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Advance Praise for Serious Microhydro

Microhydro is the renewable of choice for anyone with available
flow, or if you're just curious about the culture. Scott Davis’ book
summarizes much of the cumulated wisdom. It’s required read-
ing for anyone thinking about going hydro. Practical; clearly
written. I was fascinated.

Paul Craig

Former Chair,

Sierra Club National Global Warming
and Energy Committee

We at PowerPal are delighted to see Scott’s new book, Serious
Microhydro, as we are sure that it will quickly become the “go to”
reference book for anyone seriously contemplating a project to
generate electricity from the energy of running water. It is an ex-
cellent follow-on from his first book, and the many case studies
are both factual and fascinating. Again, we will be recommend-
ing this new book to many of our clients.

David Seymour
President & CEO of
Asian Phoenix Resources Ltd.

Scott Davis brings together an excellent collection of micro-
hydro experiences. Serious Microhydro provides an essential
source of information for those interested in developing micro-
hydropower, and for anyone interested in learning more about
it. This collection clearly shows the importance of hydropower
in providing renewable energy for a sustainable future.

Ghanashyam Ranjitkar

Hydraulic Energy Engineer, Marine Energy Group
Sustainable Buildings and Communities-RET
CanmetENERGY

Natural Resources Canada
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DEDICATION

I'd like to dedicate this book to my family,
who make it all possible:

To my wife and partner of many years, Bonnie Mae Newsmall
(with her hand on the valve in the photo),
and our daughter Alannah
(standing just behind me in the hat).

And of course to my parents:

Roy, the photographer here whose expertise at things mechanical
saved this initial start-up of this, my first microhydro system.
And to my mother Della (behind me there, as ever),
who died June 30, 2008.

Roy Davis

Many hands make lights work!
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Introduction

Using This Book

« How is water flow estimated?
« What are the costs of a project?
« How much power is enough for a high

Serious Microhydro brings together dozens of
perspectives on the experience and context of
generating power from small water-powered

alternators. While microhydro can be the most
cost-effective renewable energy technology, it
is still challenging to find relevant material to
learn about the topic. For whatever reasons,
microhydro has not been marketed nearly as
well as photovoltaics or wind power. There has
never been a market study of microhydro. So,
any assumptions or generalizations may only

standard of living?

« What part of an energy budget could be

served with heat, and what part of the
budget actually needs electricity?

« How much drop is necessary to generate

power?

« What renewable energy incentives work

best?

« How is debris kept out of a turbine?
e How can an airlock be cleared from a

reflect individual experience or prejudice.
This collection represents dozens of view-

points over decades and could be considered pipe?
the next best thing to such a market study. « What is the best way to share power be-
Serious Microhydro will help us understand tween households?

« Can surplus power be sold?
« How far can the turbine be from the point

important elements of current microhydro

practice — such as the ratio of systems with or
of use?

« Where can money be saved — or better —

without batteries — or even what an average or
typical system might look like.

Testimonials are powerful teaching and
sales tools. Microhydro is like other renewable
energy technologies in that its proponents
must convince prospective customers that a
high standard of living can be possible with
much less power than they are accustomed to
using. Here the reader can find dozens of spe-
cific examples on this and a number of other
important questions about the context of mi-
crohydro in renewable energy:

Xiii

where and how should a limited budget
be spent?

« How can occasional surpluses of power

be used?

« What are the barriers to microhydro

project development where utility power
is available?

o What does the future hold in store for

microhydro?

« How can people get the experience with
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renewable energy issues in general, and
with microhydro issues in particular, that
is needed to make informed decisions?

Stand-alone power is usually more expensive
per kilowatt than utility power. In small proj-
ects economies of scale are lost, but the pric-
ing to provide a stand-alone power supply also
approaches ideal full-price accounting much
more closely than utility rates do. The micro-
hydro project developer isn't externalizing en-
vironmental and social costs. That developer
receives none of the outright subsidies which

are subsidized by externalizing environmental
and social costs.

To solve the energy crisis and get a stand-
alone power system that is big enough without
being too big, affluent North Americans must
realize that a high standard of living requires
buta quarter of their current power consump-
tion. This means that we will recognize that
common appliances are incredibly inefficient,
and that we've continued to use them only
because we have never paid the full price for
power (or many other commodities, for that
matter). Now that compact fluorescents are
more common, demonstrating this point is
easier.

...ifregular affluent North Americans realized that a high , ,

- _ Confusion, however, reigns as a result
standard of living only really needed a quarter of their _ _
of distortions brought about by low energy

current power consumption, that would be the end of , )
prices and poor environmental standards. For

the energy crisis as we know it, would it not?...

distort the costs of on-grid projects. Off-grid,
the user pays for capacity, timing and quality
of power in a way that makes energy efficiency
sensible. The point is that a high standard of
living is possible with a fraction of current
consumption. People who build their own
power systems learn valuable lessons about
energy realities which the reader can share.
These people find out that clean energy for a
high standard of living is affordable. If every-
one realized the full implications of this basic
truth, there would be little reason for an en-
ergy crisis.

So, precisely as you have heard people
say for decades, you just can't afford to waste.
What is affordable from clean power is a high
standard of living. What is not affordable is the
kind of waste that happens when energy prices

example, as renters we have a refrigerator that
proudly claims to use 145 kilowatt-hours per
month. By contrast, a Danish refrigerator (the
Vestfrost) uses about 30 kilowatt-hours per
month. Danes and many others pay a lot for
residential power. There are many examples,
from lighting to refrigeration, in which North
Americans use many times as much energy
as necessary. Even today, Canadian hospitals
use six times as much power as Swiss hospi-
tals even though Swiss electricity is only about
twice as expensive.

Power from photovoltaic panels is rela-
tively expensive in terms of upfront costs. So
it is straightforward to demonstrate that it
would be a much better idea to buy a US$4,000
refrigerator that only uses 16 kilowatt-hours a
month than to buy a dozen or more panels at
US$1,000 each and perhaps upgrade the bat-
tery/inverter subsystem to generate the ad-
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ditional power necessary to start and run a
less efficient refrigerator. Many of the articles
in this book have detailed load analyses that
show how, with efficient equipment, the wide
variety of modern conveniences can be pro-
vided from an astonishingly small electrical
power output.

Microhydro, where available, is the most
cost-effective renewable energy technology.
Thus, microhydro systems are relatively more
powerful from the standpoint of kilowatt-
hours per dollar invested. In practice, this
means that even an average-sized microhydro
system can put out a remarkable amount of
power, surpassing all but the largest photo-
voltaic systems. So anything a PV-powered
system can do, like charge up electric vehicles,
can be done with a much less expensive micro-
hydro system —if, of course, the water power
resource is available.

In fact, most of the microhydro systems
described in this book produce enough power
that provisions for dumping the excess are
required. My own system, described here in
“The Small AC System” (Chapter 5), had base-
board heaters on the back porch to dump ex-
cess power in the summer. More power could
have been generated from the site, but we
found that without a grid to sell to, the amount
that a single household could use, even as free
heating, had its limits.

Always keep both costs and benefits in
mind. In stand-alone situations, the benefits
from producing more power show distinctly
diminishing returns. At the same time, costs
in these situations go up pretty much in a
linear fashion, with a larger system costing
somewhat more than a smaller one.

How Much Power is Enough?

There is a rule of thumb amongst microhydro
developers, repeated more than once in these
articles, that a system producing 300 continu-
ous watts, and with the appropriate battery/
inverter subsystem, will provide modern con-
veniences at reasonable cost for the off-grid
household. In this book you’ll also find many
examples of people doing very well on even
less. Even better efficiency is possible and af-
fordable. If you listen to the users of photovol-
taic and wind power systems, they say that the
first 100 kilowatt-hours per month is essential
for a high standard of living.

These essential kilowatt-hours are costly
to provide with other technologies. Although
it is commonly said that diesel-powered gen-
erators can produce power for 40 cents a
kilowatt-hour, small stand-alone units, pow-
ering household loads and maintained by their
owner, seldom get this cost-efficient. Using a
generator for light loads such as illumination
increases maintenance cost. Diesels need to be
quite heavily loaded to be efficient, and lights
just don’t provide this kind of load.

As an oft-grid project developer, I found
many a heap of dead generators at otherwise
green and organic homesteads, each genera-
tor bigger and more expensive than the last.
Costs can easily double or more when main-
tenance and depreciation are figured in.
That’s why people like PV systems, even when
power from such a system costs a dollar or so
a kilowatt-hour.

Since PV systems work more or less every-
where to provide power, figuring that the first
100-200 kilowatt-hours per month might cost
up to a dollar apiece is not unreasonable. Since
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there are approximately 720 hours in a month,
then a microhydro system that produces as
little as 140 continuous watts will provide 100
kilowatt-hours in a month.

A system producing 200 kilowatt-hours
per month is quite handy, if only because more
ordinary appliances may be used. Unlike pho-
tovoltaics, the costs of producing a larger mi-
crohydro system may not be as directly related
to the output. Sometimes, more power can be
produced with relatively little expense, like
going uphill a little farther, using a little more
water with bigger pipe or by getting more ef-
ficient technology.

Then When Do We Quit?

Off-grid, power outputs over the level of a
couple of hundred kilowatt-hours per month
are used to provide heat, one way or the other.
Inefficient appliances heat the air, but this en-
ergy can also be captured to heat water or in
space heating. This kind of power is less valu-
able, since low grade energy demands can be
met with a variety of technologies that are
less expensive. These include insulation and
solar water heating. Consider kilowatt-hours
in excess of 300 to be much less valuable to
the stand-alone system, certainly half or less.
In addition, demand is limited. There is only
so much hot water that even the most enthu-
siastic household can use, say another couple
of hundred kilowatt-hours a month, and then
power is used for space heating.

Space heating can consume thousands of
kilowatt-hours per month in a cold climate,
but again, this energy is even less valuable.
Many heating requirements are more the con-
sequences of poor design and lack of insula-
tion. The value of kilowatt-hours in excess of

1,000 or so per month is a quarter or less of the
value of the first couple of hundred kilowatt-
hours.

There is another innovative and important
use for the output from larger systems, which
is to power electric vehicles. Although the
deep backwoods oft-grid kind of site where
microhydro systems are commonly found is
often not the best place for electric vehicles,
the fact that these vehicles use about 300 watt-
hours per mile has to be one of the best uses
for the output of larger systems. The possibil-
ity of free fuel indefinitely from your water
system has got to be a significant incentive.

Why take my word for these assumptions?
Here, in Serious Microhydro, you can go di-
rectly to primary source after primary source
to find testimonials about how well systems
meet peoples’ needs. Some of the very small
systems seem to meet needs very well.

What Does the Typical
Microhydropower System Look Like?

Compare and contrast the specifications of
the dozens of sites in Figure 1: Case Studies by
Head. Note that the median size system here is
about 200 watts, although this is relatively dis-
torted by the large number of ESMAP (Energy
Sector Management Assistance Programme,
Ecuador) case studies which used systems that
size. It does say something about minimum
system size and performance, however. If you
onlylook at North American sites, the average
output is about 400 watts. This is less than half
of the average consumption rate on-grid, yet
nowhere will you get the idea that people are
sacrificing very much.

This chart can help you visualize a poten-
tial site. To understand the issues involved,
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just find a case study here that has a similar
head (the drop that water undergoes to pro-
duce power). Imagine you have a nearby creek
to develop with 50 feet of head available. Look
at sites in the figure with about 50 feet of head.
Since size is money, seeing how others meet
their needs can be most enlightening. Re-
member, too, that there’s no rule that you have
to use all the head available. With an adequate
flow of water, there may be much more conve-
nient solutions using five or ten feet of head.
So then, a place with a total of 50 feet of head
might have numerous possible five or ten foot
sites.

The heart of this book is in the dozens of
case studies which illustrate the range of solu-
tions to providing power from local resources.
This range is astonishingly wide because sites
vary so much in head, flow and output — plus
every site has many other unique elements. In
Serious Microhydro, heads range from 1.9 feet
to 746 feet. The flows of water from one site to
another vary from under ten US gallons per
minute to over 17,000. Outputs range from 30
kilowatts, powering a wilderness lodge, down
to 18 watts, providing a light or so for a remote
household. Different people make diftferent
demands upon the resource. So, at any given
site there may be many different kinds of tech-
nology that might be appropriate.

The case studies are divided into three
groups, according to the static heads available
at the site, and thus, also grouped according
to the technology involved. The classic micro-
hydro site — the one most people would think
about when they hear the word —would be a
powerful, high head AC site in rainy moun-
tains. These classic sites comprise the group in
Part I.

xXvii

However, similar if smaller technology can
also extract power from much smaller grav-
ity water systems, such as provide water to re-
mote households. These systems might in ad-
dition use a battery/inverter subsystem, like a
PV or wind system does, to make much from
little. This remarkably large and various bunch
comprises Part II.

Part III groups together low head sites.
Generating power from the volume rather
than from the pressure of the water is done
with a variety of technologies, from the over-
shot waterwheel to the propeller-type turbine.
Pay close attention to the possibilities of in-
novative low head technology.

Part IV addresses various issues involved
in developing a successful system —from a
classic introduction to the topic, to history, to
technical hints, troubleshooting techniques
and innovative solutions to some design prob-
lems. What will not be found here are any of
several good, detailed, introductory articles
about microhydro in the literature. Just as
there is little agreement about simple things
like nomenclature, there are surprising and
confusing contradictions from one introduc-
tion to another.' It's much better to hear people
discuss their own experiences, as they do here,
and take what you need from it. The classic
“Microhydro Power in the Nineties” (Chapter
35) introduces elements that are essential to
designing and operating a successful system.

Part V concerns the future of microhydro.
The rise of energy farming, net metering and
grid intertie means that there are wonderful
future opportunities for microhydro where
utility power is available. All that seems to be
needed are appropriate incentives, ones that
make renewable energy practical.
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At this time, microhydro still performs
best in the off-grid environment. In a world
where so many people are without electricity
and are spending a lot of the dollar or two a
day they earn on kerosene, appropriate incen-
tives can bring power to those with none. Part

SERIOUS MICROHYDRO

V concludes with the proposal for the Stream-
works project, which seeks to provide microfi-
nancing for microhydro.

However you use this book, good luck!
And now, on to the projects themselves.



Case Studies by Head

Static Flow

Head (in US Output

in gallons (in

Feet Chapter Location per minute) watts) Type Use

1.9 24 US 3,890 390 130 volt DC Single family full-time
System 2 Battery residence

3 24 US 17,640 4,550 130volt DC Single family full-time
System 3 Battery residence

4 24 US 16,382 7,000 250 volt DC Single family full-time
System 5 Battery residence

4 29 Australia 3,200 1,200 240 volt AC Uses pumped storage

Battery/inverter and multiple turbines

5 24 UsS 539 390 130 volt DC Single family full-time
System 1 Battery residence

5 30 Ecuador 1,100 400 220 volt AC Note use of two turbines
Units #6120 (2x550) (total) to service two house-
and 6353 holds

5 30 Ecuador 550 200 220 volt AC Serves three households
Unit #6121 with four 20 watt lamps

and two radios in total

5 30 Ecuador 950 500 220 volt AC Powers a demonstration
Unit #6123 site

5 30 Ecuador 550 200 220 volt AC Provides power for a
Unit #6125 house

5 30 Ecuador 550 200 220 volt AC Powers four households
Unit #6127 each with a 20 watt lamp

and a radio

5 30 Ecuador 550 200 220 volt AC Powers four households

Unit #6128 each with a 20 watt lamp

and a radio

XI1X

Scott L. Davis
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Static Flow
Head (inUS Output
in gallons (in
Feet Chapter Location per minute) watts) Type Use
5 30 Ecuador 550 200 220 volt AC Powers a household with
Unit #6131 two 20 watt lamps and a
radio
5 30 Ecuador 550 200 220 volt AC Powers four households
Unit #6134 each with a 20 watt lamp
and a radio
5 30 Ecuador 2,200 800 220 volt AC Note use of four turbines
Units #6136, (4%x550) (total) to service four house-
6355, 6130 holds
and 6132
5 30 Ecuador 550 200 220 volt AC Powers a household with
Unit #6138 three 20 watt lamps and
a radio
5 30 Ecuador 550 200 220 volt AC Powers four households
Unit #6350 each with a 20 watt lamp
and a radio
5 30 Ecuador 550 200 220 volt AC Powers three households
Unit #6351 and a poultry breeding
hut
5 30 Ecuador 550 200 220 volt AC Provides electricity for a
Unit #6352 household
5 30 Ecuador 1,660 600 220 volt AC Note use of three tur-
Units #6356, (3x550) (total) bines to service three
6341 and households
6122
5 30 Ecuador 550 200 220 volt AC Powers a school, teacher’s
Unit #6357 house, workshop and
community center
5 30 Ecuador 550 200 220 volt AC Powers three households
Unit #6359 (one 20 wattlamp and a

radio each) and a cheese
factory (one 20 watt lamp
and a radio)
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Xxi

Static Flow
Head (in US Output
in gallons (in
Feet Chapter Location per minute) watts) Type Use
6.5 27 Australia 1,800-3,000 250- 24 volt AC Single family full-time
300 Battery/inverter residence
6.5 28 Australia 800 450 120 volt DC Single family full-time
Battery/inverter residence
10 24 US 1,825 1,950 130volt DC Single family full-time
System 6 Battery residence
14 26 Northern 449 2,500 120volt AC Single family residence
California and farm
15 24 US 972 1,560 130 volt DC Single family full-time
System 4 Battery residence
16 23 Michigan 75 115 12 volt DC Single family residence
Battery/inverter
17 25 US 5,400- 12,000- 120/240 volt AC Two full-time residences
30,000 30,000 and shop
20 30 Ecuador 95 200 220 volt AC Demonstration unit that
Unit #6550 powers two 20 watt
lamps and a radio for a
small household inside
the training institution
20 30 Ecuador 95 200 220 volt AC Powers two households;
Unit #6551 oneis an ecolodge
20 30 Ecuador 95 200 220 volt AC Powers the main hall and
Unit #6557 kitchen of a church plus
two households each
with a 20 watt lamp and
a radio
26 30 Ecuador 95 200 220 volt AC Powers a household with
Unit #6555 two 20 watt lamps and a
radio
26 30 Ecuador 95 200 220 volt AC Powers a household with
Unit #6559 two 20 watt lamps and a

radio
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Static Flow
Head (inUS Output
in gallons (in
Feet Chapter Location per minute) watts) Type Use
27 22 Northern 35 50 24 volt DC Single family residence
California Battery/inverter and business
30 20 Connecticut 80 150 24 volt DC Single family residence
Battery/ inverter
30 19 Washington 160 525 48 volt DC Single family residence
Battery/inverter
35 18 Eastern US 20 21 12 volt DC Weekend cabin
Battery
40 30 Ecuador 95 400 220 volt AC Residence
Unit #6553
40 17 Northern 12 18 12 volt DC Single family full-time
California Battery/inverter residence
40 16 Northern 9.7 18 12 volt DC Eichenhofer full-time
California Battery/inverter residence
55 Home Power CostaRica 73 410 28 volt DC Induction generator
#71 (June/ Battery/inverter for Lebofamily full-time
July 1999) residence
55 Home Power CostaRica 300 380 258 volt AC Induction generator
#71 (June/ Battery/inverter for Llano full-time resi-
July 1999) dence
65 12 Bolivia 82 “similar Mechanical The Watermotor powers
to % drive tools directly from the
horse- turbine
power
motor”
65 Home Power CostaRica 185 630 334 volt AC Induction generator for
#71 (June/ Battery/inverter Stewart/Bomene resi-
July 1999) dence
72 16 Northern 10 33 12 volt DC Hanauer family full-time
California Battery/inverter residence
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Xxiii

