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From The Editor’s Laptop

by Larry D. Barr, Editor
Don’t Be Afraid To Start Small

When | wasliving in the Sierrasin Northern Californiayears
ago, | heated entirely with wood. It took between seven and
eight cords each winter to keep icicles from accumul ating on
the overhead, and the family from shivering through lifeinthe
mountains.

L ate spring marked the beginning of the time to start collect-
ing next winter's wood and | well remember the feeling of
walking out each year, freshly serviced chain saw in hand and
wondering where to start. The pine beetles had chosen our
area as prime vacation country and there was never a short-
age of standing dead pines. A large oak or two had aways
succumbed to the ravages of winter and so the 300 acres
always provided the necessary hardwood as well.

Inaclassicreversal of theold cliché, it wasdifficult to seethe
treesfor theforest, and the only way to get started wasjust to
find the closest candidate for next winter's BTUs and lay it
down. The same principle appliesto energy self-sufficiency.

Asyou know, | currently liveon-gridinasmall (700 ft?) house
intown. My ultimate goa isto find aplot of land out of town
and go back to off-grid living. But | can’t do that right now.
The finances just aren’t there. So, I'll have to scale back,
rethink the situation and start working toward energy self-
sufficiency inthe housel’'min.

It's not as easy in the city. You can't fly a wind generator
because of al the treeslovingly planted by the city founders
years ago, and there’'s no way to get a permit to put up a
tower that will clear them (even if you could afford it), Those
same trees that shade the west side of the house in the after-
noon a so limit the hours of effective sun for the PV panels, so
you have a bit of a problem powering the whole house on
renewable energy sources.

Herewherel livein North Central Texas, air conditioningisa
necessity in aconventional house. It requires ahome specifi-
cally designed for the climate to survive here without it. An-
other obstacle to energy self-sufficiency in town. So, what's
the answer for those of us who, in spite of the obstacles, are
working toward energy self-sufficiency?

Start small! There'sno shamein starting small. The only shame
isinnot starting at all.

My personal starting point is going to be my two-level desk/
command center. You saw apicture of it acouple monthsago
in my article about 12VDC laptops. I1t's simply an old desk
that was given to me several yearsago. It got abit small, so |
added ashelf toit to hold my computer printer, the9” AC/DC
TV/DVD, speakers, externa HDD and the phone and an-
swering machine. The laptop and its various accoutrements
sit onthelower level, leaving afair amount of room for graph
paper (I can’t think without graph paper), acalculator and the
occasional cold adult beverage. I’ m going to begin my quest
for energy self-sufficiency with the desk. If | don’t get the
rest of the house in order before | find the perfect piece of
land, at least the command center will be ready to go when |
am.

| spend alot of time at the desk and it’sthe most logical place
to start my endeavors. So, here's the plan. Don't worry, rest
assured that I'll keep you advised of my progress on the
project in the pages of ESSN. OK, now turn the page to see
my plan ...
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I’m going to set up the desk so that it will run equally well off
either 120VAC or 12 VDC. That'll take a little extra bit of
doing since the LAN router, the printer and the DSL modem
don't run off native 12VDC. So, I'll be using asmall inverter
to run those devices. The plan calls for a 120VAC power
supply sending 13.8VDC to aWest Mountain SuperPWRGate.

The West Mountain device acts as both atransfer switch and
a battery charger. The battery will be a PowerSonic 12 volt
100Ah sealed lead-acid (SLA) unit and will ordinarily be
charged by a pair of Uni-Solar US-64 (64 watt) amorphous
PV panels. When the sun doesn't get the job done, the power
supply takes over driving the charger in the SuperPWRGate.

| currently have a 300 watt modified sine wave (MSW) in-
verter from MPJA . I'll usethat initialy. If any of the digital
gear gets fussy about the M SW and demands true sine wave,
I'll try a Samlex true sine inverter from Backwoods Solar.
I’'mthinking the M SW unit will do thejob, since Steve Spence
is running similar equipment on an MSW inverter. Another
option for those units may be acouple of voltage regulatorsto
drop the voltage from the battery to what those devices need.
The 12VDC devices on the desk will be supplied through a
West Mountain RigRunner 12V DC distribution center, also
from PowerWerx.

When the project is completed, the command center will be
totally functional on either renewable 12VDC power or
120VAC from the grid. Once | finally get off-grid again, the
120VAC capability of thedesk will only be utilized in theevent
of ano-wind, overcast for days, situation when | have to fire
up the biodiesel genset. And that will just be to charge the
battery.

And, in the meantime, I’ ve made a start.

| encourage you to do the same. Look around your home, find
a place to start, and begin your conversion to energy self-
sufficiency. It needn’t be a major undertaking, even a small
project will confirm your dedication and giveyou afeeling of
accomplishment. The most important thing that we can do is
to actually begin to implement our transitionsto energy self-
sufficiency. Don't be dismayed by the immensity of the total
project. Start small. Take one step at atime, always planning
ahead so that what you' re doing now will contribute to the
fina goal. You' Il bemaking incremental progresstoward off-
grid living. And that’s why we' re here.

Join me in making progress toward our goal of energy self-
sufficiency, conserve resources, and attempt tolivelightly on
Mother Earth. Reduce, reuse, recycle. It'snot just aphrasein
apublic service announcement —it’s our future. I[db

FEnergy Self Sufficiency Newsletter is publishedﬁ
monthly online at www.rebelwolf.com. The pub-
lication is free and unlimited printing and distri-
bution is encouraged for the benefit of the re-
newable energy community. All contents are
Copyright 2005 by Rebel Wolf Energy Systems.
Please contact us for reprint permission. All
printed copies and electronic distribution must
contain the entire publication including this no-
tice.

\&

essn@rebelwolf.com

a )

Circulation Info
ESSN exceeds 21,000 downloads!

After only seven months of publication our circulation,
measured by downloads of the PDF and HTML files,
exceeded 21,000 last month for the first time. As the
word of our existence spreads, and our content increases,
wewill continueto share our experiences (and yours) in
off-grid living and energy self-sufficiency with folks
around theworld. Thanksfor your interest and your sup-

port. ldb
\ Y,
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11 STOP PRESS !

@ )
ESSN EDITOR SELECTED AS MENTOR FOR

BizWomenAfrica.org

ESSN Founder and Editor Larry D. Barr was sel ected as an El ectric Power Men-
tor for BizWomenAfrica. BizZWomenAfricaisan organi zation dedicated to empow-
ering, inal wayspossible, thecitizensof Africawholiveinremotevillageswithout,
inmany cases, running water or electricity. Barr wasinterviewed for thewebsite
and stressed theimportance of smplicity and creativity inbringing 12V DC power
to theseremote areas. Theinterview ison the BizWomenAfricawebsite at
http://bizwomenafrica.org/id342.htm

BizWomenAfricais seeking mentorsin all areas of expertise. Thosewilling to
contributetheir time, knowledge and skillsmay |earn more about the project at
http://bizwomenafrica.org/id84.htm
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More On Methane
Al Rutan, the Methane Man

©1992 Al Rutan

First printed in
Home Power #27 « February / March 1992 Alternative Fuels

In the last issue of ESSN, Al's first article ‘Prologue to
Methane Gas praised the ease with which methane is
used — merely turning a valve to have instant vapor
fuel. It takes so little effort. If gas is so easy, how does
fifty pounds of stuff get pushed around without any ef-

fort? Aw...you caught the inconsistency!

That article says that we need about 50 pounds of waste daily, a
mixture of manure and carbon material to feed the digester that will
turn this material into about 200 cubic feet of gas.

The focus of this article is just this problem. As anyone who has
done any kind of homesteading knows, there is a hard way and an
easy way to do every job. Part of the endearing quality of American
ingenuity is to see how people can approach a task that is down-
right tedious, and by some clever manipulation, make it easier.

Easy is Better

Thisreally became alesson taken to heart while living at Red Lodge,
Montana. | was in the middle of a project raising rabbits for market —
lots of them, about 200 breeding does producing litters.

Feeding and watering this number was a time-consuming chore. |
made hoppers for the hay and feed pellets early on, but providing
abundant water was a drag. | upgraded from water dishes to water
bottles with a valve. This was an improvement in cutting down the
labor. The big jump was to a system of watering valves fed by little
plastic lines from a central tank with afloat valve to control both the
water level and pressure on the water lines.

In one situation, the water was put into 200 little water bowls which
were constantly being spilled or fouled with waste. In the other,
water was supplied by a small pipeline with drinking valves in each
cage. The result was the same — water to drink, but the effort needed
was totally different. The two situations accomplished the same
effect — abundant fresh water.

i r‘j_-_.':['._l_. ik, e
£ ALwitha small Digester

Consider the Critters

There is another consideration that must be brought to mind at this
point. In the methane process, we are working with living creatures.
Therefore a moral dimension must be considered if we are going to
achieve a measure of serenity for ourselves in this whole process.

To have a genuine sense of well-being about the entire operation,
the animals and the space for which the person is responsible must
have an ongoing atmosphere of serenity. If this sounds a little bit
like St. Francis of Assisi, well, so be it and no apologies. The pur-
pose of life is not merely accomplishment, but accomplishment in a
caring and respectful way.

As people, we harness the work of creatures. Some may maintain
thisisnot right. | don’t agree. | do feel strongly that the animals with
which we work and upon which we depend do have the right to a
reasonable quality of life. So at this point we are talking about ani-
mal rights. The concept of animal rights means different things to
different people. To me, it means that an animal has a right to a
reasonable quality of life. An animal hasaquality lifewhenit feels
good about itself. Thisismost clearly evidenced by grooming. Ani-
mals, if they feel good about themselves, groom themselves and
their friends.

Quality of Life

Death for an animal, or aperson for that matter, is not the worst thing
that can happen. Quality of life while something is alive, be it plant,
animal or person, is of maor importance in the scheme of things.
One who homesteads can not be mentally well off if such apersonis
not sensitive to the quality of life of the living things around the
homestead. Are the animals feeling good, as evidenced by their
grooming?

Continued on next page
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A Dilemma

Now, why make a point of this if we are talking about methane and
manure? We are faced with a dilemma. On the one hand we want to
collect waste with the least effort possible and do it as automatically
as possible. On the other hand, we need to have a measure of sensi-
tivity to the needs and quality of life for the animals on which we
depend.

If the animal wanders about freely, it will be very difficult to collect
its waste. On the other hand, if the animal is tightly caged or tied, its
quality of lifeis virtually nil. So what's the answer?

Somewhere there is a middle ground. Chickens, for instance, do
most of their pooping while they are perched at night. Milk cows
leave a quantity of used grass in the gutter while being milked or
held in the barn during the night.

Hogs that are totally confined don’'t have much of alife. Hogs that
are confined only through the night will leave a good share of their
waste behind when penned only part of the time.

Chickens do not do well housed on hardware cloth because their
natural inclination is to peck and scratch. I’ve seen a roost system
where the area under the roost was wired with large chicken wire
mesh. The chickens could not get to the manure to disturb it after a
night of roosting. They were free to roam at will during the daytime.

Slatted floors are useful for both hogs and cattle from the stand-
point of cleanliness if the animals are not required to stand on them
at al times. In al these design considerations for an enclosed area,
the needs of the animal must be considered if we are to have happy
animals.

Moving the Material Whilelt’sWarm

It is the matter of manure itself. How can a person move it with the
least effort possible? Manure delivery systems have been devised
for various types of critters, except the horse. To my knowledge,
there is no device more automatic than a scoop shovel for cleaning
out a horse stall.

If one DOES have animals, the feces HAVE to go somewhere. So at
that point it makes a great deal of sense to turn the waste into vapor
fuel (methane) and compost.

When the waste comes out of an animal, it is at exactly the right
temperature — body temperature. As it lies on the ground, it cools
off. This cooling during the cold time of the year is severe. The
sooner the waste is transported from the animal to the tank the
better. If the waste loses heat, then the heat must be restored to
have the methane digestive process occur in the best manner pos-
sible.

This brings us to the biggest challenges in the entire methane pro-
cedure. How do we gather the manure to begin with? How do we
gather it as soon as possible after it leaves the animal and before it
cools down?

Gravity Worksfor Free

There are two natural forces that work well for us. One is gravity and
the other is water. In rolling countrysides, barns are commonly built
on hillsides. The hayloft is easily accessible by simply driving in
rather than having to go through the labor of hoisting every bit of
hay with some kind of sling mechanism. The hay is forked down to

the animals below, using gravity. ?\D\,__‘

e

~ MAVEE AT wdTER = j'L.g,.-.h'g?J
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" GRAVITY FED DIGESTER,
!

