficiently as possible. Nei-
ther the sub-contractors nor the 
laborers took much personal inter-
est in the project as a whole, except 
perhaps the finish carpenters, who 
often took some pride in their con-
tribution to the finished product. 

The reason this Prudent Living 
Home is so well built, from an 
energy performance point of view, 
is that the home was “orchestrated” 
rather than assembled by a variety 
of workmen who focused primarily 
on their part of the work. And like 
an orchestra where everyone plays 
his or her part as well as possible, 
striving for the perfection of the 

5 Stars Plus
Confirmed

Registry ID: 413255571

Rating Number: GDS-PS-NH-GO-4468

Certified Energy Rater: Joe Rando

Rating Date: August 21, 2013

Rating Ordered For: Jordan Residence 

Estimated Annual Energy Cost

Confirmed

Use MMBtu Cost Percent

  Heating 23.8 $1104 112%

  Cooling 1.8 $83 8%

  Hot Water 6.0 $277 28%

 Lights/Appliances 30.5 $1373 140%

  Photovoltaics -42.9 $-1995 -203%

%41931$segrahC ecivreS  

%001289$1.91latoT  

This home meets or exceeds the minimum

criteria for all of the following:

GDS Associates Inc

1155 Elm Street, #702

Manchester, NH 03101

603.656.0336

Uniform Energy Rating System

1 Star 1 Star Plus 2 Stars 2 Stars Plus 3 Stars 3 Stars Plus 4 Stars 4 Stars Plus 5 Stars 5 Stars Plus

500-401 400-301 300-251 250-201 200-151 150-101 100-91 90-86 85-71 70 or Less

Energy Efficient

HERS Index: 12
General Information

dehcated ylimaf-elgniS:epyTesuoH.tf .qs 5233:aerA denoitidnoC

Conditioned Volume: 29924 cubic ft. Foundation: Conditioned basement

Bedrooms: 3

Mechanical Systems Features

Heating: Ground-source heat pump, Electric, 3.6 COP, w/DSH.

Cooling: Ground-source heat pump, Electric, 16.0 EER.

Water Heating: Heat pump, Electric, 2.33 EF, 50.0 Gal.

Duct Leakage to Outside: 11.00 CFM25.

Ventilation System: Balanced: ERV, 65 cfm, 72.0 watts.

Programmable Thermostat: Heating: Yes          Cooling: Yes

Building Shell Features

rednU 0.01-R ,egdE 0.02-R:balS 06-R:talF gnilieC

AN:roolF desopxEAN:cittA delaeS
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Above Grade Walls: R-40, R-30 Infiltration Rate: Htg: 495 Clg: 495 CFM50

tset rood rewolB:dohteM 0.02-R:sllaW noitadnuoF

Lights and Appliance Features

Percent Interior Lighting: 100.00 Range/Oven Fuel: Propane

enaporP:leuF reyrD sehtolC00.0:gnithgiL egaraG tnecreP

Refrigerator (kWh/yr): 1479.00 Clothes Dryer EF: 2.67

Dishwasher Energy Factor: 0.00 Ceiling Fan (cfm/Watt): 0.00

The Home Energy Rating Standard Disclosure for this home is available from the rating provider.

REM/Rate - Residential Energy Analysis and Rating Software v14.3 
This information does not constitute any warranty of energy cost or savings.

 © 1985-2013 Architectural Energy Corporation, Boulder, Colorado.
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overall performance, this home is exceptional because 
every single person involved was striving to make the 
whole better than the sum of its parts.

In this scenario, the composers were Don and Judy 
Jordan, and Judy’s parents, Warren and Marian Biebel, 
working in concert with Paul Biebel, President of 
Biebel Builders and Prudent Living, who designed and 
redesigned and then redesigned some more, each revi-
sion taking the entire group closer to the goal. Paul 
also served as the conductor of the orchestra, even 
as Judy continued to revise some of the movements 
while the performance was underway.

Judy Jordan became very engaged with this project, 
knowing it was for and with her parents, and that this 
home would become “Grandma’s House” for the four 
generations already living, and for many generations 
to come. Caring and sharing would control many of 
the decisions that had to be made – caring enough 
to include as many elements of “universal design” as 
possible, even when it stretched the budget … and 
sharing the satisfaction and joy of the finished work.

Judy estimates that over the fifteen months from first 
envisioning the multi-generational project to actually 

moving in, she invested thousands of hours making 
hundreds of decisions, hundreds of phone calls, and 
spent hundreds of hours visiting websites focused on 
subjects from electrical fixtures to bath and kitchen 
design to interior decorating. Every revision produced 
another set of questions or issues that had to be ad-
dressed. 

And providing background noise was “the budget.” 
Excellence is not cheap, whether it is the craftsman-
ship involved in just the right kitchen drawers or 
counters or the master bathroom she ended up de-
signing herself, drawing upon all the research that she 
had done. It’s a formidable challenge to incorporate as 
many elements of universal design as you can, using as 
many of the best fixtures as are available, knowing that 
doing it right the first time will be the most prudent 
choice over time, while each new decision reacti-
vates the calculator in your brain that seems to be on 
standby all the time.

Sometimes choices come with big enough price tags 
that you believe you can do that one yourself and save 
enough to do that other thing you’ve been wishing to 
include, whether it is a bay window or a walk-in tub. 

Take, for example, painting the interior of the house. 
When the estimate came in at $20,000, this seemed 
like a no-brainer: There’s no way we’re paying $20,000 
for painting, when I can do that myself! Judy figured. 
Hundreds of hours and forty gallons of paint later, 
she’s actually glad that she did that part, because she 
says, “Now I know how to do that.”

A Composer’s Photo-Centric Tour
(Judy Jordan, narrator)

The Kitchen: 

In general, the kitchen has an element of universal 
design built in, but we chose to incorporate a wider 
expanse between the island and the counter so a 
wheelchair could get through. We did consider a two 
level countertop, but since this part of the upstairs is 
an open space, we have a large table close by if some-
one in a wheelchair needs a hard surface to work on.

The drawer pulls were selected for easy opening by a 
person with arthritis or a limited range of motion. It’s 
much easier to put your fingers into something and 
pull it than to turn it with a wrist that hurts. I selected 
KraftMaid® for our kitchen cabinetry because of their 

superior quality, creative and attractive design, and the 
functionality of their products. 

For example, a person can pull the kitchen cabinet 
drawer all the way out, without bending, or reaching. 
And, in the particular cabinetry we chose, each drawer 
has two levels so you can really store a lot of things 
and have them all fully accessible, too. This is different 
from many kitchen drawers that are packed with stuff, 
where the things at the back are either hard to reach 
or rarely used.