Static Flow
Head (in US Output
in gallons (in
Feet Chapter Location per minute) watts) Type Use
75 15 North 65 400 57 volt DC Grid intertie
Carolina Grid intertie
inverter
78 14 Nicaragua 21 125 12 volt DC Central battery shed
Battery provides lights and other
small loads for a village of
nine households
81 Home Power CostaRica 55 375 415 volt AC Induction generator for
#71 (June/ Battery/inverter Buena Vista lodge
July 1999)
100 6 Northern 20 120 12 volt DC Pullen family full-time
(est.) California Battery/inverter residence
100 11 Queensland 9.5 30 12 volt DC Residence and research
Australia Battery/inverter station
103.5 10 Ashland 45 288 24 volt DC Household and business
Oregon Battery/inverter
112 5 Canada 550 3,200 120 volt AC Provides considerable
space heating for ranch
as well as many modern
conveniences
138 6 California 90 2,500 120volt AC Gene Strouss full-time
residence
148 Home Power CostaRica 60 410 415 volt AC Induction generator for
#71 (June/ Battery/inverter home and lodge under
July 1999) construction
161 8 us 22 430 24 volt DC Powers a home and tur-
Battery/inverter bine business
170/ 4 McMinnville 500 4,100 240 volt AC Independent power pro-
85 Oregon Grid intertie ducer (two turbines, one
alternator)
173 Home Power New Zealand N/A 68 17 volt DC Hybrid with PV system

#49, (Oct/
Nov 1995)

Battery/inverter
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Static Flow
Head (inUS Output
in gallons (in
Feet Chapter Location per minute) watts) Type Use
175 6 California 10 97 12 volt DC Creasy family full-time
Battery residence
180 6 California 15 180 24 volt DC Stan Strouss full-time
Battery/inverter residence
180 13 California 9 150 24 volt DC Retreat Centre
Battery/inverter
190 Home Power CostaRica 21 180 415 volt AC Induction generator for
#71 (June/ Battery/inverter Bosque Del Cabo lodge
July 1999)
200 9 Oregon 35 600 24 volt DC BLM guest ranch dem-
Battery/inverter onstration site 24 volt
upgrade
200 9 Oregon’ 45 168 24 volt DC BLM guest ranch 12 volt
Battery/inverter system
210 7 Vermont 38 430 200+ volt AC Single family full-time
Battery/inverter residence
280 6 California™ 110 3,000 120volt AC Gary Strouss winter
system
280 6 California 10 120 12 volt DC Gary Strouss summer
Battery/inverter system
315 3 Golden BC 220 12,000 240/600 volt AC Lodge
328 29 Australia 30 1,200 240 volt AC Pumped storage for low
flow
328 29 Australia 8 120 12 volt DC Very low flow option
pumped storage
550 2 BC 225 12,600 240 volt AC Club
746 1 Colorado 1,100 30,000 480 volt AC Independent Power Pro-
Grid intertie ducer/net metering




PART 1

Classic High Pressure Sites

Classic microhydro sites look very much the
way people expect water power technology to
look. Towering mountains and rainy climates
make microhydro a natural source of power.
Here, gravity water systems are common and

may be put to use making hydroelectricity for
sale to the local grid, as they do in Chapters 1
and 4. More commonly, these sites power off-
grid lodges and clubs (Chapters 2 and 3).



Sustainable Skiing —
Snowmass SKi Area Gets Hydro

AUDEN SCHENDLER

The histories of Aspen, Colorado, and hydro-
electricity converge underground. Silver lodes
drew the miners who first established Aspen.
And Lester Pelton, the inventor of the modern
waterwheel, was a gold miner in California.
Both were pursuing a holy grail — vast wealth
from the earth’s natural resources.

The silver miners found it in Aspen, once
in the form of a 2,200 pound silver nugget.
Pelton discovered no gold, but he extracted
something more valuable —an efficient way
to make clean energy from falling water. One
hundred and forty years later, his invention,
the Pelton wheel, is being put use in a ski re-
sort near Aspen in a revolutionary way.

Sustainable Vision
The silver lodes are long since tapped out, but
there is a new grail, of sorts, for the residents of
this resort town. It is the idea of a sustainable
community, one that can thrive with minimal
impact on the environment. In the big picture,
the main barrier to that vision is energy use.
As Vijay Vaitheeswaran points out in
Power to the People, his superb book on global
energy issues, - The needlessly filthy and inef-
ficient way we use energy is the single most

Auden Schendler

destructive thing we do to the environment.”
The average US household is responsible for
the annual emission of 23,380 pounds of car-
bon dioxide, the primary greenhouse gas,
much of that from electricity use. Now, con-
sider the emissions from plugging in a ski
resort. And yet, “With enough clean energy,’

The microhydroelectric plant on Fanny Hill now has
an educational display that will be viewed by an
estimated 750,000 skiers annually.

| SNOWMASS MICROH YDROELECTRIC PLANT |
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4 SERIOUS MICROHYDRO

Vaitheeswaran notes, “most environmental
problems — not just air pollution or global
warming, but also chemical waste and recy-
cling and water scarcity — can be tackled”"

The Pelton Wheel

In 1864, when Lester Pelton worked in the
mines, mechanical power came from water-
wheels spun by jets of water. As the technol-
ogy evolved, millwrights replaced wooden
slats with metal cups, which turned the wheel
faster. One day, Pelton observed a broken
waterwheel. The jet was hitting the edge of
the cup instead of the center. Pelton observed
something else —the wheel turned faster than
other wheels nearby. Based on his observa-
tions, Pelton developed a more efficient design
and patented it. That design became the key

Water from the turbine exits the tailrace.

-~ -

Auden Schendler

component of many modern hydroelectric
turbines. A Pelton wheel looks like an indus-
trial flower or a blacksmith’s rendition of the
universe. It is a beautiful and timeless tool,
a reminder of human ingenuity that evokes
the creativity of a silversmith more than the
equations of an engineer. Pelton wheels have
brought great affluence to the world through
the sale and use of electricity — and great envi-
ronmental damage through the construction
of large dams. But the first wheel that Lester
Pelton put to practical use ran his landlady’s
sewing machine. Now, that legacy is helping
to stitch together the fabric of a sustainable
community.

Why Hydro?

Aspen Skiing Company, which operates four
ski mountains — Aspen, Snowmass, High-
lands and Buttermilk —and several hotels, is
responsible for 28,000 tons of greenhouse gas
pollution every year. Roughly 23,000 tons of
that is from electricity use. One of the only
ways to address this impact is to buy renew-
able electricity, which anyone (even home-
owners) can purchase from the local utility,
Holy Cross Energy.

The city of Aspen buys 67% of its electricity
as renewables. Aspen Skiing Company buys
wind power —about 5% of total usage —and
increases its purchases annually. But the busi-
ness can't afford to buy renewables in the
volume necessary to offset impacts, and the
practice sometimes confuses guests. The most
common question is, “Where’s the windmill?”

Installing a wind turbine on-site would
be a significant investment. The best sites
are far from transmission lines, on the local
ridgetops. Areas closer to the transmission
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infrastructure are more sheltered, so there’s
not enough wind. Photovoltaic panels are an
option, but theyre expensive, especially for
the quantity of energy required. However, one
source of renewable energy on ski hills is plen-
tiful, economical and readily at hand — water.

Early Aspen

Early Aspen was all hydro-powered. In fact,
according to The Electric Review from Janu-
ary 1907, “Aspen led the way in the use of
electricity for domestic lighting and mining.
For years, it was the best-lighted town in the
United States. It was the first mining camp to
install an electric hoist, and the first to install
generators run by water power.”

Today, three substantial microhydro sys-
tems are still running in the area (and likely
many smaller ones). One is on Maroon Creek
and puts out 450 to 500 kilowatts. A 20 kilo-
watt system is in the basement of the Moun-
tain Chalet in Snowmass. And local micro-
hydro enthusiast Tom Golec has a 40 kilowatt
turbine on Ruedi Creek. Unlike dams, micro-
hydro plants take some of the water out of the
creek, but don’t have to block the flow. Such
systems can generate electricity from relatively
small streams — you don’t need to rebuild the
Hoover Dam. The water runs through a pipe
to the turbine and then back into the creek
downstream.

A Not-So-Costly Installation

The biggest expense of most microhydro sys-
tems is the penstock, or pipe, that runs from
high elevation to low, creating pressurized
water that can spin the Pelton wheel. The eco-
nomics of installing a penstock can often kill
a project. At Snowmass Ski Area, installing

Auden Schendler

Technical Specs

Location: Fanny Hill, Snowmass Ski Area,
Snowmass, Colorado

Owner: Aspen Skiing Company

Project cost: US$155,000

Head: 746 feet

Pipeline length: 4,103 feet

Static pressure at turbine: 323 pounds per
square inch

Average flow: 1,100 gallons per minute

Turbine: Single nozzle Pelton turbine from
Canyon Hydro, 18.5 inch pitch diameter

Generator: 175 horsepower, 480 volt, three
phase, 60 hertz, 115 kilowatt

Annual generation: 250,000 kilowatt-hours,
estimated

The Pelton wheel used in the Snowmass Ski Area
hydro plant was custom-made for the project by
Canyon Hydro.

e

i

Auden Schendler
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Snowmass Microhydro System

Intake

Transformer W

Power \

\

House \ \

a basic hydroelectric system would require
building a retention pond (at a cost of about
one million US dollars) and burying 4,000 feet
of 10 inch steel pipe. The cost of such a project
is mind-boggling. Once you add up pipe cost
and excavation equipment time, you're push-
ing a system’s payback into the next millen-
nium. Unless, of course, you have the pipe and
pond already in place. At the Snowmass Ski
Area in Aspen, we do. We call it a snowmak-
ing system.

Snowmaking pipes run everywhere at
some ski resorts. So snowmaking supervi-
sor Jimmy Holton asked, “If we already have
half a hydroelectric system, why not just add
a turbine and start making electricity?” We
determined that a hydro plant could generate
renewable energy at a fraction of the cost of

Thierry Burkhart
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Snowmass Microhydro Costs
Costs (in USS)
Equipment $65,610
Turbine and switch gear,

structure and foundation $48,957
Excavation, pipe connection

and associated fees $7,500
Consulting fees $7,240
Flow meter $6,000
Electrician $5,200
Utility interface $5,000
Shipping $3,000
Installation and crane $2,000
Permits $1,500
Total Costs $152,007
Grants
CORE/REMP/Ruth Brown Fdn. —$20,000
OEMC —$15,000
StEPP —$10,080
Holy Cross —$5,000
Town of Snowmass Village —-$5,000
Total Grants $55,080
Grand Total Cost $96,927

using solar-electric panels. And the return on
investment could be as low as seven years.
Convinced that a microhydro system was
the best way to generate on-site renewable en-
ergy, Snowmass Ski Area built a small power-
house on Fanny Hill, the beginner slope at the
base of the mountain. The building houses a
115 kilowatt turbine attached to a 10 inch steel
snowmaking pipe that drains water from a
storage pond which is 800 feet farther up the
mountain and is fed by West Brush Creek. In
2005, our first complete year of operation, we
made some 200,000 kilowatt-hours —enough
to power 40 homes — while preventing the
emission 0f 400,000 pounds of carbon dioxide.

Auden Schendler

A Turbine On Every Slope

Think about the possibilities. Hundreds of ski
resorts in the US have snowmaking systems.
On our four mountains alone, we have half a
dozen more good opportunities for hydro. If
we had 5 or 10 turbines running, wed be gen-
erating an enormous amount of renewable
energy —enough for say, 200 homes — con-
tributing to clean air, stable climate and the
long-term sustainability of the ski industry
and the town. Any ski resort with a snowmak-
ing system should look into installing a tur-
bine. Inside each of those turbines, youd find
a Pelton wheel, a tool so elegant that it meets
Einstein’s design criteria that everything
should be made as simple as possible, but not
simpler. It’s a device that has its origins tied to
the origins of this town, and now, tied to its
future as well.

Project Partners

The Snowmass hydroelectric project is so
exciting and forward-looking, and has such
broad applicability, that a wide range of part-
ners were interested in providing financial
support to help make it happen. Donors in-
cluded Holy Cross Energy, the utility that
buys the electricity and has also covered all
grid interface fees (holycross.com); the Colo-
rado Office of Energy Management and Con-
servation, which supports innovative energy
projects all over Colorado (state.co.us/oemc);
the Community Office for Resource Efficiency
(CORE), which is a national leader in renew-
able energy and energy efficiency and helped
bring a green pricing program to Colorado
(aspencore. org); the Renewable Energy Miti-
gation Program (REMP) from the town of
Aspen, which collects fees from new homes
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that use large amounts of energy (aspencore
.0rg/NEW_FORMAT/ REMP_new_format
htm); turbine manufacturer Canyon Hydro,
which discounted its equipment (canyon
hydro.com); the StEPP Foundation (Strategic
Environmental Project Pipeline), whose con-
tribution made Aspen Ski Company (ASC)
the only corporation in state history to receive
money from environmental mitigation funds
(steppfoundation.org); the Ruth Brown Foun-

dation; the town of Snowmass Village (tosv
.com) and Snowmass Water and Sanitation,
which contributed time, space, and technical
support.’

Editor’s Note: This article first appeared in
Home Power Issue #111 (February/March
2006) and is reprinted by permission of the
author.
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From Water to Wire—
Building a Microhydro System

PETER TALBOT

For 500 miles, the remote and storm-battered
coast of British Columbia, Canada winds its
way north in a torture of craggy cliffs and
isolated fjords. It is drenched by the wettest
climate in North America and situated at the
foot of the ice-covered Coast Mountains.

This wild isolation provides a perfect set-
ting for tapping into the endless supply of en-
ergy produced by falling water.

Remote Camp
Tucked among these mountainous wilds, 100
miles north of Vancouver lies the picturesque
resort camp of Malibu Landing. Forty-five years
ago, a wealthy entrepreneur built the Malibu
Club as a private resort for the stars of the Cali-
fornia film industry. Boasting all the modern
conveniences of the time and situated in a beau-
tiful location, the resort operated for a few brief
years before being abandoned due to unpredict-
able, cool Canadian summers and fierce winter
storms. Following the closure, the camp was con-
verted into a summer camp for teenagers and has
functioned in that capacity for over 40 years.
Since its early beginnings, this isolated
site has been subject to the relentless roar of

diesel-powered generators and the high cost
of barged-in fuel. It is surrounded by snow-
covered mountains up to 8,500 feet high and
blessed with steep, flowing creeks. The site
was a natural for a microhydro power plant,
yet in all these years one had never been de-
veloped.

[ had been visiting the area and volunteer-
ing at the camp for a number of years and saw
the potential for a development that could
reduce their dependence on diesel fuel. For
most of the winter, a thin waterfall cascades
over cliffs 1,000 feet above the camp. Though
dry for most of the summer, this was a po-
tential source of hydro power for the winter
months.

Since the camp is closed in the winter, the
power requirement for the year-round care-
taker is small, averaging under ten kilowatts
and might just be handled by a small hydro
plant fed from this seasonal flow. A decision
was made to conduct a rough survey of the
terrain and then collect stream flow data over
the course of the following winter. If the flow
proved to be sufficient, we would begin con-
struction the following summer.
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The Survey

One of the first steps in the design of a hydro
plant is to determine if there is sufficient flow
available to make the project worthwhile. For-
tunately, the wet winter season corresponded
with the demand that would be placed on the
system, and long-term casual observations
suggested that there would be adequate flow
for most of the winter. The caretaker had been
keeping an unofhcial visual record for almost
ten years and could compare the estimated
flow on any given day with seasonal norms.
This proved to be a great advantage when we
installed an accurate measuring device at the
falls, since we could then compare actual flows
with past observations.

The survey team at the base of the falls, ready to

Peter Talbot' .
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Measuring Head

The second key ingredient to a successful
hydro project is the total available change in
elevation over which the water can develop
pressure in the pipeline. We first measured
this head, or elevation drop, by means of a
sensitive altimeter, and then with a handheld
clinometer level and a 15 foot survey rod.

The route the pipeline would take was
more or less obvious, so we followed this as
we carefully took each reading off the rod. As
we leapfrogged up the hill, the exact elevation
was marked on prominent landmarks as a per-
manent record. The use of the rod and level
gave considerable accuracy over the distance,
which traverses some really rough terrain.
Two elevation surveys were made to check for
error and the results tied within a foot — close
enough considering the method used.

When all the surveyed elevation steps were
added up, the total to the base of the falls came
to 639 feet above the proposed powerhouse
floor. The altimeter reading agreed within ten
feet and provided a good check against any
gross errors. This elevation is on the high side
for the typical microhydro installation, but it
allowed us some margin for locating an open
filter box and starting the pressure penstock.

Increasing height raises the operating
pressure and hence the power output. How-
ever, it also causes the turbine to spin faster,
increasing with the square root of the height.
This affects the turbine diameter used, the de-
sired output frequency and the pressure rating
of the piping.

Sizing Pipe
To measure the overall distance, we used a 100
foot survey tape and again marked the dis-
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tance along the route. The total came to 2,200
feet, of which about 2,000 feet would form the
pressure penstock. Determining the distance
was much easier than measuring the exact
head, but it too had to be done carefully, since
we planned to use pre-cut steel pipe lengths in
the lower section.

We planned to use high-density polyeth-
ylene pipe (HDPE) for most of the pipeline.
Since the static water pressure would be in-
creasing as the pipeline descended the slope,
we had to decide where we would change
to the next greater pressure-rated pipe. We
did this by dividing the slope into six pres-
sure zones and selecting the appropriate pipe
thickness for each zone. This HDPE pipe is ex-
truded in various thicknesses. Often the pipe
is rated by a series number, giving its safe sus-
tained working pressure. Another common
system rates the pipe by its dimension ratio
(DR), which compares the pipe’s wall thick-
ness to its diameter.

We planned to use DR26 in the low pres-
sure section, which is the same as series 60,
all the way up to DR9, which is equivalent to
series 200. Beyond that, the wall thickness in-
creased enough to significantly reduce the in-
side diameter. This would cause the water flow
velocity to increase, resulting in greater fric-
tion and hence losses, so a strong, thin-walled
steel pipe became a better choice and cost less.

Determining the Required Flow

Since the survey was done in summer when
there was just a trickle of water flowing, we
didn’t have the actual flow data. As a result, we
couldn’t calculate the exact power output, ef-
ficiency and payback time. However, having
a fixed budget to work with and knowing the

head, distance, penstock profile and power re-
quirement, it was possible to design a system
based on a minimum anticipated winter flow.
Calculations showed that half a cubic foot per
second, or about 225 US gallons per minute,
over a net head of 500 feet would produce an
output of 12 kilowatts and make the project
well worthwhile. A simple formula to esti-
mate electrical power produced from falling
water in an AC hydro plant of this size is as
follows:

Power in kilowatts equals Q times H
divided by 11.8 times N

where Q is flow in cubic feet per second, H is
head in feet and N is overall efficiency (typi-
cally 60% (0.6) in a small, well-designed sys-
tem).

Another version of the power output for-
mula is:

Power in watts equals net head in feet
times flow in US gallons per minute

divided by 9

This formula already takes efficiency into con-
sideration. For this site, the result was 500 feet
times 225 US gallons per minute divided by 9
which equals 12,500 watts (or 12.5 kilowatts).

Measuring the Actual Flow

In order to get an accurate record of the flow
profile over the winter, we constructed a
wooden tank equipped with a V-notch weir
and placed it below and to the side of the falls.
A length of six-inch diameter plastic pipe was
secured in the channel to catch the majority of
the runoff and direct it into the box. The depth
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V-Notch Weir Chart

SERIOUS MICROHYDRO

Notch depth 1 1:5 2 25 3 35 4 45 5 556 6 65 7 7.5
(inches)

US gallons 24 6 126 216 342 516 72 96 126 162 198 240 288 342
per minute

of the water flowing through the calibrated
V-notch weir gave an accurate measure of the
flow available.