The more that gravity can be utilized for tasks the better. The animal
walks around. It can walk up as well as down. If the housing for the
animals can be above the digester, then this saves work.

Water has long been used for transport. Since the development of
the flush toilet, in the 1850's in England by Mr. Crapper (no
kidding...that really was his name!), we have been using water to
move feces.

Using water has a problem. What | am going to say now is exceed-
ingly important. Many an engineer and university professor work-
ing with the methane concept cannot seem to grasp a simple fact. It
is the nature of liquid — especially water — to release heat. When
water is heated, it will not retain its heat. We say, “It cools down.”

Water Must BeWarm

If we are going to use water in the process of transporting manure,
and have it work well, we must understand that water cannot be
allowed to stand around waiting for the waste. Warm water can and
certainly should be used to wash down a gathering point below a
datted floor. The gathering point had better not be a holding pit in
the ground because the whole thing will cool off to ground tempera-
ture. Another consideration is that in a pit the methane activity
begins right away, so animals above a pit are breathing contami-
nated air. This is why holding pits MUST have ventilation fans if
they are under confinement areas.

Continued on next page
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Think in Terms of Free Energy

How does one have warm water with which to transport? Each loca
tion will have its own plusses and minuses in working out this
design problem. A person has to consider al the ways of capturing
“free” thermal energy — solar, wind, whatever, and applying it to the
situation at hand.

We're most likely looking at periodic washing down of a gathering
area with warm pressurized water. This will both increase the force
of the wash and cut down on the amount of warm water needed. The
more automatic the concept can be and the less labor intensive, the
more of aideal situation a person can enjoy.

e
Y7

Do We Really Need Animals?

So just how practical is the thought of having animals around a
homestead? The trend is increasing for relying less and less on
animal parts for human food. Folks tend to become more and more
vegetarian. We till need the family mule to plow the garden, a few
milk goats for the delicious and healthful treat of fresh goat’s milk, or
a few sheep to produce wool for hand spinning and the cottage
loom. There is wisdom in involving some kind of animal support in
our homesteading.

Farmers who raise nothing but corn are still hooked into the food
“grid” when they drive to the store for their butter, milk, and eggs.
Our great grandparents would shake their heads!

Al Rutan

S,
24l b
el m e
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SIMPLY EV's

| hope to show you in this article how to make your own
Electric Vehicles (EV’s). Electric vehicles are fun, useful,
easy to build and low cost. Some will be street legal, others
designed for utility, and somewill bejust plain fun!

A simple, moderate-speed three-wheeler (or ‘trike’) motor-
cycle design was chosen for those who need good transport,
errand running, or commuting at areally low cost. It can be
designed with atop speed of 25 to 60 mph depending on how
you set up the drivetrain and electrical system.

Asfor fuel, it costslessthan half acent/milefor electricity to
runit! That'sequal to 400 mpg or more at present fuel prices,
and about 150 mpg with battery replacement cost over the
long haul included!! Furthermore, it could easily bere-charged
by awind generator or solar panels, depending on how much
you drive and your renewable energy (RE) system output.

The easiest, cheapest and most useful is a 40-45 mph EV
with about a40 milerange, and thisiswhat will be described.
It'II be useful for local shopping, or anything else that takes
your fancy! Feel freeto modify itinany way youwant, but if
you are new to 3-wheel ‘trikes’ or EV's, it would be smart to
join one of the great groups on the web that can help you
modify it safely and correctly.

Good handling demandsthat the wei ght on each wheel should
be equal with the driver on board, and the batteries should be
mounted as low as possible, with about half of them in front
and half behind the main rear axle (thetransaxle). The motor,
driver and the front end of the vehicle provide the balancing
weight at the front and, if necessary, the weight distribution
can be trimmed by moving some of the front batteries a bit
further forward.

by Jerry Dycus

A very cost effective option is to use a golf cart transaxle.
These are very reliable and can be found cheap to free al-
most anywhereinthe USA. Similar rear axles may be found
on many other types of small vehicles elsewhere.

Look for old golf cartsthat are being junked becausethey are
rusting to death, or just sitting unused merely because they
need a new battery pack. Either way, the owners don’t want
to put money into such equipment and you should be ableto
getit for next to nothing. Try to get onewith the highest power
you can in horsepower and rated amps. The more, the better.

The one shown in the pictures is2.2 hp, asmany are, and is
good for 45 mph at higher voltages than rated. Electric mo-
tors are quite easy to work on and safe to hotrod or rebuild!
Be sure to get any controllers, solenoids, resistors, battery
chargers, wires, reverse switches, etc. as part of the ded, for
they will probably be very much cheaper than buying them
new.

Continued on next page
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Don't worry because it’s old equipment, for EV components
even as ancient as the 40 year old one shown —if not older —
till have decades of life left in them. | pulled a 40 year old
one that sat under a parrot cage for 10 years and replaced the
tires, put in two 12 volt batteries, then totally freaked out the
former owner by driving it home! Most already come with
cable brakes, which are easy to hook up to the motorcycle
(MC) brakelever by simply buying the correct length of cable
that has the correct cable ending bit — most MC shops can
make that for you.

Of course, the original vehicle may have been designed to
travel quiteslowly, but one simpleway to get higher speedsis
to use larger wheels, such as standard 4-lug trailer wheelsin
13to 14inchsizes. Theseusualy fit very well without modi-
fication, as do some car wheels. Asafinal touch you can get
shiny ‘mags’ torealy dressit up!

All you need then isto find aMC front end that will work at
the higher speeds you will be going. Most front ends from
anything bigger than a 150cc motorcycle will work. Before
you lay down your money, make sure the assembly has a
goodtire, brakesand speedo, and that the suspensionin good
shape.

If you are not going to make afairing likel did, make surethe
front end has all the vital accessorieslike headlight, turn sig-
nals, etc. to reduce the work needed. Be sure to note the
year, make and model in case you need spare parts later.

Such front ends, like the transaxles mentioned before, can be
found in repair shops, junk yards, or just lying around. How-
ever, besureto get areceipt for it—andtitletoo if possible—
and receipts for EVERY THING else, so when you go to get
it titled you will have them ready for the registration authori-
ties. Without them, you will probably not be ableto register it

legaly.

Registration or titling isn't hard as long as you have al the
proper ownership documentation (‘title’). You might be able
to dide by with just the ownership papers for the MC front
end, especiadly if you use more of the MC frame to connect
therear to thefront, and simply call therear a‘ modification’!
However, the more documentation you have, the better your
chanceswill befor apainless experience when you apply for
permission to take it on the road.

Now that you have the main pieces, you need to figure out
how to attach them to each other and build battery boxes, as
batteries are extremely heavy, weighing 60 or so pounds each.
Have acloselook at the pictures, and see how it was donefor
my front motor type golf cart (GC) transaxle. There are other
GC transaxlesthat have the motor on the top, and inline with
the axle. Personally, | find the second type is easier to work
with athough either type is good. You'll need to make the
battery boxes and frame a bit differently, depending on the
type of axle you have. One method that workswell for either
axletype (abeit with afew variations) isthe square box frame
that allows for the attachment of spring hangers and battery
boxes.

The framein the pictures was built from two-inch mild steel
tubing with one-inch angle stock for the battery boxes, which
werejust hung fromthetop frame. Thisischeap, especialy if
you buy cut-offs (“drop’) that most steel suppliers have |eft
over from cutting material to size for other customers. Since
you only need short lengths, dropisjust fine. It'sfairly easy to
cut with a hack saw, if you take your time or have some
friends take turns.

If youyou don't havefacilities or the ability toweld, then you
can save alot of money by just cutting the steel to length and
getting it ready for a welder to do the job for you without
wasting time. Just check that everything fits together well
with the transaxle, front end, battery shapes, etc. before tak-
ing it all to be welded. It cost me just $27 for the steel, and |
bartered with a friend for the welding, so the new chassis
was almost free!

Continued on next page
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The rear leaf springs, hangers, etc. of my EV are dl trailer
partsavailable amost everywhere at trailer suppliersor other
outlets. Notice one hanger is solid and the other swings to
give room for the springs to move when bouncing. Hangers
of different heights are available, so you can fit most any
frame you design. The body chosen is a pick-up style for
carrying groceries, hardware, and so on, and isdesigned to be
very versatile. It will have tandem seating for two, although
three could be easily carried when it's finished. The bed of
the vehicle also acts as fenders for the rear wheels. The pic-
ture opposite shows the basics of the body, with the front
fairing, seat and windshield still to be put on. Thefront fairing
is important as it cuts air drag for higher speed and longer
range, soit’snot just for show.

Next month | will describe the electrical side: the controller,
batteries and charger, and how the body will be finished — so
stay tuned! We can be fun, self sufficent and low cost in our
transport!

Jerry Dycus

AND NOW FOR SOMETHING COMPLETELY DIFFERENT ...
AND IT ACTUALLY HAPPENED !!!

Jerry’s article brought back old memories for me ... of the
days long, long ago when | was a student in Christchurch,
New Zealand.

Inthosedays, quiteafew old Model Tswerestill ontheroad,
and if you were a student then it was a huge status symbol to
be seen puttering around in one. One particular engineering
student was one of those €elite, and had spent many hours
lovingly repainting it from its original black to colorsthat he
considered to be rather more modern and trendy ... aviolent
clash of blue, yellow and red! But hismain claim to famewas
that he had applied what he had diligently learned and had
converted his Pride and Joy into an electric vehicle. It was
silent, clean, and he was often to be seen cruising around the
streets of Christchurch ... anideal placefor hisvehicle asthe
city isasflat as a pancake.

The day naturally came when an enterprising young reporter
fromtheloca newspaper interviewed this dashing young man,
for although we still had electric trams then, an electric car
wasanovel sight ... particularly agarishly painted Model T'!

“It cost me nothing!” the student bragged. “I got all the bat-
teries free from the local scrap yard, together with an old
electric motor that had been thrown away, and | simply put it
all together. | don't pay apenny now for fuel ... | just charge
the batteries overnight and away | go ... free motoring!”

This was news indeed ... and that same Bright Student ap-
pearedinthelocal Magistrate's Court aweek later. Hisland-
lady had read the article with great interest, for she had won-
dered why her electricity bills had suddenly soared!

Mora? A really smart student would have remembered the old saying ...
“There ain’'t no such thing as a free lunch!”

Mike Nixon (and | swear that it wasn't me!)
Page 10
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INSULATING
YOUR OLD HOUSE

Seventh in a series of Articles on
Passive Solar Building Design
by Laren Corie

Thisworldisfull of many fine old houses. They can be grand
to live in, but they can also be very expensive to heat and
cool. Their wallsaregenerally leaky, and contain no insulation
beyond their basic building materialsand an empty air space.
Even houses built in thefiftiesand sixtiesmay only have 1%%°
of sagging fiberglassinthevoid. Eventhat will oftenalow air
to pass right through. Tearing open the walls to add bat type
insulation would beanightmare of wasteful destruction. Foam-
in-placeinsulationsare quite expensive. Though I’ m surethere
are afew who might disagree with me. To my way of think-
ing thereisonly one outstanding insulation to usein thewalls
of such ahouse. That is dense pack, blown-in cellulose.

Cellulose insulation has been around since early in the last
century, but only started gaining popularity after the oil em-
bargo of the 1970s. It began as a decentralized method of
recycling newspapers, part of the grass roots environmental
movement. Sincethen, itsuse hasbeen growing steadily. I’ ve
heard that the annual US productioniswell over abillion pounds.
Celluloseinsulation is 70-80% ground up, recycled newspa-
per. To that is added boric acid asafire retardant, and vermin
proofing. It is a natural non-toxic product that presents no
harm to humans. However, it is the active ingredient in natu-
ral ant and roach control products. Boric acid is also com-
monly used as an eyewash. Sometimes cellulose insulation
also includes the salts of borax, which are used in laundry
products, and have atoxicity level evenlower than boric acid.
Theremay aso bealittleammonium sulfate, whichisused as
afood preservative and soil fertilizer.

Only avery small fraction of the energy to producefiberglass
insulation is needed to produce cellulose (2.5-5%). The only
sensitivity that seemsto exist to celluloseinsulationisan al-
lergy to newsprint. If you havethisallergy to newsprint, there
is special cellulose insulation available which is made from
other recycled papers. Unlikefiberglassinsulation, which must
carry an OSHA warning about being carcinogenic, cellulose
isonly considered to be a“nuisance dust” on the work site,
like sawdust. It also does not cause the skin irritation that
fiberglassinsulation isknow for, and carriesno guidelinesfor

special handling and clothing, likefiberglass. Celluloseinsula
tion is very “green,” asthey say. It aso happens to be very
economical.