The kitchen sink faucet is also easier to use because 
there is nothing to turn; you just lift or push down 
the lever. Additionally, the high arching faucet makes 
it easier to fill things like pots and pans with water.

The appliances are all energy star rated, and con-
structed for decades of use. I selected a refrigerator 
that makes it easy for anyone to reach in and get 
something. The top part has a French door, and there’s 
a pull out freezer on the bottom.

The Great Room

We learned while caring for Don’s mother after her 
stroke that smooth floors are important for ease of 
wheelchair movement. So we planned the floors on 
this level to facilitate the use of wheelchairs or walkers. 
Specifically, we settled on hardwood floors to accom-
modate possible future needs, and also because they 
are more attractive and durable than cheaper floor 
coverings.

A Home for Caring & Sharing
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This room is huge, but when you put in furniture and 
people, it doesn’t seem as huge anymore. We chose the 
open design so that while we are preparing a meal we 
could be watching TV if we want to. The TV is also 
easily viewable from the dining room table, if there’s 
something on that we’re interested in (we’re Boston 
Red Sox fans!). The size and design also make it pos-
sible to host groups from our church when we wish to 
do so. 

The “Red” Room

Between the great room and the back deck is the “red” 
room. Originally designed to be a room for sitting or 
reading, this room has evolved into a fun room, where 
Mom can work at her computer or just relax while 
enjoying the beautiful view out the picture window.

The “Mud” Room

When we enter the house through the garage, we use 
a ramp designed for wheelchair use. The ramp is about 
four feet wide, with railings on both sides for ease of 
access for anyone. This provides access to the mud 
room, which gets as much or more traffic than any 

other part of the building. The mud room has mul-
tiple hooks on the wall in addition to a coat closet, 
and a utility sink that is very useful for clean up when 
we’ve been working on the lawn or in the garden … 
and especially when someone chooses to paint the 
whole interior! 

The washer and dryer are front-loading, for ease of 
loading and unloading. Additionally, we had it in-
stalled on a six inch high platform to augment that 
factor. When we did this room, we amended the 

design multiple times, in part so we could have more 
storage room and room for the freezers where we 
store food grown in our garden, and also because we 
wanted to have the window in the mud room match 
the height of the other windows in the house.

The Parents’ Suite

In the hallway leading to my parents’ suite, we used 
wider than normal doorways and doors, as required by 
universal design. The suite includes four rooms – two 
baths, a master bedroom, and a den. The den enjoys 
multiple uses including sewing, reading, and TV view-
ing. 

The smaller bathroom, off the den, is equipped with 
grab bars, and a handicapped handheld shower. In 
all the bathrooms in the house, the toilets are handi-
capped height. 

The master bedroom went through many designs and 
redesigns and even re-redesigns of redesigns, each of 
which then required a new quote. Our builder en-
dured it all with a great deal of patience, and the end 
product is as functional as it is aesthetically pleasing. 
Mom especially enjoys her bay window here and also 

in the great room, both of which add broader views, 
more light, and a special ambience that doesn’t come 
in any other way.

The master bath incorporates principles of universal 
design, with a special touch. After spending hundreds 
of hours consulting various websites to find something 
that would look pretty while remaining useful and 
versatile, I ended up designing the room myself (with 
Paul’s help, of course). 

A person with a wheelchair or walker can easily access 
this bathroom, and will be able to luxuriate in the 
four-foot long walk-in tub where you can sit with 
water up to your shoulders, massaged by the water jets 
that are built into the unit. It’s very much like sitting 
in a Jacuzzi. You can wash your hair using the hand-
held shower. We included a twelve-inch custom exten-
sion in this design in case we ever decide to substitute 
a standard tub for the walk-in. The beauty of this 

A Home for Caring & Sharing
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design is accentuated by light through the East-facing 
window that frames the old farmhouse. The bottom 
portion of the window is translucent vinyl for privacy. 

In this bathroom we have the same kind of cabine-
try with pull out drawers like those installed in the 
kitchen. The sink-vanity was custom designed by the 
KraftMaid® people with the help of Sheila Varnese, 
our cabinet designer and me. We probably exchanged 
a hundred e-mails related to just this part of the 
house. I would ask if we could do this, or do that with 
the space we’ve allotted for the vanity, under which we 
left room for knees in case someone is using a wheel-
chair, while designing in black cabinetry to hide the 
plumbing. It came out beautifully, even though you 
can’t find this design anywhere on the Internet. It is 
essentially a redesigned kitchen cabinet.

The bath has single lever faucets, open circle towel 
racks, various hooks, and lots of grab bars. Working 
with Paul, we decided to tile the bath because we were 
going to have to construct our own shower using tile, 
with a very small lip to prevent water seepage without 
affecting wheelchair access.

In the shower there is an up and down hand-held 
shower head, with a lever to change the direction of 
the flow. This can be used if someone is sitting in the 
shower. It has an anti-scald temperature control, so 
no one can be injured by water that’s too hot. When I 
consider the whole project, I feel the most satisfaction 
when I walk into the master bedroom and bath area.

The Downstairs

When you decide to share a home with your ag-
ing parents, one question you will need to decide is 
whether you’re willing to live in a walkout basement 
or if you would prefer to build a second story. When 
we started to discuss this project, we briefly consid-
ered a second story, because we knew by experience 
that living in a basement can be a little depressing. 

But if the simple act of walking down a flight of stairs 
to your underground living space contributes to this 
feeling, why not make it seem that you’re just transi-
tioning to another level of your country manor? Our 
builder came up with that idea, and carried it out by 
installing a beautiful, extra-wide oak-tread stairway 
with a hand-pieced look to it, bright and inviting. In 
fact, it seems like an extension of the upstairs hard-
wood floor décor.

From Dream to Reality

by Sheila Varnese

Designing a new kitchen or bath is 
nowhere near as easy as it sounds, 
because the number of suggested 
designs out there, the wide array of 
products available, and the budget 
of those building the home create 
an equation something like this: 
designs they like times the prod-
ucts that could be used divided by 
budgetary constraints = final design. 
But challenging as the process may 
be, it’s always satisfying to work with 
someone from beginning to finished 
product, because together we’ve 
taken a dream or idea and given it 
form.

The process usually goes like this:

• I ask the client(s) to bring a “wish 
list” for their kitchen and bath(s). 
This list could include, but is not 
limited to, pictures from magazines, 
Houzz.com, Pinterest, or wherever 
they’ve been able to find something 
they like.

• Also, I ask them to bring a list of 
accessories they feel would be useful, 
such as rollout trays, pullout trash, 
two-layered drawers, and so forth. 

• Another list I request is things they 
don’t like about their current kitch-
en, and what they would change 
about that. 