Details on building various weirs are out-
lined in most textbooks dealing with fluid
flow. These are available in many libraries. We
used a 90° V-notch weir cut out of a piece of
sheet metal. Figure 4 shows the flow in gallons
per minute per inch of depth through a small
V-notch weir.

A sensitive water-level monitor was in-
stalled in the box, coupled to a radio trans-

The intake box is used for filtering and settling of
debris. The V-notch was used for determining flow

Peter Ta'Ibot' '

Peter Talbot

mitter which would relay the flow conditions
down to the camp every few hours. A modi-
fied receiver and some additional electronics
showed the level on a numeric display, which
was read and recorded by the caretaker. He
could then compare this accurate flow read-
ing to what he observed flowing over the falls
and relate this to his ten years of casual obser-
vations. As the long, wet winter set in, it soon
became clear that there would be more than
enough flow to make the project viable, so we
began to design the system.

Several years of use has proven the intake basin’s
covering of rock a worthy armor and a coarse filter.
' iy
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Shopping List

Once we had the approvals to build the project
and had established a preliminary budget of
Can$15,000, the next phase was to order the
necessary hardware. We were fortunate in that
most of the suppliers were willing to give us
jobber prices, since Malibu operates as a non-
profit organization.

Since we had done an accurate survey, we
could order the pipe to the exact length and
pressure rating that we required. We went to
the suppliers before ordering the materials to
check out the quality of the steel pipe and to
be sure that we would be able to handle the
weight during construction. Pipe lengths of 20
feet weighed 180 pounds and would have to be
carried by hand over very rough terrain.

The four-inch diameter polyethylene plas-
tic pipe was ordered in 40 foot lengths. The
pressure ratings varied from 60 pounds up
to 200 pounds with a safety margin of 25%.
Transporting the pipe was expensive since it
required a 40 foot truck to get it to a suitable
waterfront dock where a landing barge could
be loaded. The long lengths did, however, cut
down on the number of joints we had to make.

One of the advantages of using polyethyl-
ene pipe over PVC is that the working pres-
sure can be close to the pressure rating of the
pipe itself. This is due in part to the elasticity of
the plastic used, which will absorb the shock
wave (water hammer) generated if the water
flow is forced to change velocity abruptly. This
effect causes a momentary pressure rise which
travels up the pipe and has the potential to
do permanent damage, even bursting a more
rigid pipe.

To further reduce possible damage to the
pipe when shutting off the flow, we obtained

a slow-acting four-inch gate valve. This was
picked up at a scrapyard for Can$50! With
a pressure rating of 500 pounds, this valve
would have cost many times that if purchased
new.

Pelton Wheel

The high head and relatively low flow rate of
our site would be best handled by a Pelton type
of turbine. Since our operating head would be
somewhere between 500 and 550 feet and we
wanted the rotational speed to be 1,800 revolu-
tions per minute — suitable for direct coupling
to a generator —we needed a turbine with a
diameter of approximately ten inches. When
under load, this diameter wheel would rotate

John Smocyzk, a regular volunteer at Malibu, shows
off the fusion welding equipment for the polyethyl-
ene pipe.

Peter Talbot
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at the correct speed and the direct coupling
would afford the maximum efficiency.

We looked at three different turbines and
got firm quotes. Each machine had its own
merits, and costs were roughly equal. We set-
tled on a unit made by Dependable Turbines,
a local manufacturer, because of their proxim-
ity to, and familiarity with, our site. They also
had a turbine runner with the correct pitch
diameter and bucket size to exactly match our
site characteristics. The turbine was ordered as
a package, together with a 14 kilowatt, three
phase Lima brand generator.

Intake

Intakes are usually the most difficult aspect
to design on a microhydro project. Seasonal
variations in flow can range from a trickle
in late summer to a raging torrent in winter.
On the steep mountainous terrain of the west
coast, many a concrete intake structure has
vanished following a heavy downpour.

With this in mind, we thought about ways
we could minimize the construction required
and work with the natural form of the land.
It was obvious that ice and rock falling from
the frozen lip of the falls high overhead would
destroy any structure we built.

What was needed was an intake that was
formed as much as possible from the bedrock
buried beneath the boulders and gravel below
the falls. Following some excavation, we were
able to take advantage of the sloping granite
bedrock down the hill from the base of the
falls and out of the direct line of falling ice and
rock. We built a low wall of reinforced con-
crete there to divert the flow into a small pool,
enabling us to pick up even the smallest flows.
The pool and wall were then backfilled with

large rocks. Falling rock and ice would then
pass over the low wall, leaving it undamaged.

From the pool at the 600 foot elevation, we
ran four-inch plastic pipe for 200 feet across
and down to a level spot at the 550 foot eleva-
tion. We moved the five-foot-long wooden
box that was used to measure the flow to this
spot. Then we equipped the box with three
sizes of filter screens and a valve in the bot-
tom to allow for the flushing of any sand and
gravel. Excess water passes through a narrow
one-inch slot cut into the top 12 inches of the
tank which forms the overflow. This replaced
the V-notch weir and increased sensitivity for
the level sensor. A pressure transducer and
microprocessor circuit relays the level of over-
flow to various locations in camp by a radio
link and phone wires. This allows the operator
to monitor the flow and to throttle back on the
water passing through the turbine as the falls
dryup. When there isn't enough water to make
it worth running the turbine, the operator can
switch over to diesel. From the filter box, the
pressure penstock runs 2,200 feet down to the
powerhouse, dropping 550 feet.

Laying Pipe

The great advantage of polyethylene plastic
pipe is that it is almost indestructible. It is not
affected by UV exposure, can be squashed
nearly flat and recover and can freeze solid
under pressure and not split. The major dis-
advantage is that it cannot be glued, but must
be either fusion welded or connected with
expensive hugger clamps. We opted to rent
the welder and join the 40 foot lengths into
long sections at the bottom of the hill where
there was the necessary 1,500 watts of 117 volt
power to run fusion welding equipment. It
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was quite a sight to see the first section of pipe
stretch for 400 feet down the dock and float
halfway across the bay as more sections were
welded on!

The welding process is really a form of
hot fusion melting. This involves placing the
pipe ends in a special holding jig and squar-
ing the ends with a motorized cutter which
is inserted between the pipe ends. The pipes
are brought together in the jig and contact
the cutting wheel which planes off a bit of
plastic. The cutter is then removed, and a flat
heated plate inserted. The pipe ends are lightly
pressed against the hot plate for a minute or so
to soften the plastic. Then the plate is removed
and the pipe ends are brought together under
light pressure. A bead of plastic forms as the
melted plastic fuses together. After cooling for
five minutes, the joint is complete and is said
to be stronger than the rest of the pipe. Despite
some very rough handling, we have never had
a leak.

When ready, we got another 20 volunteer
grunts to help haul the pipe up the hill follow-
ing a carefully surveyed path. This was a lot of
fun, but also an amazing amount of work. We
were fortunate to have the willing bodies.

Most of the plastic pipe was laid directly
on the ground and secured to solid trees and
rock anchors with % inch white nylon rope.
We found that yellow poly rope would not last
long in the sun. Pipe destined for the lower
sections of the route was much heavier, so we

Top: Floating 400 feet of poly pipe across the bay to
the base of the hill.

Bottom: A crew of up to 25 volunteers haul 400 foot
sections of polyethylene pipe up 550 vertical feet to
the turbine.
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welded these into lengths of 160 feet, intending
to join the long sections with hugger clamps.
These clamps are made of two halves that bolt
together and compress sharp ridges into the
pipe wall. A rubber gasket makes them water-
tight. Although expensive, with enough of
these clamps the entire penstock installation
could have been done by two people.

We soon found that our small one-kilowatt
Honda generator would run the welder if we
momentarily unplugged the hot plate when
we needed to use the cutter. So we decided to
haul the equipment up the rough route and
weld the plastic pipe into one 1,700-foot-long
piece. This gave us a slightly smoother pipe-
line, and it allowed us to keep the expensive
hugger clamps for future repairs to the line.

Steel Section

The 20 foot lengths of steel pipe were muscled
up the hill one piece at time by three bush apes
and connected together by Victaulic clamps.
This is a two piece cast fitting that is bolted to-
gether and grips into grooves cut into the pipe
ends. A rubber gasket prevents any leaks. This
method of coupling allows a few degrees of
flex at each joint while avoiding the need for
an arc welder.

Each 20 foot length of steel pipe weighed
180 pounds, and we put in 550 feet of it. As the
line was extended, we supported it on rock and
timber cribbing at regular intervals. Half-inch
wire cable was wrapped around the pipeline just
below a coupling, then clamped together form-
ing a small loop. We attached the cable to one-
inch diameter rods drilled into rock outcrops and
tensioned it using a come-along (hand winch).

Bends were kept to a minimum, and where
necessary we used short 22.5° pre-formed sec-
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tions. By anchor planning the route carefully
and aiming for solid anchor points, we were
able to obtain a perfect fit with just four bends.
Our main anchors and thrust blocks were
drilled into solid bedrock. We used a portable
electric rock drill which worked very well. It
was able to cut a one-inch diameter hole, four
inches deep, in under five minutes.

Just in front of the powerhouse, the pen-
stock crossed a small bay. Here we built up
log scaffolding to hold the pipe as we ma-
neuvered it into the most direct route while
correcting the slope so it would be self
draining. Once the position was established,
we waited for low tide, then placed forms
directly below the pipeline. Pilings were set
vertically in the forms, and the forms were
filled with underwater-setting concrete. The
thrust block at the powerhouse keeps the
tremendous weight of pipe and water from
sliding downhill and crashing through the
building.

After three days, the penstock was slid over
on the pilings and secured, and all the scaf-

Peter Talbo‘g

folding was removed. Once the penstock was
secured in place and the main valve attached,
we began the pressure test by slowly filling the
pipe from the trickle coming over the falls. It
sagged in places and pulled against the cable
anchors, but there were no leaks. When it
was full, the static pressure read 239 pounds,
which was within a pound of what had been

Peter Talbot

Top: Pipe anchors were drilled into solid rock.

Middle: The steel pipe comes out of the woods and
across the bay to the powerhouse.

Bottom: Volunteers Dave Wheeler and John
Smoczyk built scaffolding to support the 180 pound
sections of pipe.

Peter Talbot
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calculated. A static pressure penstock will de-
velop 0.433 pounds of pressure for every foot
of vertical drop. In our case, the measured 550
feet of head should then give 238.1 pounds per
square inch (550 feet times 0.433 pounds per
foot equals 238.1 pounds per square inch).

Powerhouse

The site for the powerhouse was selected to
minimize the overall penstock length and the
number of pipe bends required. We wanted
easy access and a location safe from ocean
swell and any freak high tides. The machinery

and related controls required a space of about

Left: The thrust block at the powerhouse keeps the
tremendous weight of pipe and water from sliding
downhill and crashing through the building.

Middle: Camp caretaker Frank Poirier, on the pow-
erhouse concrete foundation, with framing for the
tailrace visible. The building was built around the
turbine and generator.

Right: The generator and turbine visible in the
powerhouse. The tailrace dumps out the side of the
foundation.

9 by 11 feet. This would give access to all sides
of the turbine for maintenance and installa-
tion, which later proved invaluable.

In order to get a solid anchor, the bedrock
was cleaned with a fire hose and then drilled
for steel reinforcing bar. A wood frame was
built on three sides of the sloping bedrock,
and backfilled with concrete and broken rock.
Mechanical drawings of the turbine showed
how large to make the tailrace, or discharge
pit, so this was formed with a bit more fram-
ing. A notch for the generator power conduit
and other control and monitoring wires was
formed before the final surface was smoothed.

Installing the turbine was simply a mat-
ter of placing it over the tailrace pit and drill-
ing the concrete to line up with the holes in
the steel flange forming the turbine base. The
generator bolted directly to the same base and
required a few shims for correct alignment.
A semi-flexible coupling joined the two-inch
turbine shaft to the generator shatft.

Peter Talbot
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The pressure penstock terminated at the
main valve just inside the powerhouse walls.
Right outside, the penstock was securely
anchored to a huge rock outcropping. This
formed the final thrust block, and restrained
the downward force the weight of water and
pipe imposed against the valve body. Over the
four-inch diameter, the total force was close to
3,000 pounds, so a solid anchor was essential.

From the valve, we connected the intake
manifold to the nozzle flanges which were
part of the turbine housing. A couple of four-
inch sections joined by Victaulic clamps were
added between the valve and the main thrust
block to give a little flexibility and expansion
relief. This is important and prevents possible
cracking as expansion and contraction vary
the dimensions of the steel.

The powerhouse was framed up and the
roof built over the installed machinery. A re-
quirement was that it had to blend in with the
other old log and cedar building on the site.

We were fortunate to have a skilled carpenter
who was familiar with building to exact speci-
fications.

Controls —How It Works
The Pelton turbine is equipped with two noz-
zles, each with a maximum diameter of 0.5
inches. One of these is equipped with a spear
control (similar to a needle valve in a carbu-
retor, but much larger). This allows the flow
rate to vary. This is necessary when the flow is
lower than what a single %2 inch nozzle would
require. With this adjustable spear, we can run
the turbine with very little water and still get
useable power.

The generator was chosen for the best ef-
ficiency rating at the mid-range of our power
demand. When there is too little flow, the die-

Left: The powerhouse blends in with the forest and
the traditional buildings on the site. The penstock
enters the rear of the building.

Right: The controls and metering on the power-
house wall.

Pefer Talbot
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sel is used. In times of high flow, there is more
than enough water, so efficiency is not as im-
portant. This same principle can apply to any
small run-of-the-river system.

Most synchronous generators come
equipped with 12 output leads. They can be
hooked up to produce single phase or three
phase current. This usually depends on the
application. A typical home situation would
most likely require single phase power, at 120
and 240 volts.

Larger installations and any site with big
industrial motors usually require three phase
power. This was the situation we were faced
with. The 125 kilowatt diesels used in summer
fed the camp’s three phase grid, so to avoid
very complex rewiring, we wired the hydro
generator accordingly. The major load was the

The 14 kilowatt Lima generator is direct coupled to
the Dependable Turbines Pelton runner.

e ~ R

y ‘J’

Peter Talbot

caretaker’s house, and this was wired like any
conventional home, drawing juice from only
two of the three phases. Other loads could be
connected to the third phase to maintain a bet-
ter balance on the generator. Three phase gen-
erators can be damaged if they are run with all
the load on just two of the three phases.

Sixty Hertz Governor and Load Dump
The generator is directly coupled to the tur-
bine through a semi-flexible coupling. So in
order to produce standard 60 hertz, the tur-
bine must spin at exactly 1,800 revolutions
per minute. This is accomplished by using
a Thomson and Howe electronic governor,
which works by keeping a precise but con-
stantly varying load on the generator. In es-
sence, it puts the brakes on the generator and
turbine if it deviates from 60 hertz.

The governor works by sensing the gener-
ated power line frequency and comparing this
nominal 60 hertz to a crystal reference. An in-
ternal microprocessor then controls the phase
firing angle of high power triacs which shunt
excess power to low priority, but useful, dump
loads.

These loads do not necessarily see the full
sine wave generated since they are being fed
with rapidly switching and varying width
pulses. Because of this, only purely resistive
loads can be used; motors or electronics would
soon self-destruct. We used baseboard heaters
located in a large woodworking shop. Immer-
sion elements in hot water tanks are another
useful dump load.

Frequency stability is excellent with this
method of control, and it avoids the much
more complex method of mechanically con-
trolling the flow of water to precisely match
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the electrical load. This was traditionally done
with centrifugal weights acting on an oil-
based servo control, which in turn controlled
a deflector in front of the nozzle or a spear
valve.

Protection: Shaft Speed

and Frequency

The frequency of the system is monitored by
two independent systems. Should the genera-
tor begin to slow down due to excess load, or
possibly overspeed due to insufficient dump
load or a broken power line, the protection
circuitry will sense the condition and shut
the machine off. This is accomplished by op-
tically sensing the shaft speed as well as line
frequency and voltage. The frequency limits
are user-adjustable.

Without this protection, motors and trans-
formers would be subject to lower than normal
line frequency which can cause damage. As
the generator slows, the frequency falls in di-
rect proportion to the revolutions per minute,
while the generator’s voltage regulator tries
to hold the voltage constant. This can cause
large currents to flow in the regulator and field
windings as the regulator tries to maintain the
output voltage. Generally, resistive loads like
incandescent lighting and heating elements
are not damaged by low voltage or frequency,
but reactive loads, such as devices with wind-
ings like motors and transformers, are at risk.

These frequency, speed and voltage sensor
outputs are connected to a weighted mechani-
cal jet deflector which will divert the water
away from the turbine runner. A magnetic
latch holds the deflector in the open position
in the absence of an alarm. An adjustable time
delay will release the latch in the presence of

an alarm condition, shutting the system down.
This requires a manual restart which is a bit
awkward if it happens in the middle of the
night. But the consequences of the turbine
lugging or running away at high speed can be
very bad.

Metering

Voltage and current are displayed on a home-
brew metering panel, together with alarm
status, water level indication and shaft revolu-
tions per minute. The water level is also dis-
played at other locations in the camp, and the
displays are equipped with an adjustable low
water alarm set point. This keeps the operator
informed of the flow situation up the moun-
tain and provides advance warning of when to
switch over to the diesel generator.

We also installed a three phase kilowatt-
hour meter to monitor the total energy pro-
duced. This added feature has enabled us to
keep track of the savings in diesel operating
costs and to determine how the project pay-
back is proceeding. It is really satisfying to
see the meter whiz around and to know that
the small creek is powering all our needs. The
best part is that for the first time in 40-odd
years, there is complete silence throughout the
camp, yet all the lights are on!

Breakers and Switch

A 60 ampere fused disconnect feeds into 300
feet of #4 Teck cable (outdoor armored cable)
which runs from the hydro site to the diesel
powerhouse. The hydro output can then be
fed into the main bus system and distributed
throughout the camp as required. We had
to install a triple-pole double-throw trans-
fer switch so either the hydro or a small 15
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kilowatt diesel generator could feed into the
camp grid. One, but never both of these, is al-
ways supplying power.

The transfer switch then feeds a 60 amp
circuit breaker which in turn feeds into the
camp’s grid. This last panel has two keys which
must be turned before it can be put on line.
Both of the two main diesel generators (125
kilowatt and 113 kilowatt) also feed into the
grid through separate breaker panels. The
same key must be used in both of these panels
before they can be switched on. This elimi-
nates any danger of backfeeding one genera-
tor into another.

Life With Hydro

As the winter rains returned, the falls once
again began to pick up force. On a rainy day in
late October, the telemetry system indicated a
flow through the catchment weir sufficient to
test the system. The penstock pressure gauge
read 239 pounds under the static head of 550
feet.

Once the pipeline was purged of debris,
the spear valve was cracked open, and the Pel-
ton wheel immediately started to rev up. At
first we set it to produce just a few amps, let-
ting the governor dump load absorb the out-
put. The effort we had made to align the shafts
with the correct thickness of shims during
the installation phase was rewarded by quiet
operation with virtually no vibration. Once it
checked out, we opened the spear valve, and
the output quickly increased to 20 amps per
phase. As predicted, we were getting close to
six kilowatts using one nozzle!

Other than the silent operation, there is
no way to tell that the camp is running on re-
newable energy. Under wet conditions it will

run for weeks without stopping. We were ac-
customed to shutting the diesel down every
day and adding oil, so this took some getting
used to!