I recently insulated thewall of a1,200 square foot home, with
9 foot high ceilings, with just $173.60 of cellulose - and that
included a recent price increase. It also included the use of
the special machine to blow it into the walls. This added be-
tween R14 and R15*, and also sealed up all thelittleair leaks.
Thisisreally agreat way to insulate old walls. | have looked
around the net, but there seemsto be alack of detailed infor-
mation on how to do thiskind of job, so | took along my cam-
erafor afew shots, and will go through the finer points here
so that you can be fairly well prepared to insulate your own
old house, in a smooth efficient process.

InsulatingtheAttic

First, | want to briefly discuss insulating an attic with cellu-
lose. It's avery simple process. The person doing the actual
insulating just climbsup into the attic, pointsthe hose and flips
the switch, and the insulation roars out the end of the hose to
fill towhatever depthisrequired. The depth that you will need,
for the R-value you want, is on a chart usually displayed on
the side of the cubes of insulation. Cellulose used to comein
big loose bags. Nowadaysit isusually compressed into cubes
that stack better and take up less space.

* Insulation isidentified and labeled by R-value. “R” stands
for resistance to heat flow. The higher the R-value, the more
heat flow it can resist.

Continued on next page
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Asyouinsulatetheattic, youwill beblowingit out loosely, so
itwill originally lie deeper than the thicknessit finally settles
to. Measure your area, look at the charts, and buy the right
number of bags. Don’t even bother measuring the depth. The
R-value selected will take care of that for you.

Thisisnot ajob for one person. Just |oading the machineinto
your vehicle usually takes two, and you definitely need asec-
ond person to handl e the machine outs dethe house and keeping
the hopper filled whileyou blow in theinsulation. Insulating an
attic goesvery fast. Adding about R20 to a1,000ft? attic should
takelessthan an hour with the blower on, and you could even
be able to cover as much as 1,800ft2 in that time. Most of
your timeislikely to bespentintravel, setup, and final cleanup.
Wheninsulating an attic, you just cut open the cubes and then
drop them into the hopper. Many machines will even break
and grind it up for you before blowing it out. The person at the
machinewill bebusy just fillingit asit worksvery quickly.

ik
Therearefloorsin somevery old house attics. Celluloseworks
very well for insulating under these. There is usualy some
open area around the perimeter where you can run the hose
under the flooring, then pull the hose back as the space fills
withinsulation. When you arefilling these hidden spaces, itis
asmart practice to count how long they taketo fill up. Then,
if one takes longer, shut the machine off!

Thereisagood chance that you’ ve found a hidden plumbing
chase, or some other opening. If it isjust asoffit over kitchen
cabinets, or aceiling drop over the bath tub, you may want to
just fill it. Cellulose is cheap, and the space will usualy fill
faster than blocking it off with a barrier. However, if it's a
plumbing chasethen it may run all the way down to the base-
ment! | found out about this many years ago, when | was
insulating an attic for somein-laws. Fortunately, | was count-
ing, and realized that it was taking too long, and stopped. Even
so, we still ended up with atwo foot high pile of insulationin
front of the washing machine, three stories below!

It turned out that there was a plumbing chase, and it was so

big that it actually had a permanent ladder in it. It had prob-
ably been costing them thousands of dollarsin heat loss. It
wasliterally achimney up the middle of the house, with al of
the uninsulated hot water pipesrunning up it. Fortunately, we
were able to simply cover the hole and insulate over it.

Even in attics with no flooring, you can expect to find big
holes that will eat up insulation. A typical placeisover stair-
wellsthat have asloping ceiling. In some old houses, you may
often find that fiberglass insulation has been simply stapled
over the opening, with gaps where the warm air rises and
cold air dropsthrough to take its place. You will want to rem-
edy these situations. A staple gun and some polyethylene sheet
should do.

Be careful to not block your soffit ventilation. If you areinsu-
lating deep, you may havetoinstal some sort of baffleto keep
theinsulation from blocking the air flow. There are expensive
polystyrene baffles at the home stores, but you can some-
timessimply staple up polyethylene sheet, or ussHDPE drain-
age tubing to maintain an air passage through theinsulation
between the attic and the overhangs. | am not going to get
into the subject of vapor barriers, attic vents or any other attic
related details here. Thereis plenty of information on those
subjectsavailable onwww.buildingscience.com . What | mainly
want to tell you about isinsulating your walls.

Cellulose insulates more per inch than fiberglass. Fiberglass
bats are about R3.17 per inch, and blown-in fiberglass about
R2.5 per inch. In contrast, celluloseis about R3.75 per inch.
The thick walls of older homes will give you space to add
about R14 or R15 to theinsulation value of your existing wall
materials. In the case of the house | just did, that totals about
R20 through theinsulation, and somewhere around R15to 17
after averaging in the framing That is as good as a lot of
houseswith six inches of fiberglass! The cellulosewill alsofill
every little crack and cranny. Asyou blow it in, the air seeks
out the leaks, carrying the insulation with it to fill and stop
them up. With cellulose, you will not have all those gaps and
spaces that you get as you attempt to precisely cut and fit
fiberglass. Cellulose will not alow air to blow through, and
has been shown in tests to reduce hesat |oss about 25% better
per rated R-value, than fiberglass.

“Dense Pack Cellulose”

Cédllulose hasbasically the sameinsulation value per inch, re-
gardlessif it isloosefill at 1.6 Ib/ft3, or packed into thewalls
under pressure so that it is 3.25 to 3.75 Ib/ft3. Thisallowsthe
insulation to be packed so densely that it will never Sump. It
will also do severa other things. It makes great sound insula-

Continued on next page
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tion. It absorbs, then gradually releases moisture up to 15%
content without losing significant insulation value. It plugsup
most air leaks, and it flowsaround all the pipes, wiring, etc. to

fill every gap.

Now, how itisinstalled? There areafew basic waysyou can
accesstheinterior of your walls. First determine whether you
want to go through from the outside or the inside. You can
remove ahigh course of siding and then feed atube down into
the wall, or you can remove two or three courses and blow
the insulation directly in with areduced size hose end.

However, you can also blow it in from the interior. Thisisa
definite advantagefor abrick house. It alsoworkswell if you
are planning to paint, and it can be considered as part of fin-
ishing theinterior of aroom. The holepatching isnot difficult,
and goes fast, even with so many holes. The 1,200ft2 home |
just did, with holes at both the top and bottom of all the stud
spaces, took about 135 holes. | patched all theholesin fiveto
six hours. That Beatles lyric, about Albert Hall, kept going
through my head. Now | know what all those holes were
filled with!

Old houses can have some pretty tough plaster to bore through.
Where there is brown coat, which contains sand, a tungsten
carbide hole saw will be needed. You might even gothrough a
coupleof them. Drilling can bethebiggest job on an old house.
However, working on your own house givesyou the opportu-
nity to spread thejob out to ideally fit your scheduleand needs.

You can even insulate one room at atime as you paint. One
room will probably use up lessthan ten bags of cellulose, but
you can put the remainder aside for later, or just blow it into
the attic. A full house could mean days of drilling, about half
that time up on a ladder, with your hands over your head.
Very tiring! Good brown coat isvery tough stuff, and the mul-
tiplelayers of thewall can mean alot of stopping to clean out
the hole saw. Even so, rather than attempting to feed a small
hose down through one hole, it is often simpler to drill two
holes, one near the top and athe other two or three feet above
the floor. This will allow you to pressurize the whole wall
cavity.

After you have decided from where you will drill the holes,
you haveto figure out exactly where on thewall to drill them.
It would beniceif all of the studswere neatly on 16" centers,
but unfortunately older houses are not usually that consistent.
| suggest getting agood electronic stud finder, for about $20.
Be sure that you get one that has extra sensitivity for plaster

walls. The basic units are only designed to read through 1/2"
drywall. A wet plaster wall may be as much as 1%%" thick,
including wood lath, so you will need that extrasensitivity.

Do not forget the traditional technique of tapping on the plas-
ter to listening for the solid, less drum-like places where the
studs and other framing are located. Once you are pretty sure
you have located a couple of studs, and marked their loca-
tions, you candrill ahole. If you are careful, you may even be
able to establish a pattern of 16" centers.

After you have ahole, you can use a probe, such as a section
of metal coat hanger wire, to verify the spacing inside of the
wall. Upper holes are best drilled at about a foot from the
ceiling. Lower holes can be two or three feet above the floor.
There will also be practical considerations that will dictate
variations. Bathroomtileisone. Another may be paneling bel ow
chair rails. With kitchen cabinets, you may chooseto drill from
inside of them.

Expect to find some real surprises. | have found headers ex-
tending out more than a foot beyond the sides of windows!
Watch out for blocking, firestops, and other interference.

Be cautious, and do NOT drill into wiring, plumbing, or gas
lines! Also watch out for balloon framing that will let insula-
tion blow out into ceilings, attics, and maybe your basement or
crawlspace. You need to understand the building structure, so
take your timeto explore.

After you have drilled your holes, you are ready for the insu-
lation and blower. Sinceinsulation takesup alot of space, you
may want to purchase and transport it afew days before you
get themachineto blow it intothewalls. Most placesthat sell
the insulation also rent the blowers, and many offer free us-
agewithaminimal purchase. Though | owned my own blower
system twenty-five years ago, | now simply use the free ones
from the insulation sellers. Usually, only a purchase of ten
packages of insulation (less than $60) is required to receive
twenty-four hour free usage.

Continued on next page

Page 13


mailto:dk@fox-net.net
http://www.electricitybook.com/
mailto:dk@fox-net.net
http://www.electricitybook.com/

ESSN

August, 2005

Energy Self Sufficiency Newsletter

Page 14

A common machineisthe® Predator I1” which
ismade with alight-weight aluminum hous-
ing, and plastic hopper. These machineshave |
wheels and are sized to just fit into the back
seat of most cars. You can buy your ten bags
of insulation, then bring your receiptin afew
days later to get the blower. You can also
buy the insulation at one store, then get the
blower from another of the same company.
At least that isthe case with the biggest home
store chain. | strongly suggest that you buy
your insulation in ten bag lots. Thiswill in-
sureyou the maximum availabl e free blower
usage, just in case you need it. You can al-
way's return what you don’'t use.

Thereisalearning curveto using acellulose
blower. | will try to eliminate your biggest
headaches, or at |east give you enough infor-
mation, so that you can work your way through them. You
can get alittle guidance when you get the machine, but it is
likely that you will still get aclog, especialy when blowing
insulationinto walls. Once you can get through awall installa-
tion, you are not likely to ever have many problemsin an attic.

Some stores stock specia attachmentsfor blowingintowalls.
These include a tapered nozzle to reduce the diameter of the
hose down to one inch. If the store does not have this attach-
ment, and they cannot direct you to their other storethat does,
then you may haveto do what we did in the old days and duct
tape a section of tubing to the end of the hose. You may even
want to do that with the tapered nozzle, so you can drill just
one hole per stud space and feed the tube down into the wall.
Duct tape is usualy a must-have for this job. Between the
connections at both ends of the hose, and other possibilities,
you may go through awholeroll.

Some machines have nice fittings on the end of the hose.
Some may have hose clamps. Most seem to just have bare
hose, and you are left to hold the connection together your-
self. With an attic job, you might even get away with just
pushing the hose over the outlet on the machine. However, be
warned! With the pressuresthat occur when blowing thewalls
full, thiswill not hold more than afew seconds. Tapeit, and
tape it good, or buy a big hose clamp - but still tape it to
prevent leaks. The tapered nozzle requires taping too.

As| mentioned before, and cannot over-emphasize, clogging
of the nozzle, tube or hose are the biggest troubles you can
create for yourself. To alleviate this problem somewhat, the

manufacturer of the Predator |1 make apiece
that drops into the hopper which stops large
hunksof insulation from getting out. Thispiece
iscalled a“material block plate”. Not all of
the storeswill have this piece, or the tapered
nozzle, so cal round first to make sure. It is
also wiseto call and reserve the machine be-
fore you drive out to get it. At some times of
of the year, usually Autumn through Winter,
the machines are very popular and there can
be alot of breakage. Some stores may there-
fore have only a couple of broken machines,
and no good ones available.

Onceyou haveyour stockpileof cellulose, and
have procured the use of the blower, you can
set them up outside the house where any dust
will just blow away harmlessly. The hose
should belong enough to reach most areas of
the house, but you may want to measure first and ensure you
can get a hose long enough to reach where you want to go.