• We look at different colors and 
styles; for example, we compare 
cabinet door samples to countertop 
choices, flooring options, and paint 
colors to see how well they all mesh.

My role is to listen to them and help 
them narrow down their preferences 
to a couple of choices, to facilitate 
their decision making. In generating 
this reduced set of choices I have to 

keep their budget in mind, so I don’t 
present options that might ultimate-
ly be unaffordable. 

Typically, I put together two or three 
scenarios to simplify their decision 
making; sometimes only two is best. 
I encourage them to bring samples 
home so they can see what the 
colors look like in their own setting 
rather than under the fluorescent 
lights in our showroom. This also al-
lows them to compare what they are 
considering with existing pieces of 
furniture that will be in or near the 
kitchen area, to be sure they comple-
ment each other. 

As this process moves forward, we 
generate sketches that they can 
download and print at home. Some-
times we end up generating quite a 
few sketches until the design is just 
right. It’s crucial that the client(s) 
be as committed to detail as I am, 
because sometimes something we’ve 
discussed might be missing on the 
sketch, and it can be easier for some 
folks to catch that when it’s printed 
out. Together, we define, refine, and 
refine again until everyone is pleased 
and the order can be placed.

Sheila Varnese is a kitchen designer for 
LaValley Building Supply, in their West 
Lebanon, NH facility. She coaches JV Soft-
ball at Lebanon High School. She loves her 
job, especially helping people achieve their 
dreams and goals in whatever space they 
have to work with.

We have decorated the specially 
illuminated walls on the way 
down with pictures of our three 
daughters, and just beyond the 
portrait gallery, we step into a 
little kitchenette, with a coffee 
counter that Don and I use first 
thing when our day starts and 
the others are still sleeping up-
stairs. And then we pass through 
an archway into the main living 
area downstairs. This feature also 
carries the theme from upstairs, 
visually reinforcing the conviction 
that we are still in the same house, 
just another part of it. It’s really 
amazing what you can accomplish 
with good lighting, repetition of 
design themes, research, a lot of 
creativity, and the encouragement 
of an experienced builder.

We have a nice open living and 
dining area, with track lighting 
focused on special areas of the 
room, along with regular lighting. 
This makes the whole downstairs 
feel more open. In one end of this 
room, we have a nook where we 
watch TV, listen to music, or just 
relax. And there’s also a den and 
a playroom built under the stairs, 
which our grandkids love to play 
in. In addition, there’s a large 
bedroom and future office space, 
if or when we need it. 

Our dinette is set in front of a 
picture window that looks out on 
the farmhouse where Don grew 
up and which we love. On the 
large wall nearby is our family’s 
genealogy in photos. I’m the 
family historian, so this was really 
fun to create. And seeing that 
display day after day reminds me 
how blessed we are to be part of a 
caring and sharing family, a legacy 
we are committed to carrying 
forward.

A Home for Caring & Sharing

1716



From Heat Hog
to Energy Star

When Bob and Dale Cunningham bought the 
original cottage on the west shore of Rocky Bound 
Pond in Croydon, NH, about ten years ago, it was 
just a camp – a place to open up on Memorial Day 
and to batten down again on Labor Day. While 
rustic has its charm, it also has its limits, especially 
when the thermometer drops to minus 20 F, and 
nothing’s moving but the 40 mile per hour wind 
whistling across the ice and through every crack 
and cranny in the walls, and even the floor, which 
had only a crawl space under it. In this case, “rus-
tic” also included an electric toilet – details skipped 
here except to say that the constant draft was help-
ful in dissipating the odor.

With retirement in the not-too-distant future, the Cunninghams took inventory. In the winters, they 
lived in an older home a few miles from the camp, but when they thought hard about where they 
really liked to be, the “camp” won, hands down. So the question became whether the camp could 
be remodeled to accommodate year-round living. They decided to consult a long-time acquaintance, 
Paul Biebel, because they knew his company was very familiar with both new construction and “ret-
ros,” and also because of his connection with Prudent Living Inc., which could provide expert advice 
on the integration of renewable energy into their long-term planning.

After an initial walk-through, Biebel explained 
that his company could certainly tighten up the 
old cottage through the use of a variety of insula-
tion methods, and that the use of renewable energy 
heat sources could cut their ongoing heating costs. 
However, a much better long-term solution, in view 
of their plan to relocate there permanently, would 
be to replace the old structure with a whole new 
one, in which case new insulation technologies and 
renewable energy sources could be built right into 
what might become a two-story finished house, 
with an initially unfinished walk-out basement – a 
significant increase in floor space in a much more 
livable package.

Following a nostalgic last look at a place that had 
provided them so much pleasure and fun through 
the years, in August 2011, the Cunninghams 
watched the old building come down, to be re-
placed by a hole for a new foundation which, by 

regulation, could not be larger than the 
“impervious” footprint that had been in use 
previously. They counted everything allow-
able to come up with the equivalent square 
footage total.

The new house went up quite quickly, by 
comparison, but not fast enough for Bob 
and Dale, who at that point had rented a 
neighboring “rustic” cabin so they could 
keep tabs on the progress, which they did 
daily. “The crew probably got sick of hearing 
us ask, ‘Is it done yet?’” Bob recalled. “But 
they were always nice about it, and being 
right there allowed us to be more involved in 
crucial decisions we are glad were made.”

“One of those,” Dale said, “was my request of Paul to add a French porch off the bedroom upstairs, 
which has become one of our favorite places to sit with a cup of coffee and watch the sun come up 
across the pond. We’ve also enjoyed seeing wildlife that we never saw before, like the ducks that 
come through in the fall, and flowers on some of the trees in the early spring. We never saw those 
before. It’s just a quiet, restful place to be. Seems like the view changes every day, but I can’t think of 
any time when it’s not beautiful in its own special way.”

Along the way, there were many challenges, including how to build the house in the midst of certain 
trees that the Cunninghams wanted to keep. “We groomed down a whole side of the hemlock,” Bob 
said, “so we could keep it as a shield between us and the pond even in winter. And there’s a big oak 
tree out here that the guys were rubbing their backs against while they were putting on the siding. 
We really appreciated the extra effort!”

“The whole thing was done in a very tight space,” Dale added. “And we’re thankful to have such 
understanding and helpful neighbors. We had big delivery trucks coming in here, and a well-drilling 
rig. It was all pretty crazy while the place was being built.

Perhaps the most significant challenge was communications with the electric power company, which 
required the already installed underground service to be moved in the middle of winter in frozen 
ground. The power company had to be educated about the power load required by the geothermal 
heating and cooling system that was the best renewable energy technology for the setting. 