A fixed amount of water flowing through
the turbine sets the limit on power produc-
tion. Unlike the diesel, there is no throttle
which will automatically open up as the load
increases. To attempt to draw more energy out
than is being supplied by the water jets will
result in the system slowing down. Drawing
even a few extra watts slows the shaft speed
and hence frequency, and the turbine will shut
down.

A system that will trip itself off on over-
load is a minor inconvenience, but is some-
thing one learns to live with. The protection
it affords is definitely worthwhile. It doesn’t
take long to approximate the electrical load
on the system. If a load larger than the gover-
nor reserve is switched on, the line frequency
begins to fall. If you are quick, you can switch
it off again and the turbine will recover. Over
time, the kilowatt-hour meter began counting
up in the thousands of kilowatt-hours. It was
obvious that the payback would take just a few
winters at this rate!

Lessons

Two factors which produce the only notable
trouble are the intake clogging up and the vari-
able flow of the water source. The clogging can
be minimized by using effective screening (see
the article on Coanda screens in Home Power
Issue #71). We have not tried this approach
yet, but rely instead on several large wire mesh
baskets and regular cleaning by hand. The
problem is only bad in late fall; throughout the
winter there is little debris in the water.
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Times of low flow still produce a useful
output which provides additional heat even
when the small diesel is running. In fact, we
can leave the turbine unattended under this
condition. The plant will keep on running,
feeding into the dump loads, producing heat
for the workshop. When it gets down to the last
few hundred watts, it will quickly shut itself oft
when the water probe signals that the intake
box is low on water. At this point we close the
valve so the penstock doesn’t drain. The only
exception is if a hard freeze is expected. Under
this condition, the line is drained.

One big lesson we learned quickly was
that it is one thing to design a system based
on summer conditions, and quite another to
implement it and expect it to withstand the
ravages of a winter storm. Rock fall and sheets
of ice falling from high above will destroy just
about any structure. We had to adjust our in-
take piping several times to prevent it from be-
ing swept away. We finally buried it, and it has
been safe since then.

The catchment weir has been a big success.
There is evidence that some really large rocks
rolled over it, and it has been buried under a
mound of ice several feet thick. The only mi-
nor trouble is the four-inch outlet pipe clog-
ging with gravel and vegetation. We plan to re-
place this with a short length of six-inch pipe
and screen out the major debris with a coarse
screen, followed by a Coanda screen.

Work or Play?

By far the hardest part of this project was the
installation of the 2,200-foot-long penstock.
We chose to haul long sections of pipe up the
hill by hand, and at times we had 25 bodies
spaced along the section, all straining away.

When we found that the fusion welder could
be run off the small generator, we packed it up
the hill.

It took a crew of four guys to pack all the
welding equipment, and several more to assist
in aligning the pipe prior to fusing the ends.
It's not backbreaking work, but it does demand
a coordinated effort. Despite the complexity
of working with this polyethylene pipe over
PVC pipe, I would do the same thing again.
Poly pipe is so amazingly strong and flexible;
it'’s the only material that could stand up in our
situation.

The steel section went together surpris-
ingly quickly; it took just two days to place all
550 feet. Having a ready supply of blocking
material and having pre-drilled the anchor
points allowed us to connect the sections as
fast as they could be carried up the hill.

The scaffolding we had set up over part of
the bay enabled a crew of just three to con-
nect the sections. Constructing the scaffold-
ing took extra time, but it was worth the effort.
Working with heavy pipe overhead is risky
enough, so it was worth taking the time to do
it safely. Having a volunteer labor force avail-
able at the camp was the biggest saving. With-
out this, the project would have taken much
longer, and the construction cost would have
been considerably higher.

Efficiency

At the maximum flow of half a cubic foot per
second, we are able to produce 35 amps per
phase. This works out to 12.6 kilowatts, spread
between our main loads and the governor’s
resistive dump load. With a flow of 225 gal-
lons per minute over the falls, and a gross
static head of 550 feet, there are 23 kilowatts of
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Malibu Club Hydro System
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potential energy available. Our 12.6 kilowatts
represents about 55% of that total.

Hydro

An efliciency figure of 60% is about average
for a small system such as this. Our turbine is
rated at 76%, and the generator 79%. We lose
about 10% of the gross head due to friction
in the penstock at full output. Totalling this

(79% times 76% times 90%), we have 54%, and
54% times 23 kilowatts equals 12.4 kilowatts,
roughly our measured output.

On average, the system is set with only the
adjustable nozzle open. This will produce just
under seven kilowatts. The reduced flow ve-
locity results in slightly less pipe friction. This
in turn results in higher net pressure at the
turbine, and the more efficient spear nozzle

Home Power
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appears to account for the increase in overall
efficiency under this condition.

Payback

The 15 kilowatt diesel generator would go
through an average of two gallons of fuel per
hour. At Can$2 per gallon, the cost to run
the diesel works out to Can$4 per hour or
Can$96 per day. That comes out to 27 cents
a kilowatt-hour for fuel costs only. We used
this figure to calculate the payback time of the
hydro plant. On average, we produce six kilo-
watts and can run for about 100 days a year.
If we price the hydro power at the same rate
as diesel-produced power, our hydro is earn-
ing Can$39 per day (6 kilowatt-hours times
$0.27 per kilowatt-hour equals Can$1.62 per
hour equals Can$39 a day). That’s Can$3,900
per season, so it will pay for itself in just under
four years. Not a bad investment!

As mentioned earlier, we were able to keep
the total project cost down by doing some
scrounging and by purchasing new equipment
at a slight discount. Other items were available
on site (such as building materials), and all the
labor was donated. The electronic water level
sensor and optical frequency control were
built at cost.

With the great success of this project, we
are now planning to construct a larger plant
on a year-round creek two miles from the
camp. This would take care of the needs of the
entire camp throughout the year, and would
result in significant cost savings. On behalf of
the Malibu Club, I wish to extend my thanks
to all those volunteers who helped make this
project a reality. In particular, thanks to Ron
Kinders, Malibu’s representative. Without
his continual dedication and assistance in

25

Malibu Club System Costs
Turbine and generator 8,500
1,800 feet of plastic pipe 2,400
Governor 1,145
350 feet of four-inch steel pipe 740
8 hugger clamps 350
Switch gear (some reconditioned) 325
Metering and level sensing panel 300
Welder rental for five days 250
Dump loads 250
20 Victaulic clamps 240
Rock anchors and cable 225
Additional wire 145
Intake box and screen 100
Four-inch gate valve (scrap) 50
Pressure gauge 42
Concrete dam 20
Subtotal $15,082
Other
Powerhouse* 1,300
600 feet of #4, four-conductor

Teck wire** 1,200
Total $17,582
Note: all figures in Canadian dollars.
* Built with materials on hand, not included in origi-
nal budget.
** Teck cable was a later addition.

some very demanding conditions, this project
would never have gone ahead.’

Editor’s Note: This article first appeared in
Home Power Issue #76 (April/May 2000) and
is reprinted with permission of the author.

Peter Talbot
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Hydro Power High
in the Canadian Rockies

PAUL CRAIG AND ROBERT MATHEWS

The Canadian Rockies offer some of the
world’s most spectacular outdoor experiences:
deep powder skiing, alpine hiking and incred-
ible glacier views. The Purcell Lodge is deep
in these Canadian Rockies, near the town of
Golden, British Columbia, four miles be-
yond the nearest (logging) road. Every piece
of equipment, all supplies and the guests are
brought in by helicopter. Out here everyone
greatly appreciates the light, heat and appli-
ances made possible by the lodge’s 12 kilowatt
hydroelectric system.

A Canadian Classic Hydro System
The electricity generation system uses what
has become, in Canada, a classic hydro setup
with a high head, small pipe and Pelton wheel
turbine. Turbine speed regulation is accom-
plished by electrically loading the generator to
maintain frequency. The location was selected
to provide year-round water. Fortunately an
insulating cover layer of snow always arrives
before ground-freezing weather. Even though
the snow season can last six months, there
have been no problems with frozen pipes.
The intake weir (head pond, see bottom
photo, pg 28) is a concrete wall in a largely

Paul Lesson
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bedrock location that provides a small im-
poundment basin. The pond stills the flow, al-
lowing heavy debris to settle and light debris
to float. The intake pipe is submerged at half-
depth and screened. The pond also contains a
submersible pump for domestic water.

The penstock is 1,440 feet of four-inch di-
ameter solvent-welded PVC pipe, with pres-
sure rating increasing from 63 pounds per

The Purcell Lodge in winter with Copperstain
Mountain in the background. Winter snowfall here
is about 55 feet. Without site-produced electricity,
modern living in such a remote location would be
impossible.
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Top: The eight-inch hydroelectric Pelton turbine
(painted silver), flywheel (painted red) and 12
kilowatt generator (painted yellow). The Fidelity
brushless generator produces 60 hertz, 120/240 volt
single phase alternating current and is regulated by
a Thompson and Howe controller.

Bottom: Intake weir and top of 1,440 foot long pen-

stock which feeds water into the turbine. Total head
is 315 feet, and maximum flow is 220 US gallons per

minute.

Bob Mathews

Bob‘ Mat'hews
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square inch at the intake to 160 pounds per
square inch at the turbine. Total head is 315
feet, and maximum flow is 220 US gallons per
minute. The penstock is buried 18 inches and
anchored with concrete and bolts at critical
points.

The eight-inch diameter Pelton turbine
was built by IPD of Montana. When spinning
at 1,800 revolutions per minute, the wheel
moves at 46% of the jet speed at the point of
contact. (At 41% to 47% of jet speed, Pelton
wheels are most efficient.) The main nozzle
is manually adjustable through a spear-type
valve. Maximum nozzle diameter is '¥%s inch.

The generator is a Fidelity brushless design
rated at 12 kilowatts at 1,800 revolutions per
minute. Maximum power output was initially
limited by the available flow to seven kilo-
watts. During the fall of 1992, the water sup-
ply system was modified to provide the full 12
kilowatt output. Friction loss in the penstock
isabout 8% at seven kilowatts, and the turbine-
generator converts the water energy reaching
it with 56% efhiciency. Output is 120/240 volt,
60 hertz single phase AC electricity. The gen-
erator is direct-driven from the Pelton wheel.
A flywheel maintains speed under high start-
ing loads from induction motors and provides
general stabilization.

To decrease energy loss and save wire costs,
the voltage is transformed up to 600 volts for
the 1,750 foot run from the powerhouse to
the lodge. At the lodge, a second transformer
provides 120/240 volt output. Two #6 AWG
RWU copper conductors are mechanically
protected by a one-inch poly pipe and placed
under the four-inch PVC penstock to provide
further mechanical protection. Transmission
power loss is 2.5% at seven kilowatt output.
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Control by Prioritized Loads

Primary load control is perhaps the most in-
teresting part of this system. The Lodge uses
an Electronic Load Control Governor (ELCQG)
manufactured by Thomson and Howe Energy
Systems. It’s easiest to understand this regula-
tor by contrasting it to more traditional control
approaches. Solar systems are usually limited
by energy. Design focuses on minimizing load
and on turning off loads when not needed.
Hydro plants are traditionally controlled by
regulating water flow as load varies. Not so
in the Purcell environment. Here as in many
modern microhydro situations, the water runs
whether used for electricity generation or not.
Since water is not trapped in a dam, the ecol-
ogy of the stream is less impacted by this type
of hydro system. But, if electricity is not gener-
ated, the energy in the falling water is lost.

This makes possible a very different type of
regulation based on using all available water,
while switching on and off priority loads to
maintain a constant overall load. The more the
electrical loading, the slower the turbine and
generator run. Since the generator frequency
is directly proportional to rotational speed,
control of frequency automatically provides
speed regulation. A rise in frequency means
that more load is needed to slow down the
generator. A drop in frequency means load
must be shed.

The lodge load is broken down into a
number of circuits. The highest priority cir-
cuits, especially those that are safety related
and those (such as lights) needed to main-
tain guest satisfaction, are wired directly to
the generator service panel and are not under
governor control at all. Lower priority services
are connected to the ELCG. Eight circuits are

currently in use. These are ranked by priority,
with sewage aeration and water pumping fol-
lowed by refrigerators, freezers, furnace fans
and the dish and clothes washers.

Coarse and Fine Control

Coarse regulation is provided by load shed-
ding. For example, if the water system —a
high priority function —turns on, a refrig-
erator or freezer might be temporarily shut
off. Coarse control necessarily leads to large
and fast changes in system loading. Without
additional control this would lead to unac-
ceptably large frequency (and hence turbine
speed) swings. Here’s where the ELCG proves
its merit. Load swings are virtually eliminated
by continuous, rapid control of resistive loads
such as baseboard heaters and hot water tank
heating elements.

For this fine control, the ELCG uses triac
regulators to smoothly change the power de-
livered to resistive loads, increasing as other
load drops and decreasing as other load picks
up. If the ELCG senses the frequency is ris-
ing, it knows that a load is being shed (per-
haps someone turned off a light) and increases
power to the resistive load. If frequency drops,
the ELCG smoothly sheds resistive load. In op-
eration the system is almost unnoticeable. The
only indication is occasional slight dimming
of lights when a large motor starts up. But of
course this occurs with utility power too.

If the load increase is too great to handle
with the resistive load alone, the ELCG throws
a relay to drop the lowest priority load con-
nected. As load decreases again, the highest
priority non-connected load is reconnected.
There is a special circuit to keep track of and
slowly correct for short-term excursions from
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System Diagram
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60 hertz due to extreme conditions, so that
clocks will keep proper time. Maximum fre-
quency correction is kept to 0.1 hertz.

The wave form from the generator is ex-
cellent for all purposes. However, the switch-
ing triacs introduce considerable waveform
distortion in the power going to their loads.
Resistive balancing loads, such as hot water
heaters and baseboard heaters, are used which
are indifferent to waveform. It is important to
assure that the system always has enough load
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available to maintain frequency. To accom-
plish this, priority loads and the resistive reg-
ulating loads must be connected at all times.
Any regulation system based on the con-
cept of loading is vulnerable to open circuits,
which would lead to system runaway. Failsafe
emergency protection is required. This is lo-
cated adjacent to the generator. A mechani-
cally interconnected water jet deflector safety
system is actuated by a weighted lever. The
turbine is shut down by a frequency guard

Home Power



Hydro Power High in the Canadian Rockies 31

sensor if frequency deviations become too
wide (typically outside the range 53-67 hertz)
for too long. The weighted control lever is held
up by a normally energized solenoid which
releases on power failure.

Heat, Biodegradable Soap

and Solar Radios

Although the building is heavily insulated,
auxiliary heat is needed in winter. Since the
available water flow doesn’t provide enough
energy to heat the building under extreme
conditions, propane is used for backup. Be-
cause the lodge is above timberline, firewood
must be helicoptered in. Sewage is handled
with a small biotreater plant. Treated waste
goes to a carefully monitored leach field. To
minimize loads on the facility, biodegrad-
able products are used exclusively. Guests
are asked to use the biodegradable soap and
shampoo provided rather than any they may
have brought.

At Purcell Lodge reliable communica-
tions can mean the difference between life and
death. A radio repeater on a nearby moun-
tain provides complete coverage between the
lodge, skiing and hiking parties and the base
at the airport in Golden, BC. The repeater is
powered by a deep cycle battery and a solar
charger. The Purcell Lodge system has oper-
ated without major problems since start-up.
The system provides pollution-free, clean and
reliable power in a location where commercial
power is not an option. To the visitor, the years
of careful planning and the extensive use of
high technology are virtually invisible. With-
out them the rare combination of comfort and
wilderness provided at Purcell Lodge would
have been impossible.

Editor’s Note: This article first appeared in
Home Power Issue #33 (February/March
1993) and is reprinted with permission of the
authors.






Powertul Dreams—
Crown Hill Farm’s Hydroelectric Plant

JULIETTE AND LUCIEN GUNDERMAN

Several people who have heard about our
hydro plant have all had the same questions!
Where on earth did you come up with the idea
to build a hydroelectric plant on your farm?
They also wonder what it takes to design and
build a hydro system. Well, it takes an idea first
and foremost. Actually, it takes a lot of ideas.
It takes frequently waking up in the middle of
the night with many ideas and writing them
down. It takes water, optimism, more water,

Left: The big lake (6.1 acres) supplies the larger of
the two hydroelectric turbines located 170 vertical
feet below.

Right: Lucien Gunderman and the twin Canyon
Industries turbines

(S8
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diligence, more water, patience, water, practi-
cal common sense and the will to succeed.

The idea came 20 years ago while Lucien
was attending his high school’s ten year re-
union at the Von farm in Carlton, Oregon.
Dick Von, a logger and farmer, had always
wanted to build a hydroelectric system on
the farm. The Vons were just getting started
with their project at the time of the reunion,
so Lucien got to see the beginning phases of
the system. Pipelines had been laid, and the
powerhouse had been started.

The gears in Luciens head started turn-
ing. Soon after the reunion, and every three or
four years, Lucien contacted the local utility

Greg Whéeler
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to see what they thought of the idea of a small
hydro plant being built and intertied with the
utility. Each time the question was asked, the
same answer was given: “It’s a great idea, but
with the low rates that McMinnville Water and
Light currently has it'’s simply not an economi-
cal thing to build, and the payback would be
too many years to count.” McMinnville Water
and Light still has one of the lowest electricity
rates in the US.

Eighteen years went by. The year was 2000,
and an energy crunch was upon us. This en-
ergy crisis prompted us to hire an engineer
and pursue the hydro project in earnest. The
engineer saw promise in the project.

Lucien again contacted the Vons and ar-
ranged for a personal visit and tour of their
system, which by then had been in opera-
tion for nearly two decades. Juliette, Lucien’s
mother, and Lucien were both hooked after

Hydro History — Full Circle

When Crown Hill Farm was started, my parents
were the first rural electric customers of the
utility on Baker Creek Road. They also supplied
cordwood to the utility to operate a steam tur-
bine that was used to power the electric plant
for the city of McMinnville in the early years. The
plant used a combination hydro/steam turbine.
When water was not available in sufficient sup-
ply from Baker Creek to turn the Pelton wheel
turbine, steam was generated by a wood-fired
boiler. This power plant was located just one
mile above the farm’s entrance.

This plant was a 200 kilowatt system that
was the only source of electricity for the city
of McMinnville in the early days. It was built in
1907.The vertical head was 237 feet, only 50 feet
more than we have on our system. The water
was carried via a 24 inch pipeline approximately
one mile. A dam was installed, complete with
fish ladder and a large vertical slide gate for
flushing the dam.

As a child, | played at the dam on countless
occasions and was always intrigued with it, the
fish ladder and all parts of the system. Recently

| got to see the remains of the original turbine
that was decommissioned in 1952. When Mc-
Minnville Water and Light came on-line with
Bonneville Power, it was required that they shut
down their own power plant.

Lately there’s been talk of recommissioning
this plant. The Crown Hill Farm projectis a dem-
onstration of the viability of hydroelectricity.
Things have come full circle with the comple-
tion of Crown Hill Farm’s hydro project.

The Baker Creek power plant. Juliette’s father
delivered wood to it in the early days.

Juliette Gunderman
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seeing the Vons’ system. We both knew that
Crown Hill Farm had the potential for a hydro
system if Lucien’s ideas could be put together
into a finished package.

McMinnville Water and Light

Lucien again made a trip to the local utility,
and this time got a much different response.
Rates were increasing and were expected to
keep increasing, and electricity was now in
short supply. Amazing how a few years and an
energy crisis can change a situation.

However, no one in the 113 year history
of the utility had ever built a grid-tied micro-
hydro project in its service area. The company
was reluctant to be more accommodating
than they were legally required to be. And
they were completely unfamiliar with the in-
terface and the induction generation system
that we were proposing.