Plug the blower into a circuit with no other loads. Most new
rental machinesonly require 15 amps, but some older models
may take more, with the start-up tending to trip breakers or
burn out fuses!

The blower will probably come with its hose and cord in a
trash can. The can is handy to use as a receptacle for break-
ing up theinsulation by hand before dumping into the blower.
Thisis arecommended step to avoid clogs when insulating
walls. There is usually also a blower switch on along cord,
this being for the person who handles the hose.

This will be a dusty job, so cover what you can. If you are
insulating awhole house, it will bewiseto planatrial runona
day that you are drilling holes. Thisis one of the reasons to
allow yourself multiple days of free blower use, oneday for a

Continued on next page
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trial, one day for the actual job, then a safety day just in case
it takes longer.. Thetrial run will give you a chance to work
through your procedures and technique.

Therearelots of variationsinwalls, and how they react to the
air andinsulation. You arelikely to encounter insul ation blow-
ing out of adjacent holes. This will definitely happen when
you drill multiple holes, top and bottom, instead of just feeding
inalongtube. You can remedy thisby simply stuffing arag or
piece of paper in the hole.

You could also get alot of air and insulation blowing back
around the nozzle. A wrap of duct tape will prevent most of
this, and also grip the holeto allow you to hang the hosein the
upper holesasyou switch positions, or just relax. Holding the
hose above your head, or off to your side while up aladder,
can get very tiring after afew hours.

Thisnext part isvery important. You must observe closely to
know when to turn off the blower, or you will produce anasty
clog that isno fun to remove. Listen to the sound of the insu-
lation as it moves through the hose. It will be traveling as
much as at a hundred feet per second! You can also often see
the shadows through the wall of the hose. These are some
main cluesasto how well thingsare going. If theinsulationis
flowing fast, then you are doing everything right, and a stud
spacewill fill in aslittle astwo minutes.

When the insulation is running through fast, but the hose has
few shadows in it, then the insulation is not getting past the
“blocking plate” in the hopper. This usually means that the
hopper is nearly empty and the machine is just sucking air.
However, it can also mean that theinsulationis*bridging’, to
form avoid in the lower hopper, so it helps to occasionally
press down lightly on the insulation in the hopper to ensure
that it is pressing evenly on the blocking plate. This can save
you hours, for it keeps the flow volume high.

Youwill befilling thewall cavitiesuntil they will takeno more
insulation. The sounds, the shadows in the hose, and even
more so, the vibrations of the hose, will tell you if theinsula-
tion and air are no longer flowing. The hose will stop vibrat-
ing. When this happens, shut off the switch immediately. Re-
member that, immediately! Then wait afew secondsfor the
blower to coast to a stop, and for the pressure in the hose to
relax. If you don’t wait before you remove the hose from the
wall, then you will receive aface (and aroom) full of cellu-
lose!

If the space you were filling is full, there will be insulation

packed insidethe hole, and also somein theend of the nozzle.
If thesethingsare not visible, you probably have aclog some-
where in the hose.

There is one more possihility. The clog could be in the wall,
backing up into the hose. Place thetip of the nozzle back into
thewall, in afresh hole, and turn the blower back on. It will
either blow insulation, or it won't. If it does, then continue. If
it does not, shut it off right away. You will need to unclog the
hose.

Thefirst place that the hoseislikely to be clogged isright in
the taper of the nozzle. Your first effort can beto simply stick
something down the nozzle opening to push the clog back.
Use whatever you have. | recently used thetip of an old pool
cue. This sometimesworks. However, it often reclogsimme-
diately. If this happens, you will need to remove the nozzle,
empty its contents, then try again.

When you remove the nozzle, if there is no insulation in the
hose, the clog is not in the nozzle and you may have a prob-
lem. Walk the hose end out to the hopper, where you can stick
it down into theinsulation and turn the blower on again. This
should doit, unlessyou haveleft the blower ontoo longwith a
clog and have packed the hose. If that is the case, then you
areinfor alittle work.

Do not just turn on the blower. That will just pack even more
insulation, eventighter, insidethe hose. If you empty the hop-
per then you can try reversing ends of the hoseto blow inthe
opposite direction. Disconnect the hose and try to shake out
some the insulation before you ever try to use the blower to
clear it. Someinsulation will shake out of thehose, alittleat a
time, but it isatedious process. It has happened to me, when
| got too used to the way one blower sounded, then switched
to adifferent type of machine. Itisno fun, but should take no
more than about fifteen minutes to resolve.

Once you have all thewallsfilled, you just need to patch the
holes. I’ve heard of alot of ways to do this, and there are
even supposed to be specia plugs for the job. I’ ve heard of
dowelsbeing cut to fit and glue in place, and recently read of
using spray urethanelike Great Stuff,” then trimming it flush
and just spackling over the surface. However, that sounds
likeit would dent too easily, so what | prefer isaplaster wall
patch, then a quick coat of spackle or drywall compound to
smooth it. If there is a deep hole back into the insulation
where the hose nozzle was, then wad up alittle newspaper to
stuff into the hole as a backing.

Continued on next page
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That'sit. atypical house may take from two days to aweek, depending on alot of factors, but you can double or triple your
insulation values. With reductionininfiltration, you arealso likely to reduce your heat loss/gain through your wallsby asmuch
as 75%. No amount of insulation will eliminate your need to caulk around your windows, and baseboards, but unlike bat

insulations, celluloseinsulation will seal around your electrical outletsand plumbing.

On the subject of eectrical matters, the codes generally recommend against insulating right up against exposed wiring, like
‘knob and tube’. Also, do not insulate around built-in light fixtures, which are designed to have air circulation.

Follow all other safety procedures, and good practices. Wear a simple particulate respirator face mask, and check with a

professional, if you have any questions.

Hereis a list of what | used in this recent house.

10 packs of insulation $56.80
Another 10 packs of insulation $58.40
(price increase)
Yet another 10 packs of insulation $58.40
(four bags were blown in to the attic)
Three 24 hours usage free
Oneroll of duct tape $2.84
Two 1¥4" tungsten carbide hole saws
from the same large home store
(not needed for drywall or rocklath) $20.98

One 4lb Plaster Wall Patch $3.95
Spackle (surplus) -
Sand paper (surplus) -
Total $201.37

In addition you will need afew tools:

A drill that will take agood day’s work
A couple of putty knives

A shop vacuum.

Step ladder

A box cutter, or utility knife (for opening insulation)

Electronic stud finder.
Particulate respirator face masks

If you have any questions, | will be available on the LittleHouses Yahoogroup:

http://groups.yahoo.com/group/LittleHouses

-Laren Corie-
Integral Solar and Energy Efficient
Building Design and Consultation
for Owner-Builders, Since 1975
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SMALL WIND TURBINE BASICS
Part 2

by Dan Fink

In the first part of this series of articles, | covered how to
calculate the power availablein the wind and its relationship
to turbine swept area and wind speed, plus other mechanical
and electrical efficiency lossesin awind turbine. Theselosses
give arealistic maximum Coefficient of power (Cp, or effi-
ciency) of 35% of the power availablein thewind for asmall
turbine. Thiscrucial formulais:

Expected power output (in Watts) =

Cp « %2 « ar dengity « swept area » wind velocity3
where:

Cp = % efficiency loss of entire system

Air density = 1.23 kg per cubic meter at sea level
1.0 herein Colorado)

Swept area is in square meters

Wind velocity isin meters per second

So, a 10-foot (3.048 m) diameter wind turbine rotor gives 3
7.30 mzswept area, and in a 10 mph (4.4704 m/s) wind, we
can expect no more than:

Power output (\Watts) =

0.35% Y « 1.23  7.30 » 4.4704° = 140 Watts
and in a20 mph wind:

Power output (\Watts) =

0.35+ Y2 % 1.23 4 7.30+ 8.9408° = 1123 Watts

Key concept:
doubl e the windspeed, and the available power increases by 3
factor of EIGHT !

SURVIVING HIGH WINDS

All wind turbines must have away to deal with this massive
increase in available power as the wind speed goes up. In
Part 1 of this series (see ESSN July 2005), we discussed the
distribution of wind speeds, and how most wind comesto us
at lower speeds. So, manufacturers try for the best perfor-
mance between 7 and 30 mph, and design the turbineto sim-
ply “survive” windshigher than that while still producing
near peak power. If the turbine was allowed to keep making
power over 30 mph, it would —but only to the maximum power
production rating of it's generator or alternator, which can't
harvest much more power beyond that rating— so the huge
amount of extra power in the wind will cause overheating,
overspeeding, and possibly burn out the generator or cause
the turbine to shed a blade.

Variable pitch blades

The most elegant, efficient and effective way to regulate in-
coming power, and al so the most expensive and complicated
to build.

600 kW utility-scale Advanced Research Turbineat NREL's National
Wind Technology Center near Golden, CO, USA. Note how the
variable-pitch blades are positioned so they can’t make power—the

turbine is shut down and can’t spin. Photo by the author.

The blades can rotate in the hub and change the angle at
whichthey hit thewind. All large utility-scaleturbinesusethis
method, regulated by sensors and active controls. Only afew
small turbines use variabl e pitch blades, notably the Jacabs.
Jacobs has been building the system since the 1920s, and you
can gtill buy one new! The system is not high-tech, but is
extremely effective—the blade pitch changes mechanically

Continued on next page
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using aflyball governor and centrifugal force. In low winds,
the blade pitch is very steep, and at peak output the blade
pitch isvery flat—this matches the blade's angle of attack to
the apparent wind (more on apparent wind later). If winds
increase more, the blades pitch past flat, causing aerodynamic
stall to prevent overspeeding.

Furling tail

I

This photo shows a home-built 17-foot diameter 3.5 kW turbine with
thetail infully furled position. The machineis still making near maxi-
mum power, but it facing at an angle into the wind to reduce wind
input. Photo by Dan Bartmann.

Thisisthe most common high wind regulation technique in
small wind turbines. The turbine frame is designed with a
built-in offset, and thetail or the generator head is hinged both
upwards and inwards. When windspeed starts to approach
the generator’s maximum power output capacity, the tail or
head foldsup, yawing the machine at an angleto thewind.This
reducesthe effective swept area and thus the available power
to the maximum power output level of the generator, so it
continuesto make peak power whilefurled. When wind speed
drops, thetail or head drops back into anormal configuration
viagravity and tracks the wind straight on once again.

Twisting blades

Some very small wind turbinesuseflexible plastic blades that
bend, twist and flutter when power input getstoo high for the
generator to handle. Thistechniqueiseffective, but also noisy.
Some of the extra power in the wind is being turned directly
into noise, and the sound of bladesfluttering at high speedis
very distinctive. It'sonly used on very small turbines, and is
effective only using modern plastic blades that are highly re-
sistant to fatigue.

Mechanical and air brakes

These regulation techniques are no longer used in commer-
cial turbines because they are very noisy and prone to me-
chanical failure from fatigue, rust, and ice. Nevertheless, |
haveto admit it’s exciting watching and hearing a 1930s vin-
tage Wincharger deploy its air brakes during agale!

Emergency shutdown

All wind turbines should have some mechanical or electrical
way to shut them down (stop the bladesfrom spinning) during
severe weather events. These can including shorting the al-
ternator phases, a crank that turns the tail into fully-furled
position, or amechanical brake. There's no sense in abusing
your expensive turbine and tower by letting the machine run
during ahurricane, severe thunderstorm, or tornado, sincethe
machine will make no more power in 100 mph winds than it
will in 30 mphwindsif itisfurling properly.

Unlessyou areworking with atiny ‘ sciencefair project’ wind-
mill that’s capturing wind from an electric fan, some sort of
regulation is needed or bitswill fall off! Beware of any wind
turbine whose builder claims that it doesn’t need to furl be-
cause it is built so sturdily (tested to 100+mph!). But how
many times and for how long can it withstand such abuse?
Also bewareif the builder advisesyou to lower the turbineto
the ground if high winds are forecast—it probably lacks a
shutdown system.

WINDTURBINETYPES

If you are considering buying or building awind turbine for
making el ectricity, you'll ailmaost certainly be comparison shop-
ping for amodern, electricity producing, lift-based horizontal
axis machine. But by taking a look at some historical wind
turbine designs, it gets easier to explain the physics concepts
involved.

Dragvs. Lift

Wind turbines are divided into two types, drag machines and
lift machines, based on the aerodynamic principlesthey uti-
lize, and two moretypes - Horizontal Axisand Vertical Axis
machines - depending on their physical configuration.

