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A Very, Very Fine House: Saving Energy in Residential Buildings

Residential savings may be the best known, and are certainly the most mature renewable
energy technologies.

Climate control in new homes can easily be reduced from the average U.S. standard
through high levels of insulation without thermal bridges, tight seals, high-quality single
pass ventilation, and high efficiency windows. In Germany, Jürgen Schnieders conducted
a study of various "Passivhuas" (passive house) buildings213 in Germany, documenting
that on average they saved 90% of heating and cooling costs compared to U.S. averages,
while adding about 10% to construction costs. That is easily recovered (with interest)
over the course of a 15 year mortgage or by slightly higher rents that will still save
tenants money in lower utility bills.

In existing homes we can save less, around 60%, by weather sealing to one air change
per hour, insulating attics, floors, and ducting, and installing modest window forms of
window insulation – such as window insulation kits, tinting or insulated drapes.

On average in the U.S. a 60% reduction would save about $400 per year214 . Capital costs
for the saving will run between $1,000 and $3,000. So energy savings provide an eight
year simple (interest free) payback; add interest to provide a 6.5% real rate of return, and
this stretches out to twelve years. You can shave a bit off this by timing such remodeling
close to the time you have to replace your furnace, (and air conditioner if you use one).
After insulation, you can buy a 30% to 50% smaller furnacei, at 15% to 20% less -another
$200 savings; price differences between larger and smaller air conditioners will result in
similar savings.

You can go further, retrofitting anything you would install in a new home, but while it
may improve your home air quality, and show social responsibility, it won’t pay for itself
in money.

This is not just something that can be done; it is something that has been done.

The NAHB Research Center, Inc. did a study for the National Renewable Energy
Laboratory documenting a gut rehab that saved over 80% of heating and cooling energy
cost effectively215.

When it comes to new homes, more than 5,000 such homes have been built in the EU -
including some in areas of Finland well north of Alaska.

iYou have to size your furnace for peak not average usage –so can’t cut by as much as your total energy
savings.
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Professor Soontorn Boonyatikarn in hot humid Bangkok, Thailand built a home that uses
1/15th the overall energy of a normal upper middle class Thai home216. Its air
conditioner is one quarter the tonnage of a normal Bangkok air conditioner for a home
this size. This home cost about $124,000 to build, normal for a Thai home of it's size in
his neighborhood. Amory Lovins claims that total cooling requirements are about 10% of
average217.

In the same book, Amory and Hunter Lovins and Paul Hawken suggest the
headquarters/residence of the organization the Lovins run and live in as an example:

Rocky Mountain Institute headquarters in Colorado is at an elevation of 7,100 feet. It gets
as cold as -47 degrees F in this location. Amory Lovins claims they saved 99% of space
heating energy, and used 92 percent efficient heat recovering ventilators, and that they
saved construction costs over conventional techniques.

We can demonstrate similar savings for domestic water-heating - after climate control the
next largest energy consumer in the home - 17.28% of residential use218, adding $207 per
to the average yearly bill219. A systems approach to water energy savings will include
water savings as well; in 2002, the average annual price of water and other public
services was $326220. Estimating $25 a month of this as trash removal cost means that
water & sewer charges ran about $300 per year. So, combined water, sewage, and water-
heating dollars total around $507 annually.
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To improve efficiency in both water use and water heating, we might do the following:
Expense Description Cost Savings/Comment

Non-emergency scheduled plumbing labor $210 Quote from local plumber.
Find & repair all leaks - additional materials $25 100%
2 bathroom tap aerators to lower flow from 2.6
Gallons per Minute (GPM) to .5 GPM

$7221 80% savings over 2.6 GPM
average

1 kitchen tap aerator to lower flow from 2.6 GPM
kitchen sink to 1.1 GPM

$1.50222 ~58% savings over 2.6 GPM
kitchen sink average

2 Stepflow kick pedal sinks controllers $270223 50% savings
2 Aqua Helix low flow showerhead nozzles to
lower shower flow from 2.5 GPM to .5 GPM

$60.00224 80% savings

2 Microphor 2 quart (1/2 gallon) compared to 2.6
standard "low flow" toilet in most homes
(note: new toilets in U.S. cannot exceed 1.6
gallon flush - but a lot of existing ones are 2.6 and
even five gallons - so a 2.6 gallon average is a
LOW estimate.)

$1,078225 80% savings

Whole house drain heat recovery system -
recovers heat from discarded hot water to raise
temperature of cold water fed to water heater.

$240226 55% energy savings only

Difference between energy efficient dishwasher
(ASKO D3350227)and standard228 at normal
replacement time (ISO certified for 15 year
lifespan229

$333230 45%

Difference between energy efficient washing
machine(GWL11231) and standard228 at normal
replacement time

$220 78%232

Landscape water conservation (drip or micro-
sprinkler irrigation system) combined with more
efficient landscaping. (Watering at right time, rain
gauge to avoid over-watering, building soil to
reduce runoff, plants with same water
requirements in same place, avoid watering
sidewalks, driveway etc.)