After several meetings with us, the Mc-
Minnville Water and Light Commission and
the staff of the utility saw the value that local
renewable energy would provide to the com-
munity. They offered to be more flexible and to
install a pole and dual meters for the project.
One meter was for incoming electricity and
one for generated electricity flowing back into
the grid.

Crown Hill Farm Hydro

Our farm was started in 1920 by Damien and
Zephirine Mochettaz, Juliette’s parents. It en-
compasses nearly 800 acres. Crown Hill Farm
is aptly named — it sits in the rolling hills west
of McMinnville, and actually has a crown of
high hills around the south and west ends of
the property above our main farm buildings
and residences. We recently put a conserva-
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Greg Wheeler

The two Canyon Industries turbines flank the 30
kilowatt, three phase generator.

tion easement on the farm to protect its natu-
ral beauty and open space in perpetuity.

Once we got started on the hydro project,
a hydrologist was hired. He determined that
approximately 175 acres could be used as the
watershed for the project. There were already
two lakes on the farm. The large one was built
in 1954 and is used for irrigation; it holds
roughly 22 acre feet (2,700 cubic meters; just
over 7,000,000 gallons) of water. The second
lake was quite small, but could act as a collec-
tor for the new lake that would be built at a
slightly lower elevation. It was in a more ben-
eficial location for collecting and regulating
water for this project.

We verified rainfall for the last 50 years,
which showed that adequate water would be
available (at least in the winter months) to run
the system. The farm, located six miles west of
McMinnville, gets 46 to 50 inches of rain per
year. After doing this research we decided to go
ahead with the project, so we started to make
arrangements and plans. Various sources were



36 SERIOUS MICROHYDRO

At the little lake, a blue intake pipe is drilled with
hundreds of Y4 inch holes. The galvanized shroud
prevents debris from clogging the intake.

used to research the project, from the Internet
to Oregon State University.

We dug several small collection ponds
and nearly 5,500 feet of ditches. This included
ditches to divert water to two reservoir ponds
that supply water to the project, as well as for
the main lines to the turbines.

Water for this power plant is from upland
sources, including several artesian springs
that run year-round, and from collected rain
runoff. The head (vertical distance the water
falls) from the little lake diversion is 85 feet,
and the head from the large lake is 170 feet.
The water leaving the powerhouse runs into
Baker Creek, which borders our property, and
eventually into the Yamhill, Willamette and
Columbia Rivers.

Intake and Pipe

The penstock system includes two main pipes.
The ten-inch pipeline from the big lake runs
1,850 feet and feeds the larger of the two tur-
bines. The eight-inch pipeline from the little

Greg Wh‘e'eler

lake runs 950 feet and feeds the smaller tur-
bine. Both pipelines are buried five feet deep.
Both lines are straight runs except one 45°
elbow in each line, where there are thrust
blocks — large concrete blocks attached to the
pipe. The thrust blocks anchor the pipe and
absorb the force of the water on the fittings
and pipe. There are also thrust blocks on the
ten-inch line where it comes up and into the
filter, which is adjacent to the powerhouse.

We did a lot of the manual work and used
our backhoe and dozer for much of the exca-
vation. All four small diversion ponds and the
second lake were built by Lucien and a friend,
Jim Modaffari, who does excavation work.
Pipelines were laid by a professional who deals
with high pressure irrigation lines all of the
time. All pipeline ditches were backfilled by
Lucien. We also designed and helped build all
portions of the tailrace and powerhouse.

The big lake has a filter screen on the end
of a pipe in the lake. The stainless steel screen
box is approximately five feet tall by two feet
wide by two feet deep and is clamped to the
pipe with a steel clamp. It will not allow any
particles or debris larger than % inch in diam-
eter to enter the penstock. The penstock is the
pipe that delivers the water from the intake to
the turbine.

We installed a 2,000 gallons per minute in-
line filter that removes any debris that might
get through the main screen in the bottom of
the lake. This filter has a built-in brush and
blow-off valve so that it can be cleaned and
flushed even while in operation.

Canyon Industries manufactured our
two Pelton turbines. They did not want any
particles larger than % inch passing through
the turbines. When we ordered the filter, the
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Technical Specifications

System type: Batteryless grid intertie, three
phase, 240 volt, open delta wiring configu-
ration

Static head: Little lake, 85 feet; big lake, 170
feet

Flow rate: 65 to 1,850 gallons per minute

Large turbine: Canyon 1215-2, twin nozzle
Pelton, 12 inch pitch diameter

Small turbine: Canyon 9513-2, twin nozzle
Pelton, 9.5 inch pitch diameter.

Both turbines have manganese bronze
runners. Our system is unique in that

two turbines actually run one generator.
Either turbine can run the generator with
one nozzle or two, or both turbines with
one, two, three or four nozzles. Valves are
automatically opened and closed through
the secondary control panel according to
lake levels.

We have two on/off setpoints in both
lakes according to levels that we can select
at the powerhouse. The system can operate
completely unattended, with a variety of
weather conditions and available flows.

Nozzles: Minimum nozzle size for both turbines
is 0.63 inches. Maximum nozzle size for the
large turbine is 1.6 inches. Maximum nozzle
size for the small turbine is 1.4 inches.
Nozzles are fixed-jet type nozzles that are
easily changed for seasonal water fluctua-
tions.

Generator: Marathon, M/N 324TTDP7071, 240
VAC, three phase, induction, 60 hertz, 0.5 to
30 kilowatt, 1,800 revolutions per minute,
belt driven

Main disconnect fuse/breaker: 100 amps at 240
volts, three phase

System performance metering: PQM, Multi-
lynn. Shows voltage, amperage, instan-
taneous power output and approximate
kilowatt-hours

Average kilowatt-hours per month: 3,000
kilowatt-hours

January-April 2003

Utility residential kilowatt-hour cost: 3.8 cents
for the first 1,000 kilowatt-hours; 4.1 cents
over 1,000 kilowatt-hours

Percentage offset by system: 50% in first six
months of operation

manufacturer opted to use %s inch stainless
steel mesh for the screen. They felt that we
would have little or no trouble with organic
material getting hung up on this size mesh.
We've flushed the filter four times since it was
installed eight months ago. The filter has two
pressure gauges mounted on the body, and
it is recommended that it be flushed when
there is a five pounds per square inch difter-
ence between source and output ports on the
filter. When we did flush the filter, it had never
reached the five pounds per square inch dif-
ference. We just wanted the system to work at

optimum efficiency. The filter has worked very
well.

The little lake intake screen is a combina-
tion screen and filter. It was made from a piece
of schedule 40, eight-inch PVC pipe that is
vertical in the lake. Lucien drilled % inch holes
for seven hours one day to make this intake
filter/screen. It works perfectly. We used some
24 inch galvanized heat duct to make a shield
that surrounds the intake pipe. Water must
enter at the bottom of the shield, so a very lim-
ited amount of debris is pulled up to the actual
screen pipe. We plan to build a catwalk this

Lucien Gundermann
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summer so we can run a brush up and down
the pipe to dislodge small particles that are
sucked against the pipe during operation.

Latest Technology
The system is designed to run with water from
one or both lakes in combination and uses
two, twin nozzle, Canyon Industries Pelton
wheel turbines that are synchronized via a belt
drive to operate in unison. The turbines are
a fixed-nozzle design, and nozzles can easily
be changed depending on the available water.
The low-end output of the system is approxi-
mately 500 watts, and the high-end rating is
30 kilowatts. The turbines will run efficiently
with a volume as low as 65 gallons per minute
or as high as 1,850 gallons per minute.

Since we have a net metering contract with

Left: The main contactor enclosure contains the
overcurrent protection, manual disconnect and
main relay.

Right: Two kilowatt-hour meters measure grid
energy to the farm and hydro energy to the utility
grid. Below is the disconnect required by McMinn-
ville Water and Light. The shed that houses the
turbines and controls is in the background.

Greg Wheeler

McMinnville Water and Light, we cannot ex-
ceed 25 kilowatts at any time during the year.
Oregon law for net metering limits the output
to 25 kilowatts. This system is a three phase,
240 volt grid interface system that is wired
directly into McMinnville Water and Light
transmission lines. Electricity generated is
credited by the utility through a net metering
agreement signed earlier in the year.

This hydro plant incorporates the latest
technology and has automated features that
monitor lake levels and temperature, as well
as generator function, frequency, kilowatt out-
put and power quality. It has automated con-
trols that open and close valves on the turbines
according to lake levels. Level options are pro-
grammed on a keypad on a secondary control
panel, and a digital readout gives water levels
in both lakes as well as a temperature reading
of the lakes and Baker Creek.

The system also has a dual timer option
for turbine operation and a manual override
for select situations. It has six fail-safe controls
that will automatically shut down the genera-

tion system when necessary. These controls
protect the equipment and ensure that no elec-

Grég Wheeler
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tricity will flow into the local utility lines when
they are being repaired by utility workers dur-
ing a grid outage. An automatic water shut-off
feature will turn off all water to the turbines in
the event of a utility failure or any other sys-
tem malfunction. Lucien designed this feature

so that a valuable resource — water — will not
be wasted.

Taking Care of the Fish

To protect the fish the system monitors the
temperature of the water and the levels of each

Induction Generation

When we looked at what type of generating
system to use, the most economical and easily
grid-intertied system was an induction genera-
tion system. With an induction system, you use
a regular induction motor. When the turbine
spins the motor shaft, the motor becomes a
generator and generates instead of consuming
electricity.

Synchronization

One beauty of this system is the simple con-
trols required to connect to the grid. There is
an electronic tachometer that monitors the
system speed. When the induction motor/gen-
erator hits generating speed, the control panel
connects it to the grid. After the phases line up,
the grid locks the generator at 60 hertz, and it is
generating. Induction generators are easily ob-
tained, although ours, because of the double
turbine drive, had to be special ordered.

Safety

Within the intertie panel are relays that will
sense a grid failure and automatically shut
down our system. So the system cannot endan-
ger utility crews with an unanticipated electri-
cal feed. Electrical codes are very specific as to
auto shutdown in the event of a grid failure. The

utility was very concerned about the intertie,
since we are the first non-utility hydro plant to
come on-line in their history. If the utility needs
to work on main transmission lines, they can
shut off our system with a manual disconnect
switch, which in turn shuts down the generat-
ing system in a matter of seconds.

Induction or Asynchronous?

We did also consider using an asynchronous
generator. With an asynchronous system, we
would have had the option of complete stand-
alone power, even if the grid went down or
failed. But it also would have meant more wir-
ing, a grid-interactive inverter, batteries and
a high voltage utility disconnect. The addi-
tional cost would have been approximately
USS$20,000 to $25,000. We decided that since we
already had backup generators, this additional
investment really made little sense.

Transmission

Our transmission lines to tie in with the grid are
only about 450 feet of overhead run, and we
were able to tie into our existing 240 volt, three
phase, open delta irrigation service. This kept
the cost down and is working very well.
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lake. If the levels get too low or the water is too
warm, it can’t be run through the turbines and
introduced into Baker Creek. Each lake has a
two-stage setting with level controls to maxi-
mize resource usage and allow for automatic
control of generator output.

Water leaving the turbines through the
concrete tailrace is slowed to alleviate ero-
sion and eliminate water turbulence when it
merges with Baker Creek. The water is aerated
thru a series of diversion bars of expanded

metal, oxygenating the water to facilitate fish
habitat in Baker Creek. The creek is listed as a
fish-bearing stream, which includes such spe-
cies as dace, sculpin, cutthroat trout, lamprey;,
crayfish, winter steelhead and coho salmon.
The temperature standard for cutthroat
trout, steelhead and salmon is quite cold.
Technically, the temperature is not to ex-
ceed 55°F May 1 through July 15, 65°F July
16 through October 15 and 55°F October 16
through 31. We did a lot of talking about these

Water Wheels

A small, four-foot water wheel is incorporated
into the design of this hydro project, just for fun.
The water wheel was constructed from an an-
tique steel wheel that was 36 inches across, and
the 2 gallon buckets were from a dismantled
feed mill, the old Albers Mill on Front Street in
Portland.

For the time being, it is just a functioning,
aesthetic addition to the project. The dry sea-
sons during these last two years have also lim-
ited the possibilities for the water wheel. Water
for the water wheel comes from a third source
of water so it does not take water away from the
main turbines.

A new, small water wheel, made froman old
squirrel cage fan, mounted on a frame on roller
bearings has been constructed and direct cou-
pled to a permanent magnet motor from a com-
puter drive. This small water wheel is mounted
on top of the original tailrace, and is supplying
a continuous output of between 2 to 12 am-
peres at 12 VDC to two automobile batteries. A
700 watt inverter supplies emergency lighting,
runs a battery charger for the DC portion of the

main project and runs some decorative lighting
on the exterior of the hydro building.

This portion of the project was just a brain-
storm and a fun part of the overall project. It
uses the same water that is fed to the larger
water wheel, so it does not take away from the
main turbines. The inspiration for this project
was a similar picohydro system at otherpower
.com/otherpower_experiments_waterwheel
.html.

A small, four-foot diameter water wheel was built
using parts from an old feed mill.

Greg WHeel'er
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temperature criteria with state and federal
agencies and ended up having to install the
temperature monitoring equipment and set-
ting it up for auto shutdown if we exceed the
creek temperature.

Alarms and Controls

Lucien installed signal lighting that is visible
from our home to show when the system is
operational. An audible and visual alarm were
also designed and installed to alert us of a
grid failure or system shutdown. A low volt-
age power supply and low voltage actuators
are used for the auto valve control that is run
from the head level sensors in each lake. The
actuators were purchased from Burden’s Sur-
plus Center in Minnesota. A 24 VDC battery
charger charges two small 12 volt batteries in
series, which allows the system to close valves
in the event of a grid failure. If the grid goes
down, a relay simply tells the panel to close all
valves and shut off the water.

Even though Lucien thought up many of
the details in this system, the turbines, panels
and most of the control mechanisms were not
manufactured on-site. There were countless
phone calls and e-mail messages, as well as
continuing research into many of the details of
this project. It would not have come together
without the help of Canyon Industries, Bat
Electric and Inertia Controls. The equipment
used for the project has a long life and is ex-
pected to perform for a century or more with
little maintenance.

Determination

This 30 kilowatt capacity microhydro plant is
the first newly licensed hydro plant in the state
of Oregon in the last 20 years. Several people
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Hydro System Costs

Turbines and switchgear $40,000
Pipe and installation $22,500
Building and concrete $10,000
Excavation $7,500
Water wheels (both) and equipment $500
Electrician $6,500
Engineering and miscellaneous costs  $2,500
Hydrologist report $1,600
Total $106,600
Note: all igures in US dollars

have told us that they would not have had the
determination, persistence and patience to
deal with all of the agencies and their rules,
regulations, restrictions and timetables.

Local, state and federal agencies that had
jurisdiction or commented on the project
included: Yamhill County Planning, Oregon
Department of Fish and Game, Oregon De-
partment of Environmental Quality, Oregon
Division of State Lands, Oregon Department
of Forestry, Oregon Department of Agricul-
ture, Oregon Office of Energy, State Historic
Preservation Office, Oregon Department of
Water Resources (the lead agency), North-
west Power Planning Council, Oregon Parks
and Recreation Department, Oregon Land
Conservation and Development Department,
Oregon Public Utilities Commission, US De-
partment of Fish and Wildlife and the Na-
tional Marine Fisheries Service. Our com-
mitment was tested when dealing with these
agencies during the licensing process, which
took a year and a half.

Benefits

We see many benefits from our hydro project.
The major one is supplying electrical energy.

Lucien Gunderman
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Crown Hill Farm’s Dual Turbine Hydro System
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water temperatures; Contactor: Disconnect: Three 100 amp
powered by 12V battery- 3-pole relay Three ganged breakers
based water wheel system 100 amp
ganged
/ I : r breakers
u 1 .) Transformer:
: 240 VAC to 240 VAC
Geherator with center tap
Marathon, M/N 324TTDP7071, Ground
240 VAC, three-phase, induction, 60 Hz, _r"—°

30 KW, 1,800 rpm, belt driven

Hydro-electricTurbines:
Canyon 1215-2, twin nozzle Pelton,
12 inch (30.5 cm) pitch diameter;
Canyon 9513-2, twin nozzle Pelton,
9.5 inch (24 cm) pitch diameter

The system is expected to generate 96,000
kilowatt-hours of electricity per year, enough
to supply approximately eight typical Oregon
homes. It should generate enough electricity
to meet all of Crown Hill Farm’s electricity —
and about 25% more, which McMinnville
Water and Light will buy at wholesale and re-
sell to other consumers.

Another important benefit is that our
project is a renewable resource and does not
deplete any natural resources. The two main
lakes already existed and needed no structural
changes. The diversion ponds provide addi-
tional wildlife habitat. The project adds cold,
aerated water to Baker Creek, which enhances
fish habitat.

“A hidden benefit is that this little hydro
system is actually improving the power qual-
ity for their neighbors,” said Christopher Dy-

AC Distribution Panel:
To 120 and 240 VAC loads

mond of the Oregon Office of Energy. “Lucien
and Juliette’s investment in local clean en-
ergy reflects both their patriotism and good
stewardship.” One of the main pipelines also
incorporates irrigation risers that will add ef-
ficiency to summer irrigation because of the
larger supply line with more pressure. The
large lake has been used for irrigation pur-
poses since 1954.

The project better controls runoff water.
It collects and diverts water to the new diver-
sion ponds and two regulation lakes. This dra-
matically reduces erosion, sedimentation and

water damage to drainage ditches and Baker
Creek.

Hydro Dreams

It has been said that dreams come and go. In
this case, our dream has come true, especially

Home Power
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for Lucien, who never gave up hope on the
idea that our farm and its natural resources
could one day be used to supply electricity to
ourselves and others.

A project like this is a big undertaking,
with many unexpected costs and hurdles
along the way. But the feeling of satisfaction,
pride and good stewardship is well worth the
time, energy and hard work to bring it all to-

gether. It is a great feeling to see a project come
together and work after dreaming and plan-
ning for many years.'

Editor’s Note: This article first appeared in
Home Power Issue #96 (August/September
2003) and is reprinted with permission of the
authors.






PART 11

Household Pressure Sites

These many sites run on far less pressure than
the classic systems. Gravity water systems
are often used, when available, to deliver do-
mestic water to houses. Many find that the
same pipe that delivers water to the house has
enough capacity left over to generate power.
Seeing this potential and creating the technol-
ogy to realize it was the particular genius of
Don Harris in the US and Paul Cunningham
in Canada.

Following is a selection of sites that run on
very approximately as much pressure as your
kitchen sink. For example, our current urban
household pressure is often at 90 pounds per
square inch (psi), the equivalent of well over
200 feet of head.
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Some useful examples of this kind of sys-
tem didn't make it into this collection in their
full form, but they are summarized in Figure
1 (Case Studies by Head) in the Introduction.
In Home Power Issue #71, there is an excel-
lent article on the use of induction motors for
small hydro, as well as several case studies, in
the article by the late Bill Haveland titled “In-
duction Motors for Small Scale Hydro.” There’s
a humourously written case study called “Off-
Grid Pioneers,” reassuring the reader that few
indeed are the sacrifices made when power-
ing your remote homestead with microhydro,
in Home Power Issue #59. In addition to these,
a couple of microhydro systems are mentioned
in “Renewable Energy: Kiwi Style”in Issue #49.






The Small AC System

SCOTT L. DAVIS

Part of this article appears as a case study in
the RETScreen Clean Energy Project Analysis
Software.' This chapter expands upon the les-
sons learned at this site.

Results

A microhydro system was built for an oft-grid
family ranch in a remote area west of Lillooet,
BC over a period of time in the 1990s. It was
put together with local talent and quite a bit
of volunteer labour from all concerned. It re-
placed an existing homemade microhydro
system, taking advantage of an existing gravity
water system, with a more efficient and reliable
system offering more power. This new system
provided electrical service and also furnished
domestic hot water and a significant amount
of space heating.