Designs that use drag to make them spin are the oldest way
to harvest wind power, and the easiest to understand. The
blades or cups push against the wind, and the wind pushes
against the blades. The resulting rotation is very slow. And
the blades or cups that are swinging back around after mak-
ing power are hurting power output because they are moving

Continued on next page
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inthewrong direction, against thewind. The earliest examples
of drag-based wind power design are grain grinding and wa-
ter pumping machines from Persia and China, with records
dating back to 500-1500 AD.

L ooking down on a ‘Panemone
an early design of a drag-based machine
(just like a steamboat paddle)

Note the wall that's erected around the half of the machine
that is hurting performance by moving against the wind. In
any drag-based design, the blades can never move faster
than thewind. Thisturnsout to beacritical concept for both
efficiency and the ease of generating electrical power.

Lift-based wind turbines are the standard now, but lift con-
cepts have been in use for thousands of years. Mariners as
early as 3200 BC used lift whenever they took a boat with
sails out onto the water and turned the sails to give the boat
maximum speed. An airfoil shape (just like the cross section
of an airplane wing) gives lift, and has a curved surface on
top. Air moves over the curved top of the airfoil faster than it
does under the flat side on the bottom, which makes a lower
pressure area on top, and therefore an upward force—that's
lift. The key concept of lift and wind power isthat lift forces
allow the blade tips of a wind turbine to move faster
than the wind is moving.

HORIZONTAL AXIS WIND TURBINES (HAWTS)
and VERTICAL AXIS WIND TURBINES(VAWTS)

HAWTS are what most people first think of when someone
says“windmill” — bladesmoving perpendicular to theground.

In a VAWT, the blades move parallel to the ground. Both
HAWTSs and VAWTS can be either drag or lift based, though
only lift designs are commonly used as they are reasonably
efficient for electricity generation. Below are some commonly
seen wind power designs, and explanations of the principles
on which they work.

“Dutch” HAWTSs

While not exclusively Dutch in origin, these machines were
built all over Europe for grinding grain, and the earliest ones
were drag-based.

r i Al .:h'-:-aﬁ- A
The Maud Foster grain-grinding mill, Boston, England. Built
in 1819, and still used for grinding grain commercially (and as

agreat tourist attraction) today. Photo by Ron Fey

Bk e e A

The Dutch made major improvements circa 1390 AD by in-
corporating lift into the blade design. The machine was pointed
into thewind manually by the operator.

Continued on next page
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American Waterpumping HAWTs
Over 6 million of these were installed on farms and ranches
acrossAmerica, starting in the mid 1800s.

A typical Aermotor water pumping windmill, still common
and in operation all over the American West. Photo courtesy
of DeanBennett.com, Denver, CO. Thiscompany sellsall the
replacement parts to keep these beautiful old machines run-
ning, and al so sells new waterpumping windmills.

They were used purely for mechanical power to driveapump
shaftinawell, and point into thewind viaatail vane. Many of
these antiquesarestill in use, and some are still manufactured
new! Companieslike Dean Bennett in Denver, CO, USA till
sell all the replacement parts to restore and maintain
waterpumper mills, and also sell brand new machines. These
designs are mostly drag-based, providing high torque for the
pump shaft, but low blade speed. Thismakesthem difficult to
use for electricity production, but excellent for moving that
heavy pump shaft.

Modern Electricity-Generating HAWTS: They come in sizes
ranging from tiny (4 foot diameter, to mount on a sailboat or
remote cabin) to huge (300 foot diameter, multi-megaWVatt,
utility-scale machines). These machines can be designed for
either ‘upwind’ or ‘downwind’ operation. In upwind turbines,
thebladesarein front of the tower toward the oncoming wind,
and point into thewind using atail vane or (in giant turbines)
electronic controls. Downwind turbines don’t have a vane,
and the blades are behind the tower rel ative to thewind. While
upwind designs are the most common, there are excellent
downwind machinescommercially available.

All modern electricity-producing HAWTs are lift-based,
so the blade tips can travel faster than the wind.

The resulting high RPMs are ideal for producing electricity,
and these machines can be highly efficient. Small machines
areapproaching 35% efficiency (Cp=35%), while utility-scale
machinesarerapidly approaching the Betz Limit (Cp<59.26%,
see Part 1 of this series, ESSN July 2005).

Drag-based VAWTSs

Theancient Persian design shown
before, the Panemone, is one ex-
ample. Other designs include the
Savonious Rotor which can beeas-
ily built using coffee cans, plastic
buckets, or metal barrels.

Savonius

Photos courtesy the
American Wind Energy
Association
AWEA

Anemometer

A simple anemometer is another drag-based VAWT design.
While fun for experimenters and students to build and test,
these designs are extremely inefficient, and give only low
torque since the blades or cups can never travel faster than
the wind. Yes, | know ... anemometers often spin quite fast,
but as they usually have a very small arm length, they have
very littletorque.

Continued on next page
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Lift-based VAWTS

Darrieus, Giromill, and H-rotor designs are big improvements
over drag-based machines, since the blades have airfoils and
utilize lift to move faster than the wind. However, there are
inherent difficulties with any VAWT design, and these prob-
lems are why VAWTSs have never been very successful in the
commercial market, on either small or large scales.
Photos courtesy the

American Wind Energy Association
AWEA

H-rotor

Should | choosea HAWT or a VAWT for my installation?

If you are looking for a fun wind power experiment or sci-
encefair project, aVAWT might suffice. You can find some
good ideas here.

If you really need to make some serious electricity to power
an on- or off-grid home, alift-based HAWT isthe best choice.
Plus, you'll have avery hard time even finding acommercial
VAWT from a reputable manufacturer for sale in any size.

The disadvantages of VAWTs are humerous:

VAWTSs must be built at least twice as big as HAWTs to
make the same amount of power, since half of the machineis
moving in the wrong direction (towards the oncoming wind)
a any given time (remember the Panemone?)

Because of this, VAWTSs go through afatigue cycle on every
rotation. This means the design must be very strong and
sturdy—which al so trand atesto higher cost and moreweight.

More weight also mean that the tower must be more sturdy,
another added expense. All wind turbines must be flown high
in the air to get above obstructions. Near the ground, on a
rooftop, or in any direction from obstructions such as

buildings, slopes, or trees, turbulence steal s large amounts of
power and causes unnecessary fatigue in both HAWTSs and
VAWTS.

Ingeneral, VAWTsareal so lower in efficiency than HAWTSs.
Drag-based designs of any kind are the worst because maxi-
mum possible efficiency (Cp) isdirectly related to how much
faster than the wind the blade tips are moving. Thisratio of
blade speed to wind speediscalled the Tip Speed Ratio (TSR),
and the best possible Cp is obtained around TSR = 5-6. Only
lift-based VAWT designs can even approach this TSR, and
are still limited by the other factorslisted above.

4 Cp
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This diagram shows the maximum Cp theoretically possible,
versus Tip Speed Ratio, for different wind turbine designs.
Courtesy of http://www.windturbine-analysis.com/ (Note: used
without permission - email address on website no longer valid)

WIND TURBINE BLADEAND ROTOR DES GN

Many people are surprised the first time they look at wind
turbine blades and rotors close up. Theflat sides of the blades
face thewind, and they have adistinctive twist to them, from
asteep pitch at theroot to avery shallow pitch at thetip. Why
isthis, and why do some turbines have more blades than oth-
ers?

With HAWTS, the blades are inclined to the oncoming wind
and constrained to move around ahorizontal axis of rotation.
They start to move by deflecting the wind, just like a rudder
inclined to the flow of water forces a boat to change direc-
tion. However, likean aircraft wing, their airfoil cross section
adds lift to the blades as they speed up, and greatly
increases the rotational force. The blades are wide at their
base and taper as they go out because the tips move faster

Continued on next page
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than the base. They are also twisted so that the angle off
attack decreasesfromwheretheairismovingrelatively dowly
near their axis. to where it is moving very much faster at the
tips. As with aircraft, the faster you go, the less angle of at-
tack you need to get the samelift. The mathematics of al this
is complicated for there are so many variables to take into
account, such as drag, stalling speed, noise, etc.

The sum of the real wind's vector (direction and speed) and
the wind vector seen by the bladeis called “ apparent wind” ,
and they are angled to match this apparent wind—the “angle
of attack” of the airfoil.

COMPARISON OF
FORCES ON BLADE

Incident wind

r 7 Dynamic lift ™,

\N
nd f\O
e W\ Incid
(Ve ncident .
re\2 wind speed Static

Wind speed
due to blade movement

Net rotation force
i, S/

Aerodynamic lift

BLADE TWIST

Blade viewed from tip

Headwind is greater near
the tip (where r=R) than it
is near the root, so the

angle ¢ changes

This means that the
ideal shape for the
blade is twisted, like
this

HEADWIND =
(/R) AV

WIND THROUGH THE ROTOR = (2/3)V
(following Betz’s theorem)

Freshly carved blades, showing the inherent twist that
keepsthe angle of attack correct from thetip to theroot.

Continued on next page
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When the angle of attack iswrong for the apparent wind, the
airfoil stalls and ceases to produce lift—the same thing that
happens when an airplane tries to climb too steeply for its
speed and beginsto fall. When awind turbinerotor beginsto
start spinning from afull stop, itisalwaysstalling. Asthewind
increases and the blades pick up speed, the angle of attack
gets better and better, and the turbine accelerates dramati-
cally from the added lift force. It's fun to watch this happen!
And aturbine can stall at higher windspeeds too—it will no
longer pick up RPMs as the wind increases. Thisis not fre-
guently observed, as the turbine has usually furled by that
point to reduce wind input.

As the number of blades and the amount of the swept area
that’s taken up with their surface area increase (this ratio of
blade surface area to swept area is called “solidity”), more
torque and lessRPM are produced, thetip speed ratioislower,
and the blades must be proportionally narrower. The typical
3-bladed rotor is the best compromise for physical strength
and rotation speed.

MORE MYTHS

Now for some more myths, as promised in part one of this
series. There are many myths going around about wind tur-
bines, especialy VAWTSs. Unfortunately for VAWT enthusi-
asts (some of whom are probably already drafting irate emails
to me), almost every wind turbine investment scam (ranging
from small scaleto utility scale) in the last 50 yearsinvolved
VAWTS. The reason for this abundance of scams is simply
that VAWTs ook new and different, and areintriguing to the
public. Someexamples (fictional, but similar to actual adver-
tisng clams):

Invest now in this unobtrusive, world-changing, previ-
ously suppressed, new technology that will put a (insert
company name) wind turbine on every rooftop in
America, solving our energy crisisand oil shortage prob-
lems!

First of all, VAWTs are not new technol ogy—see the ancient
Persian Panemone VAWT pictured before. The technology
has not been suppressed—The US Government NREL, DOE
and Sandia laboratories have extensive tested and computer
modelled VAWT performance. Furthermore, rooftop installa-
tions are not practical—turbulence affects both HAWTs and
VAWTS, and they must fly in smooth air, well above any
obstructions. Now take the average energy usage for an av-
erage home — about 9000 kW/h per year in the US, and 5000
kW/h per year in Europe. Take the yearly power production
estimates from a reputable wind turbine manufacturer at a
reasonabl e average wind speed (say 5 m/s, 11 mph). For a

Bergey XL.1 (8.2 foot diameter rotor), Bergey estimates 1800
kW/h per year. So you' d need 5 of these flying on tall towers
and aboveall obstructionsto possibly power your 9000 kW/h
per year house. Now remember that VAWTs must be twice
as large as HAWTSs to make the same power. The 5 Bergeys
would sweep 284 square feet. The VAWT would have to
sweep 567 square feet to get the same power output—that
meansamachineat |least 24 feet high by 24 feet wide, mounted
at least 20 feet above the nearest tree or building. That doesn’t
sound either practical or unobtrusive. Hold on tightly to your
wallet, and consult aninvestment counsellor before spending
money.

Wind turbineswith only 2 or 3 bladeslet too much wind
dlip through and be wasted—my Savonious VAWT (or
multi-blade water pumper-type) design will capture ALL
the wind.

Thisisamyth! The Betz limit of Cp<59.26% appliesto both
HAWTs and VAWTSs. Behind and in front of every operating
wind turbinethe air ismoving dower, and thewind tendsto go
around the machine instead of through it. Plus, both the
Savonious and American Multiblade designsare mostly drag
machines, and thereforevery limited in efficiency because of
their low Tip Speed Ratio (see chart on previous page). Mod-
ern utility-scale wind turbines are coming close to the Betz
limit, but drag designs have little chance of ever coming near
even half of it.

Mor e blades means you get more power! Replace your
existing 3-blade rotor with our 6/8/12/16 bladed rotor
and outperform all 3-blade designs.