$400233 50%

SubTotal $2,844.50

So now we can figure our heat and water savings. Note that while most of the savings
apply to a particular appliance or sector of household water/hot water use, the whole
house drain heat recovery system apply to all water heating.

How much do these savings total?
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Given the distribution of water use, the measures we outlined would reduce hot water
consumption234 (and therefore hot water energy) as follows:

Means Savings as % of source Savings as % total consumption
Faucet - 34.3% Assuming kitchen sink uses 75% hot

water, we save 58% of kitchen sink
hot water, and 85% in other two sinks
for a total savings of 64.75% of sink
hot water use.

22.21%

Dishwasher - 3.6% 45% 1.62%
Clothes washer – 15.5% 78% 12.09%
Bath - 16.7% No savings
Shower - 25.1% 80% 20.01%
Subtotal 55.93%
Leak Repair – 4.08% of remaining
44.07%

100% - We fix all leaks 2.12%

Subtotal Hot water savings 58.05%
Subtotal - hot water energy
savings

Standby losses (due to water
heater running even when no hot
water used) means energy net
savings are lower.

46.40%

Drain Recovery System Gross savings 55% Less than 18.5% neti

Subtotal (energy) Less than 65%
Tankless water heater heats water
only on demand – when hot water is
used.

Saves almost all remaining energy use. Tankless water heater are more
expensive than conventional, but thanks to reduced demand, when current
heater wears out you can buy a small tankless for the same as the old storage
heater it replaces235 ;236

Total Energy Savings ~85%

The same measures reduce water use as follows72:

Category Percent
use

Percent
savings

Total

toilet flushing 20.91% 80.00% 16.73%
Bathing 17.95% 48.00% 8.62%
Cleaning 9.28% 70.00% 6.50%
Sinks 3.06% 64.75% 1.98%
Outdoor 32% 50.00% 16.00%
Subtotal 49.82%
Leak repair then saves 4.8% of remaining use 2.41%
Total 52.23%

i From 55% to 18.4% is a big drop. Remember we have already reduced hot water consumption by 46.4% -
so it can only recover heat from ~53.6% remaining. A GFX heat exchanger can’t do anything about
standby consumption –which remains about 20% of original (not reduced) consumption; so that leaves
slightly under 33.6% available to actually apply that 55% recovery to. 55% of 33.6% is slightly under
18.5%.
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So we save 52.23% of water inflow and sewage outflow, and 85% of water heating
energy use. Given the values we looked at for costs ($207 for heating, $300 for water and
sewer), at a 6.5% discount rate, the present value of these savings over a thirteen year
period is around ~$2,860 - a trivial gain over $2,845. Thus, we can save ~85% of hot
water cost, and around half of water consumption at around zero costs, or a very
miniscule gain. Aside from the social benefits we do have some additional personal
benefits as well. Water saving dishwashers and washing machines also save soap. Ultra
low flush toilets actually tend to have fewer jams, need fewer double flushes, and have
fewer plumbing problems in general than standard low flush ones. Tankless water
heaters occupy less space than standard ones, last longer, and are easier to repair. Kick
pedal sink controls help slow disease transmission within the home, and also provide
convenience when your hands are full. (In fact most kick pedal sink controls installed
within homes are installed for these reasons and not for the purposes of water savings.)
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The following table lists the climate control and water heating savings above, along with
potential savings from other water appliances:
Residential Savings % Total

Consumptio
n

% We Save of
This Type

Net % Savings Average Net Present
Value (NPV) of savings

Heating, Cooling, and
Ventilation

53.05% New -90%
Existing-60%

Total-70%

New-47.7%
Existing-31.8%

Total-37.1%

New-$2,870
Existing-$1,903

Water Heating 17.28% 85% 14.68% $20

Refrigeration
(Wuppertal refrigerator85) –
as described in section on
material intensity a built in
refrigerator freezers,
constructed on the spot
rather than shipped may
incorporate more insulation
and more efficient heat
pumps and motors – greatly
increasing operating
efficiency.

5.69% 78.10% 4.44% $128

Other Appliances, Lighting,
and Phantom Loads
(Compact fluorescent lamps
237, Washers with better spin
dry cycles to reduce
drying238, Gas/Propane
rather than electric dryers239,
moisture sensors240, most
efficient cooking appliances,
turning computers off when
not in use, LCD monitors,
turning on energy saving
feature, power strips on
appliances to cut off
phantom loads)

24.07% 51.85% 12.48% $345

Total New 79.36%
Existing 63.44%

Total 68.75%

New $3,370
Existing $2,405

Total $2,860

If you look at amount of energy consumption remaining and the NPV of the savings, you
will note that after these investments are made homeowners and renters will break even
buying renewables at around double the price of fossil fuels. In other words, the price we
pay per amount of energy would increase – but because we would use so much less, our
total energy bill (including payments on more slightly more expensive homes and
appliances) will be less than at present.
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Part II Table 9 United State Electricity Production From Combustible Fuels in Electricity Plants"

So dividing the electricity consumption in both gas and electric dryers by 36.47, and then converting both
to therms or both to kWh as you please, you end up with a 35.47% savings.
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