System Description

The system is based on a Canadian turbine,
the Energy Systems and Design Turgo with
four inch runner, well-tested in battery charg-
ing applications where it generates up to 1.5
kilowatts. It is perfectly capable of generat-
ing more than three kilowatts, as it does in
this three-jet system. It drives a 12 kilowatt
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brushless AC alternator. Although larger than
strictly necessary, the alternator proved to be
reasonably efficient, and the extra mass came
in handy acting as a flywheel to help in motor
starting.

Lessons Learned

« Every site is unique.
o The supply of renewable energy from the

This runner from a battery charging turbine is
robust enough to generate a few kilowatts.

X /
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microhydro system greatly exceeds the
home’s demand.

o This system performed slightly better, in
terms of satisfying sensitive and transient
loads, than a battery/inverter system rated
at 2.5 kilowatts —and also provided lots of
heat.

o This direct AC system does not require
a careful assessment of the demand, as
might a microhydro battery charging
system, and is simpler and more reliable
than systems incorporating batteries.

« Maintenance requirements on this system
are minimal. Bearings need to be replaced
every seven years. The intake needs to be
cleaned, a 15 minute task monthly or, dur-
ing fall, even weekly.

The Big Picture

Microhydro technology can be by far the most
cost-effective solution to the problem of pro-
viding basic electrical service to an off-grid
residence, even when the system output seems
very small indeed. Europeans and many off-
grid consumers can testify that the first 100
kilowatt-hours per month makes possible
the majority of benefits associated with elec-
tric service, and that a couple of 100 kilowatt-
hours per month permits a higher standard of
living. These same consumers often report that
a 2.5 kilowatt inverter adequately meets their
household power requirements. Although the
homeowner could have invested more money;,
effort and engineering to generate more power
from the available water resource, a 3.2 kilo-
watt system was most satisfactory. Despite the
high heating requirements of the log home,
excess power was being dumped for much of
the year. Lack of opportunities for getting an

SERIOUS MICROHYDRO
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A third jet gave more space heating in the winter.

economic return for excess power often limits
the size of projects that can be justified. An op-
portunity to create value from surplus power
would be welcomed by many microhydro
users.”

The History of This Small AC System

This site has seen many upgrades over the
years. Each one taught many lessons about
just what was, and was not, possible with vari-
ous small AC systems. At the time, and even
today, you will often hear that an AC system
has to be at least a couple of kilowatts in size to
be practical. However, when we bought it, this
ranch came with a 600 watt AC system that
ran a perfectly ordinary refrigerator as well
as lights. We thought it was the best system
around. The output was a true sine wave, run-

Roy Davis .



The Small AC System

ning electronics and other demanding small
loads quite well. This held, even though the
frequency dropped to 50 cycles or lower as the
system became overloaded. The refrigerator
ran for years and years like this. Incandescent
lightbulbs (this was before compact fluores-
cent bulbs were available) seemed to last much
longer at lowered voltage.

It’s also possible to hear that control of AC
systems is difficult without expensive control-
lers. The original system was entirely uncon-
trolled, without having to leave all the lights
on or to move quickly when loads changed.
The person who put this system together was
quite a clever guy mechanically, really the clas-
sic rancher. At a scrapyard he found a big old
turbine that had been in use for decades. It
was so big that even with over 100 feet of head,
it only turned a few hundred revolutions per
minute. The pipe had many kilowatts of po-
tential, and so the rancher was clever enough
to trade output for controllability. Instead
of gearing the wheel to the alternator to get
the most power with a large diameter pulley,
he used a smaller pulley than required. This
didn’t slow the turbine down enough to make
much power, but on the other hand, it didn’t
run away to high revolutions per minute when
the loads were off either.

When our family bought the ranch, I no-
ticed that there was little difference between
the static head and the pressure when the tur-
bine was running. We increased the nozzle
size and used more water. I replaced the pul-
ley with a flywheel from a hay baler, both for
larger diameter and for the flywheel effect.

The system was still operating far below
its potential, and so controlling the system
was just not that difficult. The mass of the fly-

Roy Davis

A scrapyard system with many clever features

wheel, plus the fact that the gearing was still
not ideal, meant that speeds changed slowly.
As the system got loaded up, the wheel slowed
down more and became more efficient. Then,
of course, it got less efficient as it speeded up,
the cups kind of running away from the water,
and so the system tended to be somewhat self-
correcting. The controller now consisted of a
voltage sensitive relay running a water heater.
When the voltage got too high, the inexpen-
sive relay cut in the water heater. When the
voltage was too low, it cut off the load. We used
a dimmer to adjust the apparent size of the
load so that the whole thing ran really quite
smoothly.

This upgrade made a system of about 1,000
watts. In addition to the fridge, we now had a
freezer and automatic washer with soft start
kits.

The point is that we had many modern
conveniences with a 600 watt system, to be
sure. None of the appliances were anything but
ordinary until we got the soft start kit installed
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on the new freezer and washer. Even at 600
watts, we could easily have run a Sunfrost
high efficiency fridge and freezer, and found
or made a custom washer. It’s just that in this
case, which I now see as quite unusual, money
was always better spent making more of the
potential of the pipe. We didn’t even have solar
hot water, since we could get quite a bit of hot
water even with 1,000 watts.

After all, a 1,000 watt system delivers
nearly as many kilowatt-hours per month as
the average local household uses. There were
problems with starting larger tools, but this
again wasn't really a hardship.

Reliability drove upgrades as much as
the desire for more power. One morning, the
lights seemed kind of dim. When we went
to the powerhouse, one of the bearings had
failed, spilling bearings on the floor. The other
bearing, however, still held up. Ball bearings
all over the floor, and it still put out power!

At first, only two jets were used in the new
turbine. It still gave 2,500 watts, two and a half

times as much as before. The hot water heater
worked a lot better, we could start anything
that an inverter rated at 2,500 watts could start
and maybe a little more, and we got quite a bit
of space heating in the winter.

We found that the first small system actu-
ally delivered quite a high standard of living.
The upgrade to an output of 1,000 watts al-
lowed us to continue to use inexpensive ap-
pliances and forego solar water heating. The
upgrade to a new direct drive 2,500 watt sys-
tem gave blessed reliability from its one mov-
ing part, as well as much more heat. The 3,200
watt upgrade provided even more space heat-
ing during the winter months.

There was still more potential, up to five
kilowatts, in the existing pipe. These last kilo-
watts would require spending real money for a
more efficient turbine, fixing up the intake for
higher flows and other improvements. We had
finally reached a point of diminished returns,
and just enjoyed it.



Kennedy Creek
Hydroelectric Systems

RICHARD PEREZ

In the 6,000 foot Marble Mountains of North-  nally empties its water into the Klamath River
ern California, it rains. Wet air flows straight  atabout 500 feet elevation. This gives Kennedy
from the Pacific Ocean only 40 airline miles Creek a total head of 2,000
away. This moist ocean air collides vertical feet over its five

with the tall mountains and
produces over 60 inches
of rainfall annually. Add
this rainfall with the
spectacular vertical
terrain and you have
the perfect setting for
hydroelectric power.
This is the story of just
one creek in hydro

;f) mile run.
C %", The volume of wa-
7.0 ter in Kennedy Creek
g is not very great. While
we weren't able to get re-
ally hard data as to the
amount of water, the resi-
dents guessed about 500
gallons per minute. Kennedy
Creek is not large by any stan-

country and of five dif- dards. It varies from two to eight

ferent hydro systems Z fgf > feet wide and from several inches to
Home Power ’

sharing the same waters. about four feet deep. We were able to cross it

everywhere and not get our feet wet. The point

Kennedy Creek here is that you don't need all that much water

Kennedy Creekis on the west drainage 0o£4,800  if you have plenty of vertical fall.

foot Ten Bear Mountain. The headwaters of

Kennedy Creek are located in a marsh at 2,500 The Kennedy Creek Hydro Systems

feet of elevation. The headwaters are spread  Kennedy Creek supports five small scale hy-
out over a ten acre area, and the power of Ken-  droelectric systems. Each system supplies
nedy Creek doesn't become apparent until its  electric power for a single household. Each
waters leave the marsh. After awinding course  system uses the water and returns it to the
over five miles in length, Kennedy Creek fi-  creek for use by the next family downstream.
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These systems are not newcomers to the
neighborhood; they have been in operation
for an average of 7.6 years. These systems pro-
duce from 2.3 to 52 kilowatt-hours of electric
power daily. Average power production is 22
kilowatt-hours daily at an average installed
cost of US$4,369. Ifall the hydroelectric power
produced by all five Kennedy Creek systems
is totaled since they were installed, then they
have produced over 305 megawatt-hours of
power. And if all the costs involved for all five
systems are totaled, then the total cost for all
five systems is US$21,845. This amounts to
an average of seven cents per kilowatt-hour.
And that’s cheaper than the local utility. One
system, Gene Strouss, makes power for three
cents a kilowatt-hour, less than half what’s
charged by the local utility.

All the power production data about the
Kennedy Creek hydroelectric systems is sum-
marized in the table. All cost data is what the

owners actually spent on their systems. Be-
ing country folks, they are adept at shopping
around and using recycled materials. The cost
figures do not include the hundreds of hours
oflabor that these hydromaniacs have put into
their systems.

Let’s take a tour of the Kennedy Creek
hydros starting at the top of the creek and fol-
lowing its waters downward to the Klamath
River.

Gary Strouss
Gary Strouss wasn't home the day that Bob-O,
Stan Strouss and I visited Gary’s hydroelectric
site. Gary is a contractor and was oft about his
business. So as a result, we got this info from
his brother Stan and father, Gene (the next
two systems down Kennedy Creek).

Gary’s hydroelectric system uses 5,300
feet of four-inch diameter PVC pipe to de-
liver Kennedy Creek’s water to his turbines.

Average Daily Power Total Power System Power
System’s Power Output Made Costs to

Hydroelectric Agein Output (kilowatt-  (kilowatt- System  Date ($ per
System Owner Years (watts) hours) hours Cost  kilowatt-hour
Gary Strouss 6 2,040 49 107,222 $8,795 $0.08
Stan Strouss 8 180 4 12,614 $3,520 $0.28
Gene Strouss 9 2,166 52 170,767 $5,950 $0.03
Max and Nena Creasy 6 97 2 5,096 $1,295 $0.25
Jody and Liz Pullen 9 120 3 9,461 $2,285 50.24
Averages 7.6 921 22 61,033 $4,369 $0.18
Totals 38 4,603 110 305,163 $21,845
Total average cost per kilowatt-hour from Kennedy Creek systems $0.07

Note: All figures in US dollars

Richard Perez
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The head in Gary'’s system is 280 feet. Static
pressure is 125 pounds per square inch at the
turbines.

Gary uses two different hydroelectric gen-
erators. One makes 120 VAC at 60 hertz di-
rectly and the other produces 12 VDC. The 120
VAC system is very similar to the one his father
Gene Strouss uses and is described in detail
below. Gary’s 120 VAC system produces 3,000
watts about eight months of the year. During
the summer dry periods, Gary switches to the
smaller 12 volt hydro.

The 12 volt DC system uses a Harris tur-
bine that makes about 10 amperes of current.
The Harris turbine is fed from the same pipe
system as the larger 120 VAC hydro.

Gary’s home contains all the electrical con-
veniences, including a rarity in an AE powered
home —an air conditioner! The 120 VAC hy-
dro produces about 48 kilowatt-hours daily, so
Gary has enough power for electric hot water
and space heating.

Stan Strouss

Stan’s hydro is supplied by 1,200 feet of two-
inch diameter PVC pipe. His system has 180
feet of head. In Stan Strouss’ systems, this head
translates into 80 pounds per square inch of
static pressure and 74 pounds per square inch
of dynamic pressure into a 7%s inch diameter
nozzle.

Stan uses a 24 volt DC Harris hydroelectric
system producing three to ten amperes. Stan’s
hydro produces an average of 180 watts of
power. Thisamounts to 5,400 watt-hours daily.
The system uses no voltage regulation. The DC
power produced by the hydro is stored in a
400 ampere-hour (at 24 VDC) C&D lead-acid
battery. These ancient cells were purchased as

phone company pull-outs eight years ago. Stan
plans to use an inverter to run his entire house
on 120 VAC. Currently, he uses 24 VDC for
incandescent lighting. When I visited, there
was a dead SCR type inverter mounted on the
wall, and Stan was awaiting delivery of his new
Trace 2524.

Stan’s system is now eight years old. The
only maintenance he reports is replacing the
brushes and bearing in his alternator every 18
months. That and fixing his water intake filters
wrecked by bears. Stan and his father, Gene,
own and operate a sawmill and lumber busi-
ness from their homesteads. This business,
along with raising much of their own food,
gives the Strouss families self-sufficiency.

Gene Strouss
Gene Strouss” hydroelectric system is sourced
by 600 feet of six-inch diameter steel pipe con-
nected to 1,000 feet of four-inch diameter PVC
pipe. Gene got an incredible deal on the 20
foot lengths of steel pipe, only US$5 a length.

A 12 inch diameter horizontal cast steel
Pelton wheel translates the kinetic energy of
moving water into mechanical energy. The
Pelton wheel is belted up from one to three
and drives an 1,800 revolutions per minute,
120 VAC, 60 hertz AC alternator. All power is
produced as 60 cycle sinusoidal 120 VAC. The
Pelton’s mainshaft runs at a rotational speed of
between 600 and 800 revolutions per minute.
The output of the alternator is between 1,500
to 2,500 watts depending on nozzle diameter.
At an annual average wattage of 2,000 watts,
Gene’s turbine produces 48,000 watt-hours
daily.

The pipe delivers 60 pounds per square
inch dynamic pressure into a %6 inch diameter
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nozzle, for summertime production of 1,500
watts at 70 gallons per minute of water through
the turbine. In wintertime with higher water
levels in Kennedy Creek, Gene switches the
turbine to a larger, %6 inch diameter nozzle.
Using the larger nozzle reduces the dynamic
pressure of the system to 56 pounds per square
inch and produces 2,500 watts while consum-
ing 90 gallons per minute.

Gene’s system is nine years old. The only
maintenance is bearing replacement in the al-
ternator every two years. Gene’s system uses
no batteries; all power is consumed directly
from the hydro. Gene keeps a spare alterna-
tor ready, so downtime is minimal when it is
time to rebuild the alternator. Regulation is via
a custom-made 120 VAC shunt type regula-
tor using a single lightbulb and many parallel
connected resistors. Major system appliances
are a large deep freezer, a washing machine,
120 VAC incandescent lighting and a televi-
sion set.

Gene’s homestead is just about self-
sufficient (which is why he needs his freezer).
Hundreds of Pitt River rainbow trout flourish
in a large pond created by the Pelton wheel’s
tailwater. The trout love the highly aerated
tailwater from the hydro turbine. Gene grew
100 pounds of red beans for this winter and
maintains two large greenhouses for winter
vegetables. Gene Strouss also keeps a large
apple orchard. Gene raises chickens and this,
with the trout, make up the major protein
portion of his diet. His major problem this
year was bears raiding the apple orchard and
destroying about half of the 250 trees. For a
second course, the bears then ate up over 60
chickens, several turkeys and a hive of honey

bees. Gene called his homestead, “My food for
wildlife project.”

Max and Nena Creasy

Seven hundred feet of two-inch diameter PVC
pipe sources a Harris hydro turbine with two
input nozzles. Static pressure at the turbine is
about 80 pounds per square inch from a verti-
cal head of 175 feet. It produces five to eight
amperes depending on the availability of
water.

Max and Nena use 100 feet of #2 USE
aluminum cable to feed the hydro power to
the batteries. Max and Nenas system uses
two Trojan L-16 lead-acid batteries for 350
ampere-hours of storage at 12 VDC. All usage
is 12 volts directly from the battery. Max and
Nena don't use an inverter. The system uses no
voltage regulation, and overcharging the bat-
teries has been a problem. Power production
is 97 watts or 2,328 watt-hours daily.

The major appliances used in this system
are halogen 12 VDC incandescent lighting,
television, tape deck and amplifier. This sys-
tem has been operation for the last six years.
Nena reports two year intervals between bear-
ing and brush replacement in their alternator.

Max works with the US Forest Service,
and Nena runs a cottage industry making and
selling the finest chocolate truffles I have ever
eaten.

Jody and Liz Pullen

Jody and Liz’s hydro system uses 1,200 feet
of two-inch diameter PVC pipe to bring the
water to the turbine. Jody wasn't sure of the ex-
act head in the system, and without a pressure
gauge it was impossible to estimate. The sys-
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tem works, producing more power than Jody
and Liz need, so they have never investigated
the details.

The turbine is a Harris 12 volt unit. Jody
normally sets the Harris current output at six
to ten amps so as not to overcharge his batter-
ies. An average output figure for this system is
about 120 watts or 2,800 watt-hours daily. The
power is carried from the hydro to the batter-
ies by 480 feet of #00 aluminum USE cable.

The batteries are located in an insulated
box on the back porch. The pack is made up of
four Trojan T220 lead-acid, golf cart batteries.
The pack is wired for 440 ampere-hours at 12
VDC. This system uses no voltage regulation,
and Jody has to be careful not to overcharge
the batteries. Jody uses all power from the sys-
tem via his Heart 1000 inverter. He also uses
a gas generator for power tools and the wash-
ing machine. These tools require 120 VAC and
more power than the 1,000 watt inverter can
deliver.

Jody and Liz have used this hydro system
for their power for the last nine years. They
report the same biannual alternator rebuild
period. Jody runs a fishing and rafting guide
business on the Klamath River called Klamath
River Outfitters.' Liz is just about finished her
schooling and will soon be a Registered Nurse.

What the Kennedy Creek

Hydros have Discovered

Hydroelectric systems are more efficient the
larger they get. The smaller systems have
higher power costs. The largest system, Gene
Strouss, operates at an incredibly low cost of

three cents per kilowatt-hour. And that’s the
cost computed to date. Gene fully expects his
hydro system to produce electricity for years
to come.

Maintenance in these systems is low after
their initial installation. While installing the
pipe takes both time and money;, after it's done
it is truly done. The only regular maintenance
reported was bearing and brush replacement
and trash rack cleaning. The battery-based
DC hydros all showed signs of battery over-
charging. Voltage regulation is the key to bat-
tery longevity in low voltage hydro systems.

A Parting Shot

As Bob-O and I were driving down Ti Bar
Road on our way home, we passed the Ti Bar
Ranger Station run by the US Forest Service.
They were running a noisy 12 kilowatt diesel
generator to provide power for the ranger sta-
tion. Which is strange because they are at the
very bottom of the hill with over 2,000 feet of
running water above them. And they have five
neighbors above them who all use the hydro
power offered by the local creek.

The practical and effective use of renew-
able energy is not a matter of technology. It
is not a matter of time. It is not a matter of
money. Using renewable energy is just doing
it. Just like the folks on Kennedy Creek do.?

Editor’s Note: This article first appeared in
Home Power Issue #20 (December 1990-Janu-
ary 1991) and is reprinted with permission of
the author.
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Independent Power
and Light!

DAVID PALUMBO

When we decided to make our home in the
beautiful Green Mountains of northern Ver-
mont, we had no idea where this new ad-
venture would take us. Looking back at our
decision of six years ago to produce our own
electricity for our new homesite, I am amazed
at how this one choice had such a profound
effect on our lives.

The Palumbo Family

Our family is comprised of my wife Mary Val,
our son Forrest (four years old), our daughter
Kiah (two years), our latest addition Coretta
(ten months) and myself.