Not a good idea, you'll actually get less power from your
existing machine! Wind turbine alternators and generatorsare
designed to work in aspecific RPM range, and lowering their
RPM and TSR by adding more blades means you get less
power, not more. The torque will increase, but that doesn’'t
help your electrical generation at all. For the samereason, it's
not practical to convert an American Multiblade Waterpumper
windmill to make el ectricity—the RPMs are much too low,
and adding any kind of gearing to increase shaft speed seri-
ously hurts power output, especially in (the most common and
most important) low wind speeds. 3 blades are the best com-
promise of RPM vs. torque. Any design with high solidity
won't be suitablefor producing el ectricity efficiently.

In conclusion: we' ve madeit through most of thewind power
math now (heave a sigh of relief!). Forthcoming articles on
thissubject will be USDA -certified math-free, and cover wind
turbine siting, towers, electrical regulation and dump loads,
off-grid vs. grid-tied systems, and resources for choosing a
commercial or home-built wind turbinedesign.

Dan Fink
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J

Second Article On How To Make
A 12 VDC 20-LED Desk Lamp
by Larry D. Barr

Back in our Juneissue | wrote about an LED
desk lamp that | built. At that time | men-
tioned that since | didn’'t have a potentiom-
eter inthejunk box that would handlethe~300
mA load of the 20 LED (10mm, 15,000 mcd)
lamp and also fit in the housing, | assembled
the lamp without a dimmer, just a switch.

Tonight | got bored and dug out a Pulse Width
Modulation (PWM) DC motor speed control
that | built from a kit a year or so ago, and
never got around to even hooking up to power.

| spent a few minutes making up some patch cables with
Anderson PowerPoles so | could connect to a PowerSonic
12 volt, 5 Ah sealed lead acid (SLA) battery. First, | mea-
sured the current draw of the lamp without the control inline
with a Medusa Research Digital Power Anayzer. Current
consumption was, as | remembered, 300 milliamps.

Then | connected the control inline after the DPA and flipped
the switch. With the control turned all theway down, thelamp
gave (subjectively) about 20% illumination and had acurrent
draw of 50 mA. Theincrease in light output was linear up to
the maximum, where the draw was 250 mA. Fifty mils less
than without the controller in the circuit.

However, the light output at the max setting on the PWM
controller wasn't as bright as without it inline. | turned the
trim pot on the kit slowly up to max while observing the light
output. At the maximum setting, the lamp’s output was sub-
jectively alittle brighter than without the controller, and the
current draw remained at 250 mA. Over the long haul, on a
renewable energy source, that's a real saving. As you can
seethekit, init’'s“asbuilt” form, won't fit in the base of the
lamp. But, no problem isunsurmountable. Bases can be built,
or the PWM unit can just be left outboard.

E Controller Theory of Operation

A Pulse Width Modulation controller works
by maintaining aconstant DC output voltage
(12.6inthiscase), but delivering that voltage
to theload in pulses of variable width (dura-
tion) depending on the setting. The higher the
setting, thelonger eachindividua pulselasts.

The greatest advantage of this mode of op-
eration is in the control of DC motors. The
speed of a DC motor can be controlled sim-
ply by varying the voltage, but asthe voltage

islowered to reduce the speed, the motor draws more current
and therefore runs hotter. This can increaseto the point where
the motor is destroyed.

However, when full voltageisapplied to the motor with each
pulse, the heating effect does not occur and the speed isreli-
ably controlled by the duration of the pulses. Although we're
not concerned with heat in aproperly designed LED light, the
PWM controller doesoffer efficient intensity control at alower
current consumption than a series pot.

The PWM kit that | used isthe 6067KT from Marlin P Jones
& Associates. The cost is US$12.26 plus shipping. Thekit is
manufactured by KitsRUs, and their websitelistsinternational
distributors. Idb
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COz, GLOAéLL WARMING
POLLENALLERGIES

by Thomas Ogden

This article first appeared in New Scientist Magazine, in London

The benefits of added organic matter to the soil havelong been known and are usually attributed to increased nitrogen, greater
water-holding capacity and an increase in activity of soil earthworms and microbes. But experiments have shown that the
increase in carbon dioxide (C02) release that accompanies added organic matter is certainly one of the main reasons why

adding organic matter to the soil increases plant growth.

Greenhouse owners have long understood that plants con-
sume CO2 and rel ease oxygen. In agreenhouse packed full of
plants, through the process of photosynthesis, the plants can
quickly use up most of the available C02 and then their growth
slows down or stops. To compensate for this, old time grow-
ers used to place boxes or flats of fresh manure underneath
their greenhouse benches. As the manure decomposed it re-
leased COz2 into the greenhouse air and the plants grew faster
as aresult.

In today’s modem greenhouses, especially those with con-
crete floors, lack of C02 is aways a concern. Most of the
newer greenhouse ranges are now equipped with automatic
CO0z2 regulators that CO2 monitor the amount of C0O2 in the air
inside the greenhouse and then release more as needed.

In these greenhouses with their gas growth CO2 generators
the plants don't just grow bigger— they also mature earlier.
So, what hasall thisto do with global warming and allergies?
As we become more and more reliant on burning petroleum
products and as our global temperatures continueto rise, car-
bondioxidelevelsinour air arerising. Beforethelast election
wein the US had assumed, incorrectly, that no matter which

candidate won the election, new controls were going to be
placed on C02 emissions. We know better now.

The US with its huge consumption of fossil fuels, (the U.S.
producesnearly 25 percent of man-made carbon dioxide emis-
sionsworldwide), also isexperiencing thegreatest increasein
CO02. Actually, C0O2 accounts for 80-85 percent of the heat
trapping (greenhouse) gases contributing to global warming.

Theideathat isnow called the “ Greening Theory” holds that
all thisextraCOz2isgood. It will result inincreased plant growth
and thusin resulting increasesin food supplies. Thereissome
merit to this theory but there are numerous downsides too.

Pollen-Allergies

There are many negative effects from global warming but
let’sjust consider one here, pollen production and it’s affect
onalergies. Since 1959 allergieshave dramatically increased
inthe USfrom 2 to 5 percent of the population affected, to a
whopping 38 percent now.

Continued on next page

Page 25


mailto:dk@fox-net.net
http://www.electricitybook.com/
mailto:dk@fox-net.net
http://www.electricitybook.com/

ESSN

August, 2005

Energy Self Sufficiency Newsletter

Page 26

Largely because of the huge horticultural “success’ of the
much over-simplified theory of “litter-free” landscaping we
already have vast urban landscapes that are heavily loaded
with wind-pollinated dioecious male cultivars (clones) of trees
and shrubs. These modem landscape treesresult in surround-
ing air with unnaturally large amounts of alergenic pollen.
Because the “messy” urban female trees are now so rare,
almost none of this pollen is now trapped, removed from the
air and turned into seed. (Female trees produce no pollen,
ever, but they do make seeds, pods, and fruit.)

We have tidy sidewalks but pollen-filled air

Under normal carbon dioxide levels these male cloned trees
will aways produce abundant amounts of pollen. Under in-
creased levels of carbon dioxide, they produce considerably
more. The increase in temperature itself also results in in-
creased pollen production, and in pollen production that starts
earlier in the spring and lasts further into the fall. There is
research that shows that under stress conditions male plants
are ableto take up more water than are females. Under stress
conditions, such as drought, male trees are also able to hold
onto thewater they already have better than arefemale plants.

Where there are abundant water and soil nutrient sourcesthe
increasesin carbon dioxidelevelsin our air will resultinlarger
urban trees, which if they’re allergy trees, will be capable of
producing ever more pollen.

Increases in carbon dioxide increase plant growth but only if
thereis enough available extrawater and nitrogen in the soil
to support thisadditional growth. When the supplies of water
and nutrients are not adequate to support this added CO2-
induced growth interesting physiological things happen in
plants. Foremost, it isan added stress on the plants and stress
often resultsin anincrease in unusual reproduction factors.

A stressed lemon tree, FEs
for example, will often £
produce a huge crop of
tiny, very seedy lemons. | . g
Thisissimply thelemon | g
tree's way of preparing * %
for it’'s own imminent "
demiseand alsoit'sown ¢
legacy of possible seed-
lings. 3

Another stress example: In daily pollen collections taken by
biology professor Dr. Lee Parker and his students from the
top of the Fisher Science Building at Cal Poly, San L uisObispo,
California, taken during the middle of a severe seven year
drought, all-time record oak pollen count levelswere recorded.

In the past twenty years in particular there has been a huge
increase in this planting of male cloned street trees. These
trees can not produce pollen until they mature but with the
increases in CO2 levels, we can predict that they will mature
earlier than expected.

Shannon L. LaDeau, aresearcher at Duke University found
that pine trees grown with elevated levels of CO2 produced
three times the norma amount of seeds and also matured
prematurely.

Lewis H Ziska, PhD, a USDA researcher, recently found
that increased CO2 resulted in huge increases in the pollen
production of ragweed and other weeds.

David Karowe, a researcher at the University of Michigan,
found another interesting factor about increased COz levels
and plants: their leaves contain fewer nutrients than normal.

Nancy Tuchman, biology professor at Loyola University in
Chicago, is also researching the feed value of C02 enhanced
leaves on microorganismsand insects. Shefound that they all
grow slower when fed these “enhanced” leaves. “If al the
plantsareatered onaglobal level, thenit'scertainly going to
affect all the organisms on Earthy she said. “No oneisgoing
to escape.”

Compounding al of thisis that excessive burning of fossil
fuels and the resulting pollution may well be compromising
our very endocrine and immune systems. Theo Colburn ex-
plored thiswell in the very interesting book, “ Our Stolen Fu-
ture”.

Great increasesin the already excessively high rates of urban
pollen, combined with further compromised immune systems,
may well be the recipe for allergies of true epidemic propor-
tionsin the not too distant future.

Dr. Robert C. Stebbins, renowned biologist from UC Berke-
ley, told merecently in aphone conversation, that the planting
of al these cloned mal e dioecious and compromised monoe-
cioustrees, “isaclassic example of how they just didn’t think
about the ecology involved.”

If wedon't start paying closer attention to how we landscape
our cities, and we don't start getting serious about alternative
clean energy sources, rampant alergies and other pollen-re-
lated illnesses may well be the end result.

Thomas Ogden
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SUMMER ON SIPAN

Suzanne Ubick

ON VACATION
AND HAVING A WONDERFUL TIME!

On Sipan, pronounced SHE-pun, the summer daytime
temperatures peak in the low to mid 80s, Fahrenheit,
moderated by the sea. It's hot enough that cicadas start zinging
early inthemorning, and touristsearly turn aninteresting shade
somewhere between puce and deep khaki. The sky is the
true pale blue of hot climates; often it seems as if is the sky
itself that is singing rather than the cicadas.

Although thisis a transition zone between grid and off-grid
living (there is electricity, but people use bottled propane for
indoor cooking, and most userainfed cisternsfor water, backed
up by bought water pumped in from storage tanks supplied by
undersea pipelinesfrom the Dubrovnik River), thereisno such
thing as airconditioning. The thick stone walls of the old
Dalmatian houses coupled with the heavy tiled roofs and
shuttered windows make for adeliciousindoor ambience. The
windows open inward, allowing the shuttersto be kept closed
all day, barring the sun from the tiled or concrete floors yet
permitting air to flow freely.

All photographs taken by Suzanne Ubick personally

RRSECIME
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Lifestyleisthe mgjor strategy here for dealing with the heat.
People get up early and do whatever needs doing; milk the
goat, work in the garden, prune the grapes, visit the store, do
the housework and start dinner cooking. Shops and open air
markets are open early, around 7 am. By 11 am. there's
nothing happening to the untutored eye, and visitorsare apt to
snort at the laziness of the residentswho are sprawling onthe
numerous benches in the plentiful shade. The shops and the
post office are closed, usually till around 3 p.m. in the cities
but until 8 p.m. hereon Sipan, remaining open until 11 or 11.30
p.m. depending on the state of business or the chattiness
of the owner. There are no lawns — too much work,
too much water, not enough use. Beds of bright flowers
dot the edges of the plaza, and demarcate the
waterfront area. These are watered late at night, when
soil and water are alike cool after the day, and thirsty
roots can drink deeply.