“They thought that geo thermal was go-
ing to take three to five wells, like in that 
past,” Bob said, “with pumps in every well 
and other equipment so the draw would be 
more than the present lines could handle. 
But when the engineer showed them that 
there would only be one well and pump, and 
that the whole set-up would not use more 
electricity than a stove, they relented. And 
the great thing about it,” Bob added,” was 
that we were going to have to put in a well 
anyway, so we just went a bit deeper for the 
geo thermal than we might have gone other-

Rocky Bound Pond Redo
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wise.” Then he said, with a laugh, 
“I had to trust that the technology 
would actually work, because, you 
know, it’s hard to figure out how 
you can heat a house to seventy 
degrees using heat from water that 
is only maybe fifty-eight degrees.”

Dale said, “I had read up on the 
whole idea, with Paul’s help, and it 
was pretty clear, even if it was a bit 
of a mystery, that the engineering 
projection was going to achieve 
my goal – living in a house that 
I didn’t have to buy oil for. More 

than anything, I was sick of hav-
ing to plan all year about when to 
buy oil for the winter, you know, 
would it be lower or higher later, 
and so forth. With our new house, 
we have no oil tank at all, just 
even, steady heat. The air flows 
so gently that you can hardly tell 
when the heat is on. We do have 
propane for hot water and a back-
up stove in the corner, but that’s 

just for looks so far. In fact, our 
propane use for January, when we 
moved in, to June this year, was 
seven gallons. Otherwise, electric-
ity runs the pumps, including the 
aerator in the septic area, so that’s 
our main ongoing expense.”

One thing that will put money 
back into the Cunninghams’ 
pocket is their new home’s com-
pliance with the State of New 
Hampshire’s Energy Star Homes 
Program. Biebel explains, “We had 
to comply with their strict perfor-

mance criteria for the shell of the 
house. The State of NH sent their 
own inspector to the site, with his 
own testing equipment. He used 
both a blower door and an infra-
red camera. When he finished test-
ing, he said that we far exceeded 
their standard requirements and 
that he had not seen a house test 
out as tight as this one. I explained 
to him that this is partly because 

we installed so much foam insula-
tion both in between the studs as 
well as an additional two inches on 
the entire exterior. But in addition 
to that, we air sealed all the verti-
cal penetrations between floors all 

the way to the attic, eliminating 
what is scientifically referred to 
as ‘stack effect.’ Stack effect is the 
movement of air between walls 
and partitions and floor systems 
wherever there is a drilled hole or 
open shaft. It is one of the primary 
causes of heat loss and unwanted 
air movement inside of houses, 
and it usually acts like an internal 
chimney that sucks air from base-
ments all the way up and into at-
tics where moisture condenses and 
wreaks havoc with wood frames.” 

He added, “Another thing we do, 
that is not required by Energy 
Star, is that as we frame up the 
house and begin installing studs 
and plywood on the exterior walls, 
we caulk every joint where two 

pieces of wood come together. That’s a lot of joints. 
We also caulk all the exterior plywood joints from 
the roof to the foundation. Inside the house, we caulk 
every place where a stud or wall plate rests against 
plywood or against another stud or wall plate. When 
we install windows and doors, we set them into a bead 
of continuous caulk and then, after they are fastened 
into place, we install foam around the perimeter so 
that there is an air tight installation. Once we fin-
ish air sealing, the only way outside air can get into 
a house like this is for it to come in through an open 
window or door. Finally, when the house is finished, 
and before the owner moves in, we perform a pressure 
test on the house to look for any unwanted leakage. 
This will show up on our meter and also when we 
walk around with a ‘smoker’ that we use to check for 
drafts in all the usual places. After all the testing is 
done, we make sure that the air exchanger is sized 
properly and that the indoor air quality of the home is 
perfect.”

“That kind of attention to detail is the reason we are 
100 percent happy with our new home,” Bob com-
mented, with Dale nodding in agreement. “If we had 
it to do all over again, we would do it the exact same 
way, and it’s not often you hear somebody say that of 
their new home. And, as far as the renewable energy 
factors are involved, we would do those again, too, 
and we’ll be examining the solar electric options, too. 
For people who are considering something like this, 
we’d say don’t be shy; the only thing to lose is time. 
Some people look at an array of solar panels and think 
they’re ugly, but I think they’re beautiful. I see wind-
mills on a hilltop and think they’re wonderful. That’s 
free energy. Why would you not want that?”

Rocky Bound Pond Redo
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Off-Grid Living

From Barn to Nearly Net-Zero      
Energy Home (First in a series)

With retirement and fixed income living just a few years 
ahead, the handwriting was on the wall for Don Wem-
ple: Find a way to reduce living costs, or find another 
place to live. The answer for the Bridgewater Corners, 
Vermont, renewable energy expert was relatively easy 
in one way – he loves living in Vermont, even if tem-
peratures do drop to minus 20 degrees (or lower) from 
time to time in the winter. How to accomplish the goal 
of near-zero dependence on fossil fuels … that was the 
real challenge, one that was intensified by the fact that 
he was starting with already existing barn, which he had 
hoped to convert to an energy-efficient off-grid home.

In this case that age-old question, “Do you live in a 
barn?” took on a whole new meaning, as Wemple joined 
forces with Prudent Living, Inc. of Windsor, Vermont, 
and Renewable Energy Systems and Technologies, LLC 
of Bridgewater, Vermont, to design and construct Don’s 
retirement home. No frills, nothing fancy – just simple 
living in a simple place, with high tech solutions to a 
simple question: How can I live here, off the grid, with-
out breaking the bank AND without negatively affect-
ing our quality of life?

Wemple started with the goal of retrofitting an older 
building, which had been built before certain newer en-
ergy-saving techniques were available. “We very quickly 
figured out that, primarily from an insulation point of 
view and a logistics point of view, it would be harder to 
redo that building and still have a ‘zero energy home,’ so 
we decided to add a new section to what already existed.

From barn...

...to nearly Net-Zero energy home

I focused on how to build something that would have 
minimal heat loads, asking questions like: What type of 
construction techniques are required, and what speci-
fications would we need for R-values for walls, and 
ceilings, and foundation AND how to cost-effectively 
implement those.”

With the assistance of various experts in the field, 
Wemple concluded that between 25,000 to 32,000 
BTUs “British Thermal Units” of heat would be needed 
to heat the home he wanted to build, on the cold-
est days, if he were to keep the house’s thermostats at 
normal, livable temperatures. Less (about 24,000 BTUs 
daily) might be needed if the temperature were set to 55 
degrees (for example when no one was there, or when 
certain parts of the home were not in use). These projec-
tions contributed to his choices about the type of heat-
ing and electrical systems would be required in order 
to provide a reasonable quality of life in that particular 
location.