Mary Val and I purchased land in Hyde
Park, Vermont during the summer of 1984.
At that time we began researching the alter-
natives to paying the local utility US$6,000 to
connect us to their line half a mile away. We
were encouraged by friends who produced
their own power and a visit to Peter Talmage’s
home in Kennebunkport, Maine. We decided
to “take the road less traveled, and that has
made all the difference” as Robert Frost (a
Vermonter) put it so well. Talmage Engineer-
ing supplied the majority of the hardware, and
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Peter answered my questions. We now use al-
ternative energy at all three of our buildings.
Let’s look at each in turn, as they occurred in
time.

The Cherry House System

In the spring of 1985, while living out of a tent,
we built what we call the Cherry House. This
is first of three buildings designed by M. B.
Cushman Design of Stowe, Vermont. The
Cherry House is a two-storey saltbox with
950 square feet of living space, heated by a
small wood stove. Power for constructing the
Cherry House was supplied by a Winco 4,000
watt, slow speed, engine/generator that runs
on propane. Energy consumption for the com-
pleted house was estimated at 1,300 watt-hours
per day. As our primary power source we pur-
chased ten Solenergy 30 watt PV panels that
were on the market as seconds in early 1985.
The array was cost-efficient, but not really large
enough to satisfy our growing power needs.
Our battery bank, for the Cherry House, con-
sists of eight Surette T-12-140 deep cycle lead-
acid batteries totalling 1,120 ampere-hours at
12 volts. Our loads for this house included our



58 SERIOUS MICROHYDRO

Dometic 12 VDC refrigerator/freezer (seven
cubic feet). We added rigid insulation to re-
duce the Dometic’s power consumption to 420
watt-hours per day. Other loads in the Cherry
House include a variety of REC Thin Lite DC
fluorescents and a ten-inch Zenith color TV
set consuming 4.5 amperes at 12 volts.

When our children began arriving, we
added a washing machine and a clothes dryer.
The washer and dryer are powered by the
Winco generator through the automatic trans-
fer switch built into our Trace 1512 inverter/
charger. The transfer switch and charger in the
Trace inverter allow us to charge our battery
bank and wash the diapers at the same time,
all powered by the Winco generator.

The Trace 1512 could not handle the surges
of the washing machine. The newer model
Trace 2012 will handle most washing ma-
chines. We used the Winco propane-fired
generator to do the laundry and to help our
undersized PV array charge our batteries. The
generator was also essential (until we later
developed our microhydro site) because we
are located in one of the cloudier parts of the
country. For example, during our first Novem-
ber here we had one day of full sun followed
by a delightful December with three full days
of sunshine. Wow! We eventually decided to
add a hydro system, since rainfall is generally
plentiful here, and our site has the elevation
differential to support the hydro.

The Barn and Shop System

During the summer of 1987 we built The Barn
with three horse stalls, a 500 square foot work-
shop and plenty of storage space on the second
floor. The Barn is located 450 feet from the
Cherry House and 250 feet from the site for

the Big House. The distances between these
buildings presented us with two choices for
the overall power plan. First, we could central-
ize a battery bank and inverter large enough
to handle all of our power needs via 115 VAC.
The second choice was to have a separate bat-
tery bank in each of the three buildings. I
went with the second option because we were
building incrementally, and the whole was
only a fuzzy image in my mind’s eye early in
the project. Also, I was entering a new busi-
ness as a designer and installer of alternative
power systems. The added experience of three
separate systems was desirable and influenced
my decision.

Three separate systems may not be the most
efficient way to go. I am presently working on
another large remote site, with three build-
ings, several miles north of our land. This
installation will take advantage of the prod-
ucts available today. Specifically, NiCad bat-
teries and a powerful inverter located in the
garage/shop will serve as the power center for
all three buildings. The advantages of this ap-
proach include saving time and money in wir-
ing and the ability to use a higher battery bank
voltage. This higher system voltage allows the
charge source (in this case, PVs) to be located
further from the batteries without using the
more costly, large diameter wires. For this site,
[ am designing the system with a 48 volt bat-
tery bank.

Our Barn’s power system consists of four
Trojan L-16W deep cycle, lead-acid batter-
ies with a capacity of 700 ampere-hours at 12
volts. We are using the Heliotrope PSTT 2,300
watt inverter. This inverter has worked well
in the shop, powering all of the tools expect
those requiring 240 VAC, which are sourced
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by the generator. We sold the 4,000 watt
Winco and replaced it with a Winco 12,500
watt, slow-speed, propane engine/generator.
We did this because our carpenter needed
to use a high powered air compressor with
a six-horsepower electric motor. The other
machines powered by the generator include
a large table saw, an eight-inch planer and a
six-inch joiner. We wired the big Winco so
that we are able to turn it on or off from any
of the three buildings, using remote four way
switches activating the 12 volt solenoid and
starter switch at the generator. The remainder
of the electrical loads in the Barn/Shop are all
lighting. We used Thin-Lite brand DC fluo-
rescents throughout and are very happy with
them. Since the shop is the only heated space
in the Barn, cold weather light operation was
a must. The Thin-Lites work well in the cold.
They are efficient: for example they produce
3,150 lumens from a standard 40 watt fluores-
cent tube. At 78.7 lumens per watt, this is 25%
higher than the highly praised PL lights. The
40 watt tubes are inexpensive, locally available
and come in a wide variety of spectral outputs.

The Heliotrope inverters do not contain
battery chargers (like the Trace models).
We use a Silver Beauty battery charger that
charges the Trojans quite well from the Winco.
However, this battery charger must be turned
on with a timer switch as it doesn’t have the
programmable features of the sophisticated
charger built into the Trace inverter/chargers.

The Big House

We felt a traditional, New England, colonial
home design oftered the features we wanted
at a reasonable cost. We were looking for a lot
of space, energy efficiency and country charm.

By using all of the space under the roof, we
have been able to build a home with 5,300
square feet of heated space. All of this sits on
a footprint of 2,160 square feet. The Big House
has a full basement (except under the garage)
that houses the boiler room, the battery and
control room, a large play area for the kids
and the cold, root and wine cellars. Without
cramping, we can store up to six cords of wood
in the basement to augment the woodsheds
outside the garage, which hold seven cords.

We have over 100 acres of good forest land
that we are managing for both timber produc-
tion and wildlife habitat. Our woodlots have a
sustained yield of over one cord per acre per
year to supply our buildings with heat from
this renewable resource. Big House’s heat is
produced by an Essex Multifuel boiler rated
at 140,000 Btu. We use it as an oil burner
only very occasionally; it is mostly fuelled by
wood. The Essex has a ten cubic foot firebox
and cycles on and off to satisfy thermostats in
the four heating zones within the Big House.
The Essex burns by a gasification process and
is 95% efficient on wood while producing no
creosote emissions. We also get all of our do-
mestic hot water from this 1,500 pound beast’s
two six gallons per minute heating coils. We
use about 15 cords of hardwood per year to
heat the Big House and its water. I hope to in-
stall a solar hot water heater soon so I can take
a summer vacation from loading firewood
and shovelling ashes out of the Essex.

Microhydro

I began to think about water power after the
first rainy fall of 1985, and by 1987 we began
work on our microhydro project. We built a
pond on the highest site on our property. The
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pond is situated on ideal soils (heavy silt on
top of glacial hardpan) for pond construction.
Our pond is kept full by below-surface springs
and surface runoff.

The pond’s surface is 210 feet in elevation
above our turbine. The pipeline (penstock) is
buried under the pond’s dam and to a depth
of four feet for its entire 1,250 foot run. The
inside diameter of the pipe is two inches. I
vary the water’s flow rate depending on how
much power we need, while trying to keep the
pond reasonably full. By changing the hydro’s
nozzle from % to % inches, I change the flow
rate from 17.5 to 38 gallons per minute.

The turbine is an Energy Systems and De-
sign IAT-1%2 Horsepower Induction Genera-
tor. It was chosen for this application because
of the cost of the long wire runs going from the
turbine building to the three buildings. The
induction generator makes three phase, high
voltage AC current, and the higher voltage re-
quires smaller gauge wire on long runs. The
longest of these runs is 450 feet to the Cherry
House. In retrospect, I would have been bet-
ter oft swallowing the additional expense of
larger wires (US$600) and going with a 24 volt
DC high output alternator, instead of the 200+
VAC induction unit.

What I have now is a more complex system
because of the three phase AC induction gen-
erator. This generator requires just the right
amount of capacitance at the generator, and it
requires properly sized transformers and rec-
tifiers at each of the battery banks. The biggest
problem is that neither the manufacturer, nor
anyone else, could accurately specify what was
needed for capacitors, transformers or recti-
fiers. This is highly site-specific, and in our
system complicated because we are using the

power at three places, each with its own trans-
former. I finally got the system to put out the
power we needed by replacing the induction
generator, capacitors and transformers with
different sizes. This setup was determined
experimentally. It was very frustrating, time
consuming and expensive.

Our hydro system is now producing 240
watts with a % inch nozzle installed at a net
head of 203 feet; this works out to an overall
efficiency of 36%. With the 3% inch nozzle in-
stalled the system produces 430 watts at a net
head of 187 feet; this is an efficiency of 31%.

The Big House’s PV Array

Putting trackers on the roof is an interesting
design feature and a challenging installa-
tion. I first got the idea while visiting Richard
Gottlieb and Carol Levin of Sunnyside Solar
near Brattleboro, Vermont. They have an
eight panel Zomeworks tracker mounted on
their garage roof. Why put the tracker on
the roof? There are three advantages for us
in this application. First, it gets the PV array
way up high —the top of our arrays is 32 feet
above the ground. This drastically reduced
the number of trees we had to clear to get the
sun on the panels. And second, it saves space
on the ground for other things like sand-
boxes and gardens. Third, we don't have to
look out over the trackers from our windows.
Why use trackers this far north? Usually we
do not specify them here because at our lati-
tude (45°N) they add only about 6% to the
PV power production during the winter and
about 22% the rest of the year. The reason we
went with the Zomeworks track racks is be-
cause we have a hybrid system. I sized the PV
arrays to meet all our charging needs during



Independent Power and Light! 61

the summer. Our summer is a dry time, and
our hydro system cannot be relied on then.
The trackers add about 33% to the PVs’ power
production during the summer. Therefore, I
reduced the total number of panels from 32 to
24 by using the trackers. The cost of the track-
ers was offset by the reduced cost of the down-
sized PV arrays.

PV Installation

Each of the two arrays above our garage roof
holds 12 Kyocera 48 watt PV modules for a to-
tal of 1,152 peak watts of solar-produced power.
Over the year our Kyocera panels have consis-
tently outperformed their manufacturer’s rat-
ings. On arecent April day, I observed an array
current of 42 amps at 28 VDC. This occurred
on a day when the sky had many pufty, white
clouds (known as cloud enhancement). On
a clear sky, typically I measure 37.7 amperes
charging our 24 VDC battery bank. I have an
analog ammeter installed in the cover of the
fused PV disconnect for quick checks. For
more accuracy, [ use the millivolt scale on my
Fluke 23 multimeter to measure the voltage
drop across the precision (0.25%) 50 millivolt
shunt on our Thomson and Howe ampere-
hour meter (see Home Power Magazine, #11,
“Things that Work!” article). A 48 watt Kyo-
cera panel is rated at 2.89 amperes, but I mea-
sured 3.14 amperes per panel.

The 24 Kyocera J-48 modules are mounted
on two Zomeworks pole-mounted track
racks. Each tracker was placed on its pipe mast
by a crane operated by an expert and a crew
of three helpers on the roof. Hiring the crane
cost US$210 and was worth that and more.
Installation in any other fashion would have
been asking for trouble: possibly fatal damage

to the PV or trackers, and/or potential injury
to yours truly and my crew.

The pipe masts themselves are five-inch
schedule 40 steel, each 17 feet long. The masts
were cut seven feet from the base and later
spliced with a four-foot section of four-inch
pipe inside the five-inch pipes. The splice was
necessary because the full 17 feet length would
not fit into my shop easily nor would it push
up through the roof easily. The lower section
of the mast (7 feet) had an 18 inch by 18 inch
plate of % inch steel welded on its bottom. The
steel plate was drilled out for three ¥ inch lag
bolts along each side. The masts were bolted
down with eight bolts per mast. The lag bolts
went through the % inch tongue and groove
plywood decking and into the 2 x 10 floor
joists and added box bridging. The upper sec-
tion of the mast (10 feet) was lowered through
the hole in the roof by two men to a third man
guiding it into the splice insert. A standard
roof flange of aluminum and rubber was then
placed over the top of the pipe mast and seated
onto the roof where it sits under the high shin-
glesand over the low shingles. The seam where
the roof flange and pipe meet is sealed with
a type of butyl tape called Miracle Seal. This
thick, pliable tape expands and contracts with
the steel pipe during changes in temperature.

The last detail of the mast’s installation
was fastening the pipe to the roof rafter for
stability. Absolute rigidity is as important
here as it is at the base plate. Consult with a
local building expert or structural engineer if
there is any doubt about your roof-mounted
tracker. We placed the masts right next to a
2 x 12 roof rafter, added shims there to tighten
this union and then securely bolted the pipe
to the rafter with a large steel U bolt. With the
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pipe fastened securely at its base and at ten feet
(leaving seven feet above the roof), we met the
Zomeworks installation requirement that half
of the mast be buried in concrete below grade.
I have witnessed wind gusts of over 55 miles
per hour make the arrays flutter from side to
side (buffered by the shock absorbers on the
trackers), but the same gusts do not move the
pipe masts at all.

We drilled a small weep hole at the very
bottom of the pipes to drain condensation and
prevent rusting from inside. The pipe masts
were grounded for lightning protection with
#4 bare copper wire at the base plates. The
ground wires were bonded together with a
split bolt connector to a common wire which
ended in an eight-foot driven ground rod
bonded to the main system ground.

The arrays were mounted on their trackers
in our garage and wired in series and parallel
for 24 volt operation. Module interconnec-
tions were made with #10 sunlight-resistant,
two-conductor Chester Cable terminated in a
junction box on each tracker. Once the arrays
were in place, we came out of each junction
box with #8 gauge Chester cable. We clamped
the cable to the tracker for strain relief and fed
it down through a hole tapped on the top of
the track rack’s pipe fitting. A weatherproof
connector was used here. Of course, a loop
of cable was used as slack before entering the
pipe, to be taken up during the tracker’s move-
ment over the course of the day. The cable was
then fished out of the pipe via another hole
tapped at ceiling height, and a Romex con-
nector was used here. The two cables were run
to the center of the room where a junction
box fed with #0 gauge copper cable awaited
them. The length of each #8 gauge cable is 26

feet. The length of the #0 gauge copper cable
run from the junction box, back through the
house, and down to the battery is 90 feet.

Battery Bank and Big House Loads

Our storage batteries at the Big House are
Trojan J-185 deep cycle, lead-acid types. We
use 14 of these 185 ampere-hour batteries
in a 24 volt configuration for a total of 1,295
ampere-hours (31 kilowatt-hours) of storage.
In our system they are an economical choice
because we normally do not cycle them be-
low 50% of capacity. The Big House receives
4.8 kilowatt-hours per day from the hydro
when the % inch nozzle is being used, and
eight kilowatt-hours per day with the % inch
nozzle. The hydro power is often switched off
at the Big House when the sun is shining, and
all the power goes to the Barn and the Cherry
House. The PV panels produced an average of
3.9 kilowatt-hours per day as measured dur-
ing March and April 0f 1990 by the T&H amp-
hour accumulator.

Voltage is controlled at all three of our bat-
tery banks by Enermaxer shunt regulators. I
chose the Enermaxer because all of our bat-
tery banks are charged by multiple sources.
The Cherry House is charged by PVs, hydro
and an engine/generator. The Big House is
also charged by these three sources, while the
Barn is charged by hydro and engine/genera-
tor. The Enermaxer is connected to the bat-
tery bank and to shunt loads. It doesn’t matter
what the charging sources are as long as the
current rating of the shunt loads are equiva-
lent to the highest possible amperage of all
charging sources combined at that particular
battery. The Enermaxer works well because it
smoothly tapers the voltage of the batteries to
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optimum float voltage (user adjustable to a
tenth of a volt).

We average about 4.8 kilowatt-hours per
day of power consumption in the Big House,
with six kilowatt-hours peak during a busy,
wintertime wash day. We are able to satisfy
our power requirements and keep our battery
bank quite full without using the generator
because of our hybrid PV/microhydro system.

The loads in the Big House (14 rooms plus
a full basement) are typical for a busy family of
five. Various lighting products (all DC) have
been used with good results including LEDs
for night lights. During our long winters, we
average around 140 ampere-hours or 3,360
watt-hours used on lighting per day. Other 24
VDC loads include a Sun Frost R-19 (19 cubic
foot refrigerator) and a Sun Frost F-10 (10 cu-
bic foot freezer). I recently recorded their in-
dividual power consumption on my portable
T&H amp-hour meter over a test: the R-19
used 23 ampere-hours (552 watt-hours) per
day. The F-10 used 28.65 ampere-hours (688
watt-hours) per day.

Our 120 VAC loads include a washing ma-
chine (350 watt-hours per use), a clothes dryer
(propane fired with electric motor — 150 watt-
hours per use), an automatic dishwasher (275
watt-hours per use), a stereo system, a 19 inch
color TV that uses 80 watts with the VCR (65
watts alone), the controls on the Essex boiler
(40 watts) and other appliances/tools. Our to-
tal average 120 VAC power consumption per
day has been running around 2.5 kilowatt-
hours per day.

The inverter we are using is the Trace 2024
with standby battery charger, turbo cooling
fan and remote digital metering. It is able to
handle the washer, dryer and dishwasher all
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Total System Costs
Wire, cables, conduit, fuses, breakers,

distribution panels, disconnects,

boxes, fans and all labor $22,400
Cherry House system including

generator, refrigerator, lighting,

all wiring and labor $5,600
Winco 12,500 watt generator setup ~ $4,500
Microhydro system includes

everything except building the

pond and turbine shed $4,377
Barn system — everything included  $3,700
Big House System Specifics
Tracked PV arrays — 24 @ Kyocera

J48 modules, 2 @ Zomeworks

trackers, installation etc. $9,500
Sun Frost R-19 refrigerator and

Sun Frost F-10 freezer $3,800
DC lighting — high efficiency

24 VDC fluorescent lighting $3,125
Battery bank — 14 @ Trojan J-185

lead-acid batteries $2,250
Trace 2024 inverter with battery charger,

turbo and remote metering $1,650
Controls and instrumentation $695
Grand total of all three systems

including interconnection $61,597
Note: All costs in US dollars

at the same time. We do the laundry during
the sunny days whenever possible because the
batteries are full by the afternoon and the En-
ermaxer would just be shunting off the power
surplus. A better use of the sun’s energy is
cleaning our 14 loads of laundry per week!
The Big House has more than satisfied our
goals for an energy efficient, comfortable and
versatile home for our family and my grow-
ing alternative energy business. It has helped
bring alternative energy into the mainstream

David Palumbo
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in our area. Our home power system is a
demonstration for those considering alterna-
tive energy as their power source. It is also an
example for bankers who are hesitant about
lending on non-grid-connected property. We
have been able to open some eyes and get a
few projects going that would otherwise have
never left the drawing board.

I wish to thank those contributors I have
already mentioned. Also all the fine people
who worked on the project, most notably Gary
Cole (Electrician), George Stone (Carpenter)
and David Vissering (Jack of All Trades)."

Editor’s Note: This article first appeared in
Home Power Issue #17 (June/July 1990) and is
reprinted with permission of the author.



A Visit to Hydro Oz

MALCOLM TERENCE

We drove down the winding, rutted moun-
tain road, like Dorothy and her companions
approaching Oz. We had left behind sunny
Santa Cruz, California, with its beach traffic
and tourists, and were creeping over the ridges
into a shady, steep canyon, thick with tall red-
woods.

We were approaching the home and work-
shop of inventor Don Harris, builder of the
tireless little hydroelectric plant I'd bought
more than 15 years earlier. The turbine had
worked — with only a little tinkering — ever
since, churning out more than 300 watts con-
tinuously at my home in Northern California.

It had delivered — let me do the math — 40
megawatt-hours and outlasted every appli-
ance or power tool I'd ever owned. But now
it was broken. Wed neglected a worn bearing
too long, and the same water power wed har-
nessed for years had started an oscillation that
chewed up several parts in a few noisy days
while we were away.

Hydro Breeder

Harris was standing in one of the few flat spots
outside his home when we arrived. “Up there’s
where most of the work gets done,” he said

Malcolm Terence
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with a nod, “and down there is the power plant
for all our electricity. This is really a breeder
facility —using hydro to build hydro.” He ex-
plained that nuclear promoters in the 1950s
said the United States could use reactors to

Harris’ workshop, perched on a steep hillside in the
Santa Cruz Mountains, is powered entirely by one
of his turbines. He has produced more than 3,000
turbines here.
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Don Harris holds a turbine on its side to show the
four-nozzle layout designed for sites with high flow.

make their own fuel and solve all our energy
and pollution problems at once. Somehow
Harris’ claim to breeder sustainability seems
less sinister than the nuclear industry’s.

Harris' turbine looks like a streamlined
bread machine at the end of a two-inch PVC
pipeline that snakes down out of the forest. An
alternator like one in a car was bolted snugly
onto its top. Hidden underneath was a small
bronze waterwheel with a fringe of double
cups, each the size of a tablespoon. It sat near
the edge of a tiny stream channel and looked
much like mine, but without the covering box
I'd built to protect mine from the elements. “I
leave it out in the weather and abuse it to see
how it does,” Harris said with a grin. “So far,
so good.”

Malcolm Terence

The Hydro Doctor Is In

We pulled out a sack of parts from my turbine,
and Harris pored over them like a patholo-
gist. He carefully counted and inspected the
cups on the small brass waterwheel, which is
the real center of the turbine. “Fifteen cups,’
he said. “You've had this for some time. I
switched to 17 cups to get a few percent bet-
ter efficiency” He led the way up to his shop,
past shelves stacked with shiny new housings
and other components, and into a small room
crowded with machine tools.

“I started back in 1981. Back then, I riveted
the cups on the wheels. I milled the cups one
at a time for the first 50 wheels. I remember I
got the idea from a book called Hydro Power
for Home Use. Nobody was building anything
for small creeks. Then we switched to castings,
where we build the wheels in wax and take
them to a foundry where they’re poured. First
we used aluminum. Your wheel is the first
kind we cast from bronze. Bronze was a little
more resistant to erosion, and there’s less elec-
trolysis between the metals of the wheel and
the alternator shaft.”

The wheels with their distinctive double
cups, Harris explained, were invented by Les-
ter Pelton to win a federal design contest in
1881. Another designer, Abner Doble, refined
the shape of the notch and the double elliptical
catches. One of Harris’ gifts is to say phrases
like “double elliptical catches” to people as
though they understand what that means.

Harris said that impulse turbines such
as Pelton wheels, as they are still called, and
Turgo wheels are much more tolerant of wear
from silt in the water. The silt has a more de-
structive effect on reaction-style turbines that
use propellers machined to very sensitive
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tolerances. Then he looked grimly at the ad-
vanced wear on my wheel. “It might still have
a few more years on it,” he said. Deftly he ran
a shaft through the center of my wheel as an
arbor and tested it for balance. With the drill
press he removed a little dimple of brass near
the center, tested again, drilled another place,
tested again and declared it fine for use.

Since he started, Harris has built more
than 3,000 of his turbines for small hydro op-
erations all over the west and as far away as
Appalachia. He started with automotive Delco
alternators, switching to Motorcraft alterna-
tors for big wattage gains. Recently, he began
using permanent magnet alternators for even
greater efficiency.

Head and Flow

Don Harris sells a range of hydro plants that go
from a 12 volt, single-nozzle model at around
US$1,000 to a four-nozzle, permanent magnet
model that sells for US$2,020. The variables
are the amount of water and the amount of
water pressure.

Pressure is a function of how far vertically
above the turbine water enters the pipe — what
hydro people call head. The diameter, type and
length of the pipeline also affect the pressure
that can be delivered to the wheel.

One of Harris’ turbines was operated at
1,000 feet of head at the Grand Canyon. It
doesn’t take very much water to generate some
electricity at that much pressure. The nozzle
was almost a pinhole (approximately 0.070
inches) to get 300 watts. When inquirers have
less than 25 feet of head, Harris often refers
them to Paul Cunningham of Energy Systems
and Design or Ron McLeod of Nautilus Tur-
bines because their machines are designed for

Malcolm Terence
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Top: This generation of Harris turbines used Motor-
craft alternators. He has since switched to perma-
nent magnet alternators for increased efficiency,
durability and reduced maintenance.

Bottom: Don Harris demonstrates the final truing of
a new bronze wheel on the machinist’s lathe in his
workshop.
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Bliss Kok, Harris’ co-worker, carefully assembles the
wax plug of a turbine wheel. The wax is cast in plas-
ter, then melted out, after which the plaster mold

is filled with bronze. A new wax pattern is used for
each wheel.

the higher flows needed to compensate for low
head.

Harris reeled off what he calls his basic law:

Potential output in watts equals head in
feet, multiplied by flow in gallons per min-
ute, divided by eight for a permanent mag-
net model or by ten for an alternator.

Inefhiciencies creep into the equation, he said,
but because hydro works 24 hours a day; its
output needs are lower than solar or wind
power to still achieve the same daily energy
generated. This is especially true at my home,
where the sun peeks over the ridge to the

south for barely two hours a day around win-
ter solstice.

Quite a few of Don’s systems operate with
relatively low flow, in the three to four gallons
per minute range. But with 300 feet of head, a
Harris wheel can still generate more than 100
watts (more than 2.4 kilowatt-hours per day)
at these low flow rates.

Positive Anarchy

Harris interrupted his explanation to exam-
ine the next broken part in my bag, a tube
that held the nozzle. A gaping hole was worn
in its side from the vibration. He shook his
head both at the level of wear and at the age
of my unit. “We don’t make them like that any
more. Let me build you one and convert you
to a hose fitting. It'll hold up better if you get
vibration again.

Harris pulled a part out of a box on the
floor and mounted it on an ancient machin-
ist’s lathe. He tugged the belt to overcome the
motor’s inductive load and start it in motion,
and 60 seconds later hed shaped the piece of a
PVC thread/slip adapter, designed for a whole
different purpose, into a near-perfect hose
nipple.

“Whered I put the hacksaw?” he asked
no one in particular and said, “It’s a little bit
of anarchy in here,” with a gesture across the
cluttered shop. To Harris, anarchy is probably
high praise, if not a great organizing principle
for a shop.

Don told a story about installing a system
in Nicaragua during the Contra War in an old
Somoza-regime hacienda that had been taken
over by peasants. When the American-backed
Contras blew up the main utility lines nearby
in 1987, the Harris system generated the only
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electricity in the region. Soon after, Ben Lin-
der, one of Harris’ American coworkers, was
assassinated by Contras. “The Contras were
terrorists backed by Reagan, and the conse-
quences of terrorism are borne by the com-
mon people,” he concluded.’

Vision
Harris said the switch to permanent magnet
alternators delivered higher wattage output
with the same flow and pressure input. On
the other hand, it has more awkward controls
than the Delco-type system used on my ma-
chine, which adjusts with the twist of a knob.
The permanent magnets require stopping the
turbine for each increment of adjustment.
While he put the finishing touches on the hose
fitting, Harris announced that he was work-
ing on a better permanent magnet system, one
that came to him in a vision.

Speaking over the hum of the lathe, Har-
ris told a long story that began, “Once I gave

five rupees to a beggar in Nepal...” and ended
several minutes later with “...on the way back
across Utah, I saw the Tibetan priest again
sprinkling out the dust.” It’s hard not to trust
a vision for an invention that began in Nepal
and ended in the Utah desert, so Harris has
dedicated months to constructing the next
generation of permanent magnet turbines,
machines that can be adjusted without being
shut oft. He pulled a prototype out of another
box of anarchy in the corner and started ex-
plaining to me about magnetic lines of flux, a
topic that made me long for the simplicity of
double elliptical catches.

Although his father was a physicist work-
ing in optics, Harris says he is mostly self-
taught, with a few harmless forays into South-
ern California colleges 40 years ago. “Most of
what I know about mechanics and fabrication
[ learned from building drag racers,” he said
as he buffed the hose fitting, removed it from
the lathe and threaded in a % inch nozzle. He

Don Harris’ Hydro System

Don’s penstock (water delivery pipe) is 1,300
feetlong, with three-inch PVCreducing to a pair
of two-inch lines. The head (vertical drop) is 161
feet,and he uses a %s inch nozzle delivering 21to
22 gallons per minute at peak flow. Don is using
a single nozzle for his permanent magnet alter-
nator, the first one of the current series, which
he built and installed two years ago. At peak
flow, the hydro plant produces 430 watts of 24
volt electricity. In the dry season, he has seen his
output fall to 80 watts. He uses a 200 foot run of
#4 copper wire to carry the output to a series
of 20, single-cell, nickel-iron batteries. Each is

1.2 volts and 270 amp-hours. Harris says they are
inefficient and guzzle replacement water, but
last forever and are environmentally benign.
Besides, he says, they are easier to pack than
an L-16 battery. For the workshop machinery,
a six-year-old Trace SW4024 inverter gives Don
AC. Battery voltage is controlled with a 20-year-
old Enermaxer regulator. His house nearby still
uses 12volt DC electricity, although he also uses
a DR series Trace 2512 to provide some AC. On
the roof of his workshop, he has installed a 900
watt photovoltaic array, but he hasn't needed
them enough yet to hook it up to his batteries.
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handed it to me with a length of special hose
and a replacement field adjustment rheostat.
Finally we had all the histories, repaired
parts and visions that we could manage, and
we bid Don a goodbye with an invitation to
visit our canyon further north in California
someday. | remembered in the end that Dor-

othy’s companions also got all they needed
when they visited the Wizard of Oz. I felt like

a modern day scarecrow. “Let’s see, I needed
a brain, a % inch nozzle and a new rheostat.
Now I'm set.”?

Editor’s Note: This article first appeared in
Home Power Issue #99 (February and March
2004) and is reprinted with permission of the
author.
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Historic Oregon Trading Post—
A Renewable Energy Model for the Public

JOHN BETHEA

The Rogue River Ranch, which is on the US
Register of Historical Places, is located in
southern Oregon on the beautiful, wild and
scenic Rogue River. The US Bureau of Land
Management (BLM) has managed the Ranch
since 1970. Having used propane-fueled gen-
erators at the Ranch from 1970 until the pres-
ent, the BLM saw an opportunity to get away
from all the fuel expenses, noise, pollution and
mechanical breakdowns. With the Ranch av-
eraging about 20,000 visitors a year, what an
opportunity to demonstrate renewable energy!

Learning About Hydro Power

In 1980 while living at and working full-time
restoring the Rogue River Ranch, I was rum-
maging through and trying to organize one
of the old buildings. A 1940’s era cast-iron, 12
inch Pelton wheel caught my eye. After doing
a lot of research and desperately wanting to
free myself of the hassles associated with oper-
ating propane generators (the Ranch is about
30 miles as the crow flies from the nearest
power lines) I rebuilt and hooked up the Pel-
ton wheel. We had a gravity-fed water system
with about 2,500 feet of two-inch poly pipe
creating a static pressure of about 60 pounds
per square inch.
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[ went to the local alternator shop and got a
Delco that they thought would work the best.
I put two 12 volt 8D batteries in parallel and
buried #4/0 USE aluminum cable for a run of
200 feet to the caretaker’s house. I wired the
house for a 12 VDC system which included
lights, TV and a small communications sys-
tem. All of the major appliances were propane.

The Pelton wheel had a 17 inch pulley
wheel on it, and I put a belt to the alternator
resulting in the alternator putting out about
five amperes. In the winter 1 could run the
wheel as much as needed, and in the sum-
mer about 25% of the time since the water was
needed for irrigation. That was plenty for me
at the time. I'd only have to run the propane
generator once in a rare while!

Learning about PV

and Inverter Systems

The Ranch had been restored and set up as
an interpretive cultural site for the history of
the entire area. In a year it sees about 20,000
visitors that can take a self-guided tour of the
buildings and enjoy the grounds and setting.
I no longer live full-time at the Ranch but
supervise the caretakers who live there from
May first to November first each year.
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Late in 1991, while visiting the current
caretakers Laura and Loren Rush at their win-
ter home in Baja California, I was very im-
pressed with some of the PV/inverter systems
their neighbors had. I felt that adding a PV/
inverter system to the 12 VDC hydro system at
the Ranch would not only fit in well but really
cut back on using the propane generator. Gen-
erator power demands had again increased
over the years.

Wanting to learn more, I spent a lot of
time at the library where I found lots of read-
ing material. I found the best help in Real
Goods’ Solar Living Source Book which con-
tains a lot of easy to understand information.
In 1991 when a decision was made to put the
money we had budgeted for a new generator
into upgrading the hydro system and add-
ing a PV/inverter system, the technical help
received from the Real Goods staft was very
comforting.

Hydro

We upgraded the hydro system by replac-
ing the alternator with a custom-made one
and reduced the pulley wheel on the Pel-
ton wheel from 17 inches to 15 inches which
gave a better power ratio. The water system
was upgraded by replacing all the piping and
getting more elevation on the intake. The
system now has about 200 feet of head start-
ing with about 800 feet of four-inch PVC
then 700 feet of three-inch PVC and finally
about 1,000 feet of two-inch PVC. There is a
1,500 gallon tank at the head. This resulted
in increasing the static pressure to about 85
pounds per square inch with about 65 gallons
per minute free flow. The hydro system now
produced about 14 amps at 12 VDC or about
170 watts.

Solar

We installed six Siemens M-55 modules on
a homemade frame and used an SCI 30 amp
controller. We installed four new Trojan L-16
batteries, a Trace 2512 inverter, an APT 400
amp disconnect and a TriMetric meter with
a 500 amp shunt. This system worked really
nicely. The problems were mainly that in a few
short years the demands for power had been
steadily increasing, and this was a fairly small
system. The Trace 2512, being a modified sine
wave, would occasionally burn out something
like cordless drill battery chargers! Also, the
old Pelton wheel wouldn’t work well in the fall
when available water volume dropped. In all
candor we had a few wiring and fuse instal-
lations that were less than what code calls for.

Opportunity to Get Educated

With the exception of helping put in a few
other small PV systems, my experience and
knowledge weren't really going anywhere. In
the summer of 1995, I jumped at the oppor-
tunity to attend the Advanced Photovoltaics
and Wind Power courses at Solar Energy In-
ternational in Carbondale, Colorado. The four
weeks I spent there confirmed a lot I had been
doing right and wrong.

Partnership

Seeing the need for a much larger renewable
energy system at the ranch, a proposal was
made for a new system, but there wasn’t much
hope of getting it funded. Then in September
1995, a memorandum with a survey attached
came across my desk. The Bureau of Land
Management (BLM) and the US Department
of Energy’s Sandia National Laboratories’ Pho-
tovoltaic Systems Assistance Center formed a
partnership titled Renew the Public Lands. The



Historic Oregon Trading Post— A Renewable Energy Model for the Public 73

purpose of this partnership is to expand the
use of photovoltaics and other renewable en-
ergy sources within the BLM.

Under the partnership, a comprehensive
survey of current BLM photovoltaic use and
acceptance was conducted. In addition to the
survey, new opportunities for the expanded
use of photovoltaics were identified, and sev-
eral pilot projects were developed. The Rogue
River Ranch was selected as one of the pilot
projects. The Medford District (BLM) agreed
to provide about 65% of the funding needed,
and Sandia National Laboratories provided
the rest. We agreed to use Sandia’s money only
for construction so it would not appear they
were pushing any particular product. Trent
Duncan, an engineer with the BLM Utah State
Office, and Hal Post with Sandia National
Laboratories oversaw more than 30 projects
completed in 1996 on BLM lands nationwide.

Coming up with the Bureau of Land Man-
agement’s Medford District share of the cost
was a problem. This was solved by doing a
major trail maintenance and construction
project with volunteer help instead of con-
tracting the project out as was budgeted. This
provided enough savings to fund the project.
I'd like to thank the Roaring Rogue District of
the Boy Scouts of America and veterans from
the White City Domiciliary for their help!
They not only helped with getting the trail
work done but with the Renewable Energy
Project as well.

Putting It All Together

The first step was to come up with a design for
the system, not easy when you haven't done
a lot of this before. After completing a basic
design I took the liberty of asking a lot of ques-
tions from a lot of people. The technicians at

Applied Power Corporation in Lacey, Wash-
ington, where I bought a lot of the components
were very helpful and knowledgeable. Don
Harris, whose Pelton wheel we used, was very
friendly and helpful. I even bugged Richard
Perez at Home Power a couple of times. The
technicians at Ananda Power Technologies
fielded most of my calls, and I cant say enough
about their willingness to help and advise.

Getting Started

It was early this winter when actual construc-
tion started. Jason Miniken who works for the
Medford District BLM and myself worked on
the project as often as time and weather per-
mitted. We built an 18 by 9 foot control build-
ing to house the two hydro units, most of the
electrical and electronics and the two separate
battery banks. We built two completely differ-
ent systems side by side in the same building.

First system — 12 volt DC

Most the components that we had in the exist-
ing 12 VD C system were taken down and used
in a redesigned system. However, the Trace
2512 inverter was taken out of the system. We
installed proper fused disconnects, new wir-
ing, two 12 VDC distribution centers, a 300
watt Ananda TDR (Tapering Diversion Regu-
lator) for the old Pelton wheel, a low voltage
disconnect, a new pole-top mount for the Sie-
mens M-55 modules and a remote meter. We
cleaned up and reused the four existing Trojan
L-16 batteries.

Second system — 24 volt DC

This system has 12 Trojan L-16 batteries. There
are two sub-arrays, each with six Solarex
MSX-83 modules. A two-nozzle Harris Hydro
unit was installed. Only one hydro unit, the
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The Rogue River Ranch 12 Volt System
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The Rogue River Ranch 24 Volt System

300 Watt Wind Generator
Southwest Wind Power, Air 303
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Harris or the old cast-iron Pelton wheel that’s
in the 12 VDC system, can be run at a time as
they use the same water source. The Harris is
producing about 25 amps at 24 VDC, or about
600 watts. The wind turbine is an Air 303 that
we put on a 27 foot tower beside the control
building. Admittedly it'’s not the best wind site
and the tower isn’t very high, but we wanted to
demonstrate wind power. We were concerned
about safety and aesthetics of a higher tower.
The Air 303 puts out one to two amps a few
hours a day. We haven't really had much wind
yet, but we expect wintertime to produce bet-
ter results. A 1,200 watt APT-TDR is used to
regulate the Harris Hydro and Air 303. An
APT 5-444 Powercenter was installed and a
Trace 4024 sine wave inverter powers all the
AC needs of the Ranch. Two Sun Frost RF-16
refrigerators are run off of the 24 VDC bat-
tery bank. A 35 amp low battery cut-out in the
power center protects the batteries from the
Sun Frost loads. That’s also a very good incen-
tive for the caretakers to keep the batteries at
their proper charge level!

Other than fine tuning, we finished the
project the first week of July, 1996. The new
system has only been up and running a short
time, but so far it’s doing nicely.

Why Have