Fishing people, for women are as often active in the
business as men, are usually patiently, endlessly running
thread after thread of the nets through their hands,
making a new knot here, cutting out and replacing a
hopelessly damaged section there. Their hands are
brown, thick and calloused, yet amazingly deft.
Watching them work always makes me think of people
saying the rosary, or running their prayer beads through
their fingers, and I wonder if it is coincidence that
Christ’s disciples were fishermen. But most people are
doing nothing, immobile and often as weathered as
gargoyles. Nothing, that is, except strengthening the
bonds of community with a word here, a well-worn
joke there, batting ancient memories about there,
drinking a tiny cup of Turkish coffee or glass of juice
that lasts an hour or more.
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Around noon everybody disappears indoors. The
children come home from school, and alike disappear.
Dinner is consumed, and then people take a siesta.
Kipling noted a century ago that “only mad dogs and
Englishmen go out in the noonday sun” and the Italian
siesta has been noted (and envied) for at least three
times as long.

Meals are simple, to save on preparation time, fuel and heat-
ing up of the house. Some people still have atraditional sum-
mer kitchen in al its glory: a deeply shaded veranda on one
side of the house, with a small woodburning hearth, and a
shallow limestonesink.

Meals are prepared and eaten here, clothes are washed and
ironed in this pleasant cool space. Dinner might well be some
kind of green vegetable, boiled, roughly chopped, and served
with boiled potatoes, flavoured with oliveoil. A dish of dliced
tomatoes will accompany this; the tomatoes are so tasty that
they need no dressing. There will be fresh bread — Dama
tians plan their meals around the bread. Meat, or cheese, or
€ggs, or maybeall three, in small portions, will aso be served,
aswell as other salads. A favoured delicacy isthe male flow-
ersof pumpkinvines, dicedinhalf longways, dippedin crepe
batter and quickly fried. Butter is not seen on the table; olive
oil isfreely used instead, and it's amazing how quickly it be-
comesnormal and deliciousto dip one'sbread init. “ Bevanda’
iscommonly drunk; water flavoured with white or red wine.
People who take their wine neat are said to drink it
“Macedonian style” whichis, of course, lesscivilized thanthe
“Greek style” favoured by bevanda drinkers. Fruit juice is
very popular, and thereisalways“ Trkse kava’ (Turkish cof-
fee) to round off the meal. The evening meal isvery similar,
with fish supplying the main protein source.

Thelong siestaperiod, rather than shortening the day, hasthe
desirable effect of making each day into two, onefairly short,
and then along day of which agoodly proportion is actually
evening. More physical labour isundertaken, if necessary, in
the cool of the evening, followed by a shower and change of

clothes before the serious socializing starts. The fisher folk
set out around 11 p.m., if there is no moon, coming home
around 4.30 a.m. to get their catch sorted and cleaned, loaded
onto the 5.30 ferry to Dubrovnik for sale in the early market.
Meanwhile, the landlubbers are sitting around, watching the
young folks parading, recalling their own youths, repeating
stories their grandparents told them. Sometimes a man or a
girl will start strumming aguitar, or somebody elsewill play a
CD of Dalmatian folk music, and everybody who knows the
words will sing along. There's awell-used bocce ball court,
with deepchested calls of approval and howls of freely ex-
pressed scorn punctuating all the other conversations.

Inclosing, lifestyle adaptationto ahot climateisneatly summed

up in thewords of a Sipansku, Kuzma Stjepovic: “ You know,

it takesalot of timeto live here.” Time, it seems, is the one

thing we lack in our western culture; we' ve replaced it with

technology. Is there a way to blend them so as to have the

best of both worlds?
Suzanne

Sipan is the largest of the Elaphite |slands with a surface area of about
16.5 square km. It is located about 12 nautical miles to the NW of
Dubrovnik and is separated from the mainland by the Kolocep channel
which is about 1500m wide.

Theisland is 9.2 km long with an average width of 2.3km. The highest
point isVelji Vrh (243m) with St Ilija (223m) the second highest.

The only link with the mainland is by boat with the ‘ Postira’ making
three trips a day and car ferry which stops twice a week (once in each
direction) at thevillage of Sudurad.

Sipan has a population of about 500 people, many of who work away

from home in the tourist and maritime industries.
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by Mike Nixon
ETHANOL
C2Hs0H
First of all, let's just recap what was discussed in the first The process is simple. The water-containing v
article on ethanol asafuel (way back in ESSN April 2005— acohol ismixed withlimeat aratio of about 35 =
so I’ve been kept busy doing ESSN'’s layout by our slave-  pounds (or more) of lime for each gallon of T
driver Editor!). It wasshown that ethanol can be mixed with  water to be removed, and alowed to “slake” E.
either gasoline or diesel in various proportions, and that this  for 12-24 hours with occasional stirring . The g
can raise the octane rating so that cheaper grades can be lime reacts with the water to form calcium %

used without the use of pollution producing anti-knock addi-
tives. However, as Steve Spence illustrated so well in his
Biodiesel article last month, the presence of even small
amounts of water inthe blend will result in separation, making
the blend useless.

The highest concentration of ethanol that can be achieved by
ordinary methodsis 190 proof, or 95% al cohol by volume, and
as Steve found out the hard way, less than 1% water can do
the damage at room temperature. As the temperature is low-
ered, amounts as small as 0.01% can cause separation!

200 proof or ailmost 100% ‘dry’ ethanol can be obtained, but
at the cost of more complicated methodsinvolving either dis-
tillation with benzene or distillation at reduced pressure. Al-
ternatively, various substances such as benzene, acetone, and
butyl alcohol can be added to the blend to increase water
tolerance. However, our aim is to reduce pollutants, not in-
crease them, so it is fortunate that simpler ways do exist
whereby ethanol can first be dried so that only a trace of
water remains.

DRYING

The oldest and simplest
method of drying alcohol is
dehydrationwithlime. Or-
dinary lime(calcium oxide,
formula CaO) reacts with
water to form calcium
hydroxide(formula
Ca[OH]2), so the water is
chemically removed.

hydroxide and, asthisisinsolublein alcohal, it
settles to the bottom, leaving relatively pure
(99.5%) acohol at the top of the container.

You can easily assess how much water is to
be removed by measuring the percentage al-
cohol by volume with a spirit hydrometer.
Simplearithmetic will dotherest.

After drying, the usual method of separating
thelime and calcium hydroxide from the alco-
hal is by distillation. However, it is also pos-
sible to use a very fine filter for the job, and
thingscalled “molecular sieves’ arenow readily
available and do thejob very well indeed.

Now all that bother is required if your aim is to use ethanol
with another fuel to make ablend. The good newsisthat all
those problems with water disappear if you intend using the
ethanol alone asyour fuel. It'sthelonger chain moleculesin
gasoline, and particularly diesel, that causeall the problems of
separation, but shorter chain al cohol s associated with produc-
tion of ethanol remain miscible with ethanol, as does any wa-
ter you might have mixed in there. Relatively pure 80-95%
alcohol, when not mixed with gasoline or diesel, sits for as
long asyou likein thetank without separation, and burnsvery
nicely thank you! Theonly snagis, your standard engine has
to be modified to use the stuff. However, as all the major
vehicle manufacturers around the world are now rushing to
produce enginesthat will work quite happily with ‘pure’ etha-
nol (as they have done for years in Brazil), the ground has

Continued on next page
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been prepared for araft of modification kits that make con-
version simple, and getting cheaper every day.

So, if you decideto follow that route, the drying step is unnec-
essary and you should be able to produce your fuel for less
than the cost of gasoline. Youwill find that therewill belittle,
if any performance penalty, and by leaving 5-15% or more
water in the alcohol you al so gain the benefits of water injec-
tion! The only disadvantage is the trouble and expense of
modifying your engine to burn ethanol and the lack of dual-
fuel capability (but I recall reading somewhere that the
backroom boffins are working on that).

The choiceisall yours! Now, although | was an an engineer
inapreviouslife, and loveto get my hands black and greasy,
I do not propose turning this series of articlesinto a clone of
“Popular Mechanics’. My aimissimply to describe how you
can make your own ethanol for fuel, whether you use it to
make biodiesel, as Steve is doing, or intend using it just asit
comes. Maybe | might be tempted later, but I’'m sure that
there are many more competent engine people out there just
panting to contribute articles to ESSN on engine modifica-
tiong! (Hint! Hint!!)

Now, before getting down to the nitty gritty of how you can
make your own ethanol asafuel, let metaketime out to offer
aseriousbit of advice. Most will be awarethat ethanol isone
of those magical cash cows that governmentsrely on to gain
revenue. It doesn’t matter ajot or atittle whether your inten-
tions are upright and honorable, or that your dewy-eyed gaze
isinnocently raised aloneto the admirable goal s of ecol ogical
purity and self sufficiency. If you do not taketime out to first
fill out all the application forms and pay your dues, then you
will be hammered ... and hammered good! Depriving rev-
enue from a government without first being armed with its
Official Sanctionisafar more -
dangerous activity than bare-
handed removal of ajuicy bone
from a possessive dog ... and
goverments have very sharp,
very long teeth! So beforeyou
even think of trying to make
your own ethanol, get al the
necessary permits. It will
makeno differenceat al if you
pleadin court that you werejust
“experimenting with a few
drops, purely for my own use”,
or any other feeble excuse. In
most countries, if you do not first have an approved permit,
thatisILLEGAL! Fortunately, itisNOT illegal to describe
or read about the process!

RAW MATERIALS

Ethanol may be made by the fermentation process from three
basic types of raw materials.

SUGARS in which the carbohydrate (the actual substance
from which the ethanol is made) is present in the form of
simple, directly fermentable sugar molecul es such as glucose,
fructose, and maltose. Such materials include sugar cane,
sugar beets, fruit, cane sorghum, whey and skim milk.

STARCHES that contain more complex carbohydrates that
can be broken down into simpler sugars by hydrolysis with
acid or by the action of enzymesin aprocess called malting.
Such materials include corn, grain sorghum, barley, whest,
potatoes, sweet potatoes, cacti, and so on.

CEL L UL OSE such aswood, wood waste, paper, straw, corn
stalks, corn cobs and cotton, etc.which contain material that
can be hydrolyzed, like starches,to form sugars.

You will seethat all of these raw materials must be treated in
order to end up with sugars, for it isthat which yeast feedson
to make ethanol as a byproduct.

PREPARATION

Obvioudly, if you start out with ordinary sugar then you can
missout alot of intermediary steps, but that will often not be
the most economical way to go.

For astart, I'm going to rule out celluloseimmediately. Cellu-
lose requires the use of strong acid, and cooking under pres-
sure in order to raise the boiling temperature to around 350F
(177C).

Thisis a procedure fraught with dangers, and it should
not be tried by any amateur under any circumstances!!!

ENZYMES

The same process of using acid and cooking under pressure
can be used with starches, but fortunately there are simpler
ways of converting starchesto sugars that are perfectly safe.
If that were not so, then generations of Russians would have
grown up ‘dry’ for the lack of potato vodkal The processis
caled ‘malting’, and involves the use of enzymes to do the
conversion.

Enzymes are interesting critters. They are very large mol-
eculeswith specially shaped cavitiesin them. These cavities

Continued on next page
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are just the right size and shape for a particular molecule (or
group of molecules) tofit into, and when the moleculessitin
the cavity just right, a chemical reaction happens. This pro-
cess is driven by all the energy present in all material — the
constant collisions of molecules against one another, millions
of timesasecond. The enzymesthemselves are not affected
by these chemical reactions, so continue to survive and pro-
cess the affected molecul es continuously.

And another interestingword —‘malting’. What isit? Simply
put, you get the right enzymes when you sprout, or ‘malt’
grain. Thegrainismoistened, then left to start growing. Af-
ter about 5 days, tiny sprouts appear and the seed is in full
production of those enzymes, for it isthey which convert the
starch in the kernel into sugars which the seed uses for food.
The grain is then stopped dead in its tracks by careful kiln
drying and partial cooking in aforced flow of hot air. A pro-
portion of the enzymes produced during malting is partially
inactivated by thiskilning process, so care must be taken not
tooverdoit. Thegrainisthen cracked or milled to break the
husk and expose the enzymes. The enzymes produced by
this process can now be stored and later added to any starchy
dlurry to convert that starch to sugars, and it realy doesn’t
matter where that starch came from ... corn, potatoes, or
anything else you might have to hand — even breakfast
cornflakes!.

In passing, home brewing
afficianados may be smirking as
they think that | forgot to men-
tion that enzymes are not the
only safe method, but that the
Japanese have produced saki
from rice for centuries using
Koji, which is not an enzyme.
Well, just for them, let me add
that several bacteria have the same ability as those enzymes
to convert starches to sugars. Koji is steamed rice that has
had kqji-kin, or koji mold spores, cultivated ontoiit. Thisforms
amold (Aspergillus Oryzage), which creates several enzymes
asit propagates, and these are what break the starchesinrice
into sugars. So (I smirk back), it comes down to enzymesin
the end, no matter how they first saw the light of day!