“Starting with those numbers, we tried to figure out if 
geo-thermal heating could meet those heat loads, espe-
cially if no one was there – the idea being that we would 
have propane and/or some sort of wood heat source as 
backups if someone was living there. It’s very easy to 
accomplish 32K BTU heat loads with a wood boiler, 
whether it is indoors or outdoors, in one 12 hour burn 
every 24 hours – in fact, that’s probably overkill. We 
would use propane as the backup if no one was there or 
we ran out of wood,” Wemple said.

“As far as the electrical system itself, basically a reason-
ably sized system (about a 6 kilowatt system) would 
probably cover all of the electrical usage, without geo-
thermal, for a typical family of four, with very efficient 
appliances and lighting, but no electrical for hot water, 
dryer, or cook stove – or a hot tub. The domestic hot 
water could be supplemented with solar thermal panels, 
but the others would need to rely on propane. So in our 
planning, we tripled that number to include a geother-
mal heat source and to be safe. The real issue is your 
battery size and what your electrical generation sources 
are. In my case I have a small hydro source to supple-
ment the solar panels, which gives me power 24/7 and 
is not dependent on the sun, but of course not everyone 
has that additional energy source,” he explained.

“In terms of photo voltaic energy sources (PV), we’re in-
stalling twenty-four panels, which will give us about 5.4 
kilowatt system, keeping in mind that I get about 12 
kilowatt-hours per day out of my hydro. In a super ef-
ficient off grid home with minimal electrical usage, you 
probably could get away without the hydro and just the 
same size PV system, as long as you had ample amount 
of battery storage (and a generator for backup for any-

The least amount of framing as possible

was used to minimize heat loss

Inverters and battery bank

before upgrade
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Off-Grid Living

thing longer than two days without adequate sunlight). 
With the hydro, I’m expecting to get away with less 
battery size and storage and also being able to run the 
geothermal most of the time,” he added.

“The whole fuel issue is fairly complex,” Wemple 
explained, “which is why for most folks this is not a 
do-it-yourself proposition. In order to optimize the use 
of each of the different heating sources, you need some 
kind of intelligent controllers to tell you that you’re 
running out of electricity (because the batteries are low) 
and to switch to propane and/or wood heat for awhile 
(i.e. until the sun starts shining or there’s an opportuni-
ty to recharge batteries, and so forth). These controllers 
should be as automatic as possible, programmed for dif-
ferent times of the year, when you would have varying 
electrical loads.”

For Wemple, it was exciting and challenging to set out 
to build a super efficient home, because although many 
of the solutions were out there, they were not yet as in-
tegrated into systems and strategies as they will be in the 
future. So in terms of the design, the result was original 
to the degree that it collected information and tech-
niques from a variety of sources and applied them to the 
task. “We ended up focusing on several rather innova-
tive things,” he said. “Primary among them was insula-

tion and insulation methods and strategies. With today’s 
technology, we can actually see where homes are losing 
heat, and it’s not just through the windows, or around 
the doors. Actually, there were two issues: How the heat 
escapes, and how the cold air works its way in. In the 
old days, you might frame with 2 x 6’s instead of 2 x 4’s, 
throw in or blow in some insulation, and assume you 
had it solved. But that approach didn’t really hold ‘heat’ 
so to speak, because it didn’t deal with the heat that was 
lost to the outside through the 2 x 6’s themselves, not to 
mention through all the nooks and crannies that people 
using such techniques might create in their design to 
make their house look more attractive to the eye. A far 
more efficient approach is to seek methods that use as 
little wood framing as possible, and to insulate those 
areas thoroughly, inside and out.”

Wemple’s research led him toward viewing the insulat-
ing process as if he were creating an insulation envelope 
around the home, both to keep the heat from escaping 
and the cold from creeping in. This envelope included 
not only the external surfaces of the home, such as the 
walls and roof, and some creative uses of foam board 
and other insulation techniques. But it also included 
some ‘groundbreaking’ thinking about the thickness and

All windows were padded out

to accomodate 4 inches of rigid

foam applied to the exterior

The floor slab is only 2.5 inches thick

for optimal heat storage and release

function of the foundation, including the slab directly 
under the living areas. “It became clear that in this set-
ting, where the ground temperature is quite cold year-
round, we needed to find a way to thermally insulate 
the concrete from the ground, while still retaining 
enough critical mass to support the structure and also to 
store and smoothly release heat into the house through 
radiant tubing installed in the concrete, itself. It took 
awhile to convince local providers to pour what our 
research had determined to be the optimal thickness of 
the slab for this application – 2.5 inches. If it’s much 
thicker than that, it takes longer and more energy to 
heat it up to start with, which can result in a waste of 
energy.”

A location was chosen with a southern exposure to take 
advantage of as much passive solar heating as pos-
sible. This affected placement and sizes of windows, 
for example, with the tradeoff being how much heat 
could be absorbed and retained in the house on a cold 
day with the sun shining, versus how much heat might 
be lost through the same panes at night or on a cloudy 
day. The size and actual design of the house was also 
critical. “If you just picture a square box with a nice 
45 degree angle sloped roof, typical colonial with no 
dormers, nothing jutting out, and no strange windows 
… that’s probably the cheapest house to build, insulate, 

and heat,” Wemple said. “To some folks, that approach 
is ‘ugly,’ but every time you make enhancements to that 
design, it gets just that much more expensive to build 
and harder to insulate. So you do have to decide how 
important energy efficiency really is to you, personally, 
versus living in a larger, more impressive dwelling. The 
fact is, bigger and more complex costs more … to build, 
maintain, and to heat or cool. So if you’re on a fixed or 
limited budget, smaller is going to be better for you over 
time,” he added.

“Which brings me back to why I am doing this in the 
first place. I already live in a spacious, beautiful home 
perhaps a mile from this one we’re building. It has all 
the nooks and crannies, juts, dormers, and strange 
windows. The cost of owning and operating a home 
like that is rapidly accelerating to the point where an-
nual costs for upkeep and utilities in general, plus taxes, 
have become burdensome, very quickly swamping the 
initial cost of building that home. So my own solution 
was to trade off a slightly higher initial cost of building, 
while I could still afford to do it, for reduced long-term 
operating costs that will save me enough to repay those 
extra costs within five to ten years, and beyond that to 
actually repay my costs for the entire project over time. 
I estimate that my annual utility costs for living in this 
new house will be less than $1,000 per year, and that 
cost will be for propane or electrical generation if or 
when I need it. Everything else will be covered. With 
luck, there may even be years when my little retirement 
place will put money back in my wallet! Wouldn’t that 
be great!”

Spray foam insulation is applied

to the roof system

Radiant heat tubes installed in

the Warmboard® subfloor
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Off-Grid Living

From Barn to Net-Zero Energy 
Home (Second in a Series)

In the first installment of this series, we introduced 
Don Wemple and his Bridgewater Corners, Vermont, 
project of converting a former barn into a retirement 
home which would have near-zero dependence on fos-
sil fuels for heat, and be off-grid in terms of electricity. 

The focus of this article is technical aspects of the 
project, some of which involved innovative implemen-
tation of construction methods rarely combined in a 
single project, yet all focused on the goal of creating 
and sustaining a year-round living environment that 
is both comfortable and cost-efficient. Working with 
Prudent Living Inc., of Windsor, Vermont, Wemple 
carefully researched a wide variety of issues and strate-
gies related to high-efficiency construction options, 
and designed into his retirement home as many of 
these as possible on his particular Vermont hillside 
site.

“The first thing we realized,” Wemple recalls, “when 
we set out to convert the barn into a home, was that 
its roof was facing east and west, not north and south 
(the latter being the most effective direction for both 
passive solar heating and roof mounted solar panels) 

even though it could have been oriented that way 
from the start. In the old days, when folks built barns, 
or even houses, they faced them in whatever direction 
seemed most convenient or reasonable, considering 
their access to the building and other factors. In addi-
tion, the original structure’s roof was not well insulat-
ed, and the cost of upgrading that would far outweigh 
the value of doing so. So almost from the outset, it 
was clear that if we were going to have a good, large, 
roof oriented the long way toward the south, we were 
going to have to design and build this prudent living 
home from scratch.” 

This glitch in the original plan presented opportuni-
ties for design that would not otherwise have existed, 
including considerations of what kinds and sizes of 
windows Wemple would want facing in each direction 
(to enhance passive solar heating in the winter) and 
also how long the roof overhangs should be, especially 
toward the south where he would want the windows 
shaded at noon in the summer and sun-scorched at 
noon in the winter.

From the foundation up, the project creatively applied 
the most recent theory and developments in insula-
tion technology and products in order to minimize 
heat loss through any part of the structure. 

From barn to Net-Zero energy home

High Performance Exterior Wall Framing Section

Typical for “Off-Grid” and “Energy Neutral Homes

(Plan View)

Spray foam insulation applied to the kitchen walls
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“Every piece of concrete, including the frost walls 
was completely isolated from the ground,” said Tim 
Biebel, Vice President of Prudent Living Inc. “We 
surrounded the slab with R20 insulation (R value 
is a measure of the degree to which something is 
thermally isolated; the higher the better). We accom-
plished this with two, two-inch layers of foam board 
underneath a relatively thin slab, which was chosen as 
we mentioned in the first article, because studies have 
shown that a thinner slab retains heat and releases it 

more efficiently than a thicker slab. As the diagram 
shows, the heating tubing is engineered right into the 
foundation and floor construction so radiant heat is 
available when needed from the floor, itself, and not 
just from a secondary source such as a wood stove.”

“When we got done, there was a continuous insula-
tion barrier all the way from the foundation to the 
roof,” added Paul Biebel, President and Founder of 
Prudent Living, Inc. “We minimized the amount of 
studs in the walls, and in the corners, so we could 
insulate out and around them all, in addition to the 
insulation that was designed into the walls themselves, 
as in ‘normal’ construction. We built what amounts to 
a ‘balloon’ frame, with the second floor hung on the 
inside wall so the insulation could carry continuously 
up from the floor without air loss or leakage between 
floors like in a typical house.”

THE 20-40-60 RULE

The net goal of these methods was to achieve an in-
sulation effect rarely seen in homes: R20 for the slab; 
R40 for the walls; R60 for the ceilings with airtight 
insulation. Most homes built within the past ten years 
in a similar setting, for example, most likely average 
R0 for the slab; R19 (fiberglass or cellulose) for the 
walls; R38 (fiberglass or cellulose) for the ceilings. In 
Wemple’s case, the net result is still a work in progress, 
because insulation factor targets of this magnitude 
are not as easy to accomplish as one might hope. “In 
a sense,” Wemple explained, “to get these kinds of 
numbers you would have to build a complete enve-
lope around the space you’re heating, and every single 
point of heat loss would have to be dealt with. Our 
case was actually complicated by the fact that there 
is a drive-in garage in our design, and we don’t want 
any air communication or heat exchange between 
the garage and the house. So we had to totally air 
seal those walls with foam insulation. If I had it to 
do over again, or advice to give to others, it would be 
not to have a drive in garage under any living space. 
An attached garage or parking space would be far less 
troublesome in terms of heat and safety (since the 
house above is super tight, you have to be aware of 
carbon monoxide, for example).”

Windows shaded

at noon in the

summer by deep 

overhang to keep 

home cool

Windows

sun-scorched

at noon in the

winter for

passive solar 

home heating

High Performance Exterior Wall Framing Section

Typical for “Off-Grid” and “Energy Neutral Homes

(Elevation View)

Cross section detail of

styrofoam against concrete 

foundation
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One thing in Wemple’s favor is that over the past few 
years, safer spray insulation has been developed, using 
a soy base, which he may be able to use to fill in any 
potential areas of leakage before he finishes off the 
interior. While it remains to be seen whether Wemple 
can actually achieve the 20-40-60 goal, it is clear that 
even when converting a barn to a home in a climate 
as harsh as Vermont’s, it is prudent to evaluate and 
implement as many energy-saving strategies and tech-
niques as possible, since everything adds up in terms 
of savings over the long term. 

THE BE CREATIVE RULE

While all methods used in the construction of 
Wemple’s house complied with local building codes, 
there was enough leeway to take a “road less trav-
eled” in relation to some of the techniques used. For 
example, it’s rare to find in Vermont a home that uses 
thirty-two inch on center studs, or a one-inch Styro-
foam barrier between the rafters and plywood roofing 
above. But it’s also rare to find a home that one can 
live in comfortably for next to nothing, for as long as 
one wishes. And one nice thing about the electrical 
setup was that no permits were involved at all, because 
the house is completely off grid, and will be supplied 
with all the electrical energy it needs via the solar pan-
els and the small hydro-electric system that Wemple 
has installed in the small brook adjacent to the site.

In Wemple’s case, the “road less traveled” leads right 
to his nearly net-zero retirement hideaway on a hill-
side in Vermont, where one is far more likely to see, 
on any given day, trout feasting on the current insect 
hatch in the pond a stone’s throw from his stoop, or 
some deer in the back meadow or a bear wandering 
through the orchard, than somebody’s noisy high-end 
sports car making some irrelevant point about con-
spicuous consumption. Such an automobile couldn’t 
navigate Don’s driveway, anyway! Which is fine with 
him.

Prudent Living Inc. is anxious to collaborate with 
likeminded builders committed to helping people 
think and live more prudently.

Off-grid solar array site behind home

Hydro-electric generator shed site

From Barn to Net-Zero Energy Home (Third in a Series)

by Don Wemple

This is the third article in a series focused on an off grid home being built in Bridgewater Corners, 
Vermont, by Don Wemple, a renewable energy consultant. Wemple’s goal was to reduce his living 
costs as retirement approaches, with a special focus on achieving near-zero dependence on fossil fuels 
and being totally off-grid in terms of electricity.

Thus far, the series has focused on the extensive research and planning invested in developing the 
building plan, which required the construction of an addition to the barn that Wemple had intended 
to convert to a home. This direction provided the opportunity to position the roof line of the addition 
for the southern exposure needed for maximum production of photo voltaic and/or solar thermal.

The project presented multiple design-related technological issues from the foundation to the roof, 
and everything in between, which Wemple addressed with the help of Prudent Living, Inc., of 
Windsor, Vermont. Some of the solutions which emerged involved innovative implementation of 
construction methods rarely combined in a single project, yet all focused on the goal of creating and 
sustaining a year-round living environment that is both comfortable and cost-efficient. 

This installment of the series features video clips in which Wemple describes and shows various 
sources of energy sources and storage options.

Solar (Photo Voltaic) PV & Micro-Hydro

Twenty-four 230 volt solar PV modules feed two Midnite Solar charge controllers. This system 
produces approximately 5.5 kilowatts of DC power to charge batteries, but only when the sun is 
shining! The PV modules are pole mounted on two nine foot poles. The modules’ angles are adjusted 
four times a year to maximize solar gain. 

A two kilowatt Harris Micro-Hydro turbine with 180 feet of head and between 30-100 gallons per 
minute, depending on the time of year and water, is installed in the small stream nearby. This system 
will reliably produce between 500-1,500 watts of continuous 48 volt DC power.

Solar (Photo Voltaic) PV Micro-Hydro
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Batteries

Twenty-four two volt cells (48 volt DC system 
voltage) Surette 450 Amp-hr batteries can provide 
approximately two days of reduced power with no 
sun, since the hydro unit delivers about 10-15 amps 
of continuous charging power depending on the time 
of the year and water flow conditions, even when 
the sun is not shining. A system powered with only 
solar PV would probably need to double the storage 
capabilities of the battery system. 

Controls

Four 4.4 kilowatt 240 volt magnum inverters installed 
in parallel. The master inverter #1 generally runs 
continuously with inverters #2/3/4 in sleep mode 
until additional AC power is required. A total of 
17.6 kilowatts of continuous power is available, due 
primarily to the use of the geothermal heat pump 
which consumes significant amounts of electricity. 
The typical house or camp without geothermal would 
probably need only two inverters (8.8 kilowatts, 
total).

Solar Thermal

Two evacuated tube solar thermal modules (thirty 
tubes each), mounted on the south facing roof are 
used to heat a domestic fifty gallon hot water pre-
heat tank. The solar pre-heat tank feeds the main 
HTP-Versa tank with solar thermal heated water. 
Additionally, a recirculation system transfers heat from 
the solar pre-heat tank to the main HTP tank when 
the sun has heated the water to 140 degrees.

Geo Thermal

A 2-ton Waterfurnace heat pump is used with the 400 
foot well (standing column design) as the primary 
heat source, especially during the March-December 
time frame. Water pumped from the well flows 
through a heat exchanger in the heat pump at five 

gallons per minute, removing about  five degrees of 
heat from the water as it passes and is dumped back 
into the well. Water is pumped from the bottom of 
the well with a variable speed three-phase 240 volt 
pump and controller and dumped back to the well at 
the 150 foot level. The cooled water is heated by the 
ground as it sinks to the bottom of the well. The same 
well provides domestic water. 

Hot Water Sources

Temperature of the HTP-Versa storage tank is 
priority controlled by sensors located in the tank. 
The solar thermal will heat the pre-heat tank and 
subsequently (through re-circulation) the HTP-
Versa tank whenever the sun shines, to a maximum 
of 180 degrees. The geothermal heat pump is next 
in line and will maintain the tank at 115 degrees. It 
is expected that the solar thermal will provide about  
90 percent of the summer heating needs with the 
geothermal making up the difference. In spring and 
fall the solar thermal should provide about 40 percent 
of the heating needs with the geothermal making up 
the difference. In the wintertime, the solar thermal 
will provide only a small fraction of the heating 
needs, with the geothermal providing about 50 

percent of the heating needs. If the tank temperature 
ever falls below 110 degrees, the propane boiler will 
automatically turn on and heat the tank up to 140 
degrees. This will occur if the geothermal cannot 
keep up in the dead of winter, or there is a long call 
for domestic hot water and the geothermal cannot 
provide heat fast enough.

Batteries

Controls

Solar Thermal

Geo Thermal

Hot Water Sources
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From Barn to Net-Zero   
Energy Home
(Fourth in a Series)

This is the fourth article in a series featuring an 
off-grid home being built in Bridgewater Corners, 
Vermont, by Don Wemple, a renewable energy con-
sultant. Wemple’s goal was to reduce his living costs as 
retirement approaches, with a special focus on achiev-
ing near-zero dependence on fossil fuels and being 
totally off-grid in terms of electricity.

This installment of the series summarizes the per-
formance of the heating and electrical systems and 
details how the various sources of energy generation 
and storage options performed, especially during the 
winter season of freezing outdoor temperatures and 
low sun irradiance for electric power production.

How Well Does it Work?

The winter of 2012-2013 was a great test of this low 
energy home, with very typical temperatures and 
combination of sunny and cloudy, snowy days. Since 
the heat loads were so low, outdoor temperature 
seemed to have minimal effect on the amount of time 
the geothermal heat pump ran and consequently the 
amount of electricity needed to power the heating 
system. The operation of the facility can be divided 
into two categories: sunny days and cloudy days. 

On sunny days and even on partly cloudy days, and 
even in January, Wemple had more power than was 
needed. By noontime, the passive solar heating from 
the large south facing windows had boosted the room 
temperature a couple of degrees above the 65 degree 
setpoint. Also, the solar thermal panels had heated 
the domestic water pre-heat tank to 140 degrees and 
started the recirculation pump to begin heating the 
main HTP-Versa tank. Usually by the end of the 
day both tanks had been heated to 140 degrees, even 
though some heat had been distributed to the radiant 
floor heating system. The geothermal heat pump was 
not needed until well into the night. Additionally, 
by noontime the solar photovoltaic (PV) panels had 

completely charged the batteries and run all applianc-
es, lighting, and heat distribution. For the afternoon, 
at this point the power the PV panels were generating 
was largely unneeded and unused. 

On cloudy or snowy days, very little passive and solar 
thermal module heating occurred, so the home had 
to rely almost completely on the geothermal heat 
pump for heating and hot water, which used a lot of 
electricity. Since there was very little electricity being 
produced on such days from the PV modules, the 
home was almost totally reliant on the micro-hydro 
(~1Kw continuous power generation in winter) and 
on sufficient battery storage. The geothermal heat 
pump generally operated for about twenty-four hours 
before shutting down due to low battery voltage with 
automatic shut down of the heat pump at 50 percent 
battery storage level. This left sufficient electricity to 
run lighting and other appliances. At this point the 
heat system had to rely on propane (in the future, a 
wood boiler or woodstove) for heating the home. The 
backup generator was not needed all winter. About 
fifty gallons of propane were used from December to 
March.

Summary and Plans

The above operation would be typical for a vacation 
home with minimal usage, since no one is currently 
living in the home. There will be some additional 
considerations for full-time living. Additional elec-
tricity will be consumed for lighting and appliances 
such as refridgeration (installed but not used much 
yet), washer, dryer (propane), cookstove (propane), 
and hot water usage. However, since well over half 
the electricity was used to power the geothermal heat 
pump, the addition of a small wood or pellet boiler 
(only needed on cloudy days) should enable several 
days of electricity availability from the battery storage 
and micro-hydro turbine. Additional battery storage 
will also make good use of the extra available power 
on sunny days. Finally, late spring, summer, and early 
fall will require very little geothermal heat pump 
operation (domestic hot water only), so there should 
be plenty of electricity for all conditions. 

Solar Hot Water

Solar PV Arrays

From barn to Net-Zero energy home
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A couple stopped by my office a while ago. They 
were interested in building a new house and 
wanted to know what it would cost. They didn’t 
have a plan or any idea what they wanted. They 
had looked at some existing homes and they also 
had their eye on some land and were trying to 
make a decision as to which route to go. They 
had a strict budget and wanted to invest wisely. 
They realized that the times are changing and 
they were very concerned about investing their 
hard earned money into a home that was energy 
efficient. I was impressed that they had actu-
ally determined that it might be wise to spend 
money in places and on things they couldn’t see 
and play with.

It was delightfully different to see that these 
potential home-builders were concerned about 
how much it would cost to build a new home 

with all the conservation bells and energy-
efficient whistles. They wondered which options 
they’d be able to incorporate into the design of a 
new home even if they only built them in with 
the idea of upgrading later should their current 
funds not allow them to do so right away.

I explained the benefits of investing into sus-
tainable strategies, most of them based upon 
the foundation of what is called building per-
formance sciences. We talked about closed 
cell foam insulation and thermal barriers and 
heat losses, BTUs and kilowatts and renewable 
energy options, and how over thirty years their 
operational savings would most likely be at least 
$100,000 (mostly likely a lot more). But at least 
as important, their prudently build home would 
be more likely to have a higher retained value 
over whatever period they might own it.

In the old days, I said, when most houses were 
built with more or less the same materials and 
methods, the resale value of similar homes in 
the same locale was affected mostly by market 
trends. But things have changed … forever. Let’s 
say that, ten years from now, somebody wants 
to move into this area, and is looking to buy a 
house. Two houses catch their eye. Both have 
great curb appeal. They are located in the same 
neighborhood and sit beside each other on adja-
cent lots. From the outside, it is clear that they 
are extremely well built. Likewise, their interiors 
are equally attractive. Both houses have been 
meticulously maintained and there is virtually 
nothing wrong with either of them. One is your 
house, the one we’re discussing today and you’ve 
put up for sale, and the other is the house that 
somebody else had built next door, just after you 
moved into yours.

Your house was built using sustainable strategies 
and the other was not. Last year your neighbor’s 
house consumed about $3,500.00 in energy 
costs while yours generated almost all of its own 
energy. Yes, your neighbor’s house cost perhaps 
10 percent less to build than yours did, but 
in the ten years since both homes were built, 
energy costs have increased significantly, and no 
one can predict where future prices are headed 
(except that they most likely will not go down).

Now suppose you are those buyers, you’re on 
a fixed income, and you’re standing across the 
street from both homes with a real estate agent, 
after all the tours have been taken and all the 
relevant facts have been revealed. In the old 
days, the buyers’ question was, “Which of these 
would cost less to buy?” From now on, the ques-
tion is going to be, “Which of these will cost less 
to own?”

In the old days, the buyers’ question was, “Which of 
these would cost less to buy?” From now on, the question 
is going to be, “Which of these will cost less to own?”A Tale of Two Houses

by Paul Biebel, President – Prudent Living, Inc.
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Prudent Living Homes Process

Your Home Built 
with Tomorrow  
in Mind.

With 40 years of history 
as a design/build firm, we 
recognize the value of trust, 
confidence, and clear com-
munication as part of our 
relationship with a client. In 
this regard, we have outlined 
5 practical steps to building 
a Prudent Living Home.

1. Meet and Greet

• Develop Trust – Let’s get to know   
 each other.

• Let’s meet at your proposed house   
 site…our office or yours…to begin   
 ‘building the dream’!

• We’ll share ideas on how we begin to  
 make the dream a reality!

2. Formalize the Relationship

• Review your sketches or ideas, and a   
 portfolio of our work

• Create simple drawings with our   
 team

• Sign a “Letter of Intent” – a design/  
 build agreement that outlines   
 the cost structure

3. Design Process

• Complete rough draft of initial plans

• Review and make changes

• Quote project (2-3 weeks)

4. Build It!

• Secure Permits

• Manage site work

• Construct your home

5. Completion!

• Final Inspections

• Punch list items

• Hand over the keys!

Building a Prudent Living home is a commitment to achieving a high level of 
performance and energy independence through purposeful design. A home that 
bears the Prudent Living seal is more than a house with a little extra insulation. 
It’s a thoughtfully designed, inviting, beautifully crafted, high-tech home that is as 
energy efficient and practical as it is carefully constructed. It’s a home that shouts 
“prudent” all year round because of all the forethought that went into its design.

While no one can predict all their future housing concerns, when you build your 
new home, energy consumption will be at the top of the list. Prudent Living 
high-performance and net-zero homes are custom designed to lay those fears to 
rest. Cool in summer, warm in winter, easy to live in without worry or waste. Your 
friends will be in awe.

Give us a call, so we can share our passion for energy efficient construction with 
you, and you can describe your home-related hopes and dreams to us. We can’t 
wait to work with you to make them all come true!

For more information, please contact Steve Usle at Prudent Living, Inc. He can be 
reached at 1-866-924-3235 x 104.

Preview our Portfolio at www.prudentliving.com/portfolio
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