~

The next stage is to take dl that starch-bearing material and
crushit, mill it, beat it, or generally batter it around to expose
the starch. You then add water to form adurry, and cook that
to gelatinizethe starch. Oncethat isdone, et the whole mess
cool. Add morewater if the mix istoo thick and sticky, then
add a relatively small amount of the malted corn. The en-
zymeswill then start their job of converting all that gelatinized
starchinto sugars. |f you enjoyed making mud pieswhenyou

wereakid, thenthispart of the processwill bring back happy
memories.

The enzymes produced in this natural way can also be ob-
tained in their ‘pure’ form from just about any good brewing
supplier, and added to any starchy durry to convert it into
sugars. Littleisrequired to convert alarge mass for, as ex-
plained before, the enzymes act merely asintermediaries and
are not destroyed in the process. Enzyme extracts are usu-
aly a cheaper option than doing your own malting, and are
also specifically designed for thejob. You aretherefore more
likely to get predictable resultsand higher yields.

Thethree basic types of commercialy available enzymesare
alpha, beta, and gluco amylases. Alpha amylases randomly
split the starch molecules to produce a type of sugar called
dextrose. Beta amylases act similarly to produce maltose.
Gluco amylases can reduce the remaining starches, and the
use of all three can achieve amost total conversion of the
starch.

Thereisasimpleway of checking progress when converting
starches to sugars, and that isthe iodine test. Simply take a
small sample of the mix and strain it to remove solids, then
add adrop of iodinetincture to theliquid. lodinetinctureis
what Grandmaalways painted cuts and grazeswith (and which
istill usedinhospital operating rooms), and should bereadily
availableat any chemist/drugstore. If it turnsbluethen starches
are still present and you need more time for the enzymes to
do their work.

To summarize, the processes for all sugar- or starch-bearing
material are these:

Break up raw sugar-bearing material and extract the sugars
by seeping in water and/or crushing,

OR:

Break up starchy materials and cook with water to form a
gelatinous slurry. Dilute with more water if the mix ends up
being too stodgy and viscous, then add enzymes to convert
the starch to sugars.

FERMENTATION
You should nhow have agood quantity of sugar ready for fer-
mentation. However, before you start that, you have to en-
sure that the mix, usualy called ‘wash’ or ‘mash’, is suffi-
ciently diluted so it doesn’t foam too much when the yeast
startsto produce carbon dioxide. The amount of this gasthat
is produced in the early stages of fermentation can be quite
considerable, and if thewash istoo ‘sticky’ then it will foam
and make a horrible mess. The acidity of the wash also has
to be carefully adjusted as this can have a big effect on the

fermentation. Continued on next page
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ACIDITY

Acidity isusually measured as pH. Thisisameasure of the
acidity or akalinity of an agueous solution expressed on a
scaeof 1-14. pH1ishighly acid, pH14 ishighly alkaline, and
pH7 isneutral. It's most conveniently measured with test pa-
pers that change color according to the pH of the solution
being tested. These papers are readily available from swim-
ming pool supply houses, garden shops, and laboratory supply
companies.

Control of acidity during the mashing and fermentation pro-
cess is important for two reasons. The growth of harmful
bacteriais retarded by acid solutions, but the yeast will only
grow if the wash is dightly acid. Most grain mashes have a
naturally acid pH of between 5.4 and 5.6 after malting has
been accomplished. Other materials, particularly sugar bear-
ing raw materiaslike molassesor fruit pressings, have anatu-
rally alkaline pH and must be acidified prior to fermentation.

The most common bacterial contamination resultsin the for-
mation of lactic acid. We're not concerned about the taste of
the product, for it's going in the gas tank, but any lactic acid
that may be formed subtracts from the yield of alcohol, and
should therefore be avoided as much as possible. The devel-
opment of these bacteriais severely repressed at acid values
pH5 or less, but their growth is rapid in alkaline conditions.
You should try for an optimum pH range of 4.8 —-5.0and, if it
ishigher than that, then it should be reduced by the addition of
acid. Conversdly, if itistoo low, then add abit of alkali. The
acid most commonly used when making ethanol for fuel is
diluted sulfuric acid (battery acid), although any mineral acid
isperfectly suitable. Hydrochloric (muriatic) acid, for example,
isavailablefrom swimming pool suppliers. Theacid should be
added cautioudly, and the mash stirred while you are doing
that.

ABOVE ALL, REMEMBER THESE
SAFETY RULES:

If dilutingsulphuricacid then ALWAY Sadd theacid tothe
water —NEVER theother way round!!!

I f you add water to concentrated sulphuricacid then the
water will boil and spit dropsof hot acid all over you!!!!

Wear eyegoggles, rubber glovesand and afull apron
whenever handling strong chemicals!

Alwaysbenear runningwater in caseany chemical splashes
onyou! Wash thechemicalsoff
immediately and, if necessary, seek immediatemedical
attention!

While adjustment during mashing isdesirable, the proper pH
during fermentation isabsolutely essential . As soon asthe pH
falls below about 4.1 the fermentation stops. If this occurs
prior to complete conversion of the sugars, the yield will be
low. On the other hand, yeast needs a dlightly acid environ-
ment in order to grow, and actually secretes acidsin order to
promotethis. Consequently, the pH should be regularly moni-
tored and kept between 4.8 and 5.0 for optimum results.

Once the pH goes beyond the optimum range, attempts to
salvage the process by adding acid or caustic soda do more
harm than good. So keep a close watch and adjust before the
pH goes out of range.

So, not only do you now have all your sugar ready, but you
have also carefully checked that the“ acid climate” in the mix
is perfect for the yeast you are about to add. Before you do
though, and if you are using dried yeast, make sure that you
first hydrateitin avery weak sugar solution. It'sno different
for yeasts asit iswith us ... they just hate being turfed head-
long into a party immediately after being rudely woken up
from adeep dleep. Give them timeto recover and grow nice
and plump, nudging their interest with that small amount of
sugar. Just half an hour for ‘breakfast’ will do, then you can
safely add them to the main brew and get to work.

At first, while thereis till plenty of oxygen dissolved in the
dlurry, theyeast will go into an orgy of reproduction!

east in a frenzy of aerobic reproduction

Now | don't know what your moral outlook is on this rather
unseemly behaviour, but you have to make a choice. While
reproducing in this frantic manner, the yeast has no time for
anything else. However, once al the oxygen they need for
this has been used up, then they stop all that licencious
behaviour and settle down to make ethanol. Bit of a social
dilemmareally —isit better to | et the yeasts give way to un-
bridled passion shortly after being woken up, or better to have
them concentrate instead on making that demon likker?

Asit turnsout, the choice is taken out of our hands, for with-
out that first aerobic (with oxygen) frenzy there would not be
enough yeast to make any significant amounts of ethanol un-
der anaerobic conditions (no oxygen).

Continued on next page
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SUGAR CONTENT vs ALCOHOL

OK. We've now covered all  Just afinal note, some may be wondering what sort of yield
the basic steps you need to  they can expect. Well, on average, the amount of alcohol that
take in order to start making can be produced from a given feedstock will be about half of
ethanol, andinthenext article  the convertible starch or sugar content — on aweight/weight
I will describehow youextract  basis. Ethanol weighs about 6.6 pounds per gallon. A ton of

: = it from the fully fermented grapes, for example, with a 15% sugar content is capable of

’ - “_ i [ wash. It'sagoodtimetotake producing about 150 pounds or 22.7 gallons of acohol (as-

P2 ! :-'ié?'- - L abreak anyway, for you will  suming 100% extraction). Corn, with 66% convertible starch

(6T it P ) need abit of timetogetall the  should produce 660 pounds or 100 gallons. Remember, thisis

Y A P S ey roper permits eed i I imation and actual yield depend in-

o o) A . proper p you need in  only an approximation and actual yi epends on many in
Gl 0 order to carry out the next  terrelated factors.

Placi N s, o e L stage, thatof distillation. Mike Nixon

Ghost Writing N
Hey folks, do you have experiences you'd like to share
with other ESSN readers. Many of you have energy self
sufficiency related experiences or information that you' d
like to share with ESSN readers. If you' re comfortable
writing, please submit your articleto

essn@rebelwol f.com.

On the other hand, if you' d rather not do your own
writing, this forumis the place where you can get together
with folkswho' d like to do somewriting with you:
http://www.green-trust.org/forum/viewtopic.php?p=1050.
So, if you're one of those folks who wants to work on a
collaborative article, just post here that your available and .
check out the posts from the folks who are looking for Al . 35to 55 Gallon Do-lt-Yourself
you. ; Biodiesel Processor Kit

I’m hoping to see alot of fresh content for ESSN come This kit contains everything you need to make a biodiesel

from thisforum. We' Il be waiting for your posts. All of processor at home. You'll need to provide the 50 to 80
youl! gallon water heater (used water heaters are often available

for free). A full set of directions is included. It only takes a
few hours to assemble. Make your own fuel for as little as
$0.70 per gallon! Other processors sell for $3,000 and
don't heat oil properly for winter processing.

z
s

Includes:
Powerful Utility Pump
Ball Valves
Temperature Indicator
Connectors, Clamps & Tape
Safety Glasses, Gloves & Apron
100 Page Biodiesel Homebrew Guide (by Girl Mark)

Please email with any questions:
service@biodieselwarehouse.com
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OnSite Renewable
Energy Products!

> Energy Efficient Building Materials
> Solar Hot Water Heaters and Accessories
» Super Energy Efficient Appliances
» CF, LED, Solar and Day Lighting
> Hydrogen Generation and Storage
And much, much more!

Currently being updated for 2005!
Digital or paper version available*

If you have have seen the rest, try the BEST! Na)
Order Onlineat: i S
www.beutilityfree.com
Or Call 888.320.9211
Check it out!
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*paper copy printed with solar electricity!

This is the heaviest duty 12.5 kW generator ever built
combining the 2-71 Detroit Diesel engine with
extremely heavy duty Delco or Emerson brushless
alternators. The alternators are all copper wound
and usually load test at over 15-20 kW.
The 2-71 diesel is the best engine because of its
simple design, extremely heavy duty construction,
reliability, low 1200 RPM, parts available worldwide,
and because it is easy and inexpensive to work on
and rebuild.
THIS IS THE GENERATOR STEVE SPENCE CHOSE
FOR HIS OWN BIODIESEL SYSTEM!

We offer cmpletely rebuilt units starting at $4,395
FOB. We can add gas tanks and mufflers at
additional cost.

www.affordablepower.com

K 1-888-454-1193x 4 J
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3 )

ESSN Classified Ads

FOR SALE -- 12.5KW Biodiesd generators. Com-
binesthe 2-71 Detroit Diesd enginewith an extremely
heavy duty Delco or Emerson brushlessaternator. This
is the generator Steve Spence chose for his own
BIODIESEL system. Rebuilt unitsstarting at $4395.
Non-rebuilt units starting at $1995.
www.affordablepower.com 1-888-454-1193 X3

\s J
a )

ESSN
Classified Ads
are an effective

and
economical
way
to get your
message out to
the
Renewable Energy
Community

ads@rebelwolf.com
\& )

fEnergy Self Sufficiency Newsletter is publishedﬁ
monthly online at www.rebelwolf.com. The pub-
lication is free and unlimited printing and distri-
bution is encouraged for the benefit of the re-
newable energy community. All contents are
Copyright 2005 by Rebel Wolf Energy Systems.
Please contact us for reprint permission. All
printed copies and electronic distribution must
contain the entire publication including this no-
tice.

essn@rebelwolf.com

f

\ What have you got to offer? Y,

Ad Rates )

Full Page
72" W X 9% H
$250/month
$1000/6 months
$1800/year

Half Page
41 HX7%” Wor 3/ W X9 H
$150/month
$600/6 months
$1000/year

Quarter Page
3 WX H
$100/month
$400/6 months
$700/year

Eighth Page
3¥W X2/ " Hor 18/ " W X 4[” H
$75/month
$300/6 months
$500/year

Classifieds
$0.25/word/month
20 word minimum

Submit ad copy or advertising inquiries to:
ads@rebelwolf.com

Want to barter for ads?

a )

Circulation Info
ESSN exceeds 21,000 downloads!

After only seven months of publication our circulation,
measured by downloads of the PDF and HTML files,
exceeded 21,000 last month for the first time. As the
word of our existence spreads, and our content increases,
wewill continue to share our experiences (and yours) in
off-grid living and energy self-sufficiency with folks
around theworld. Thanksfor your interest and your sup-
port. Idb

\s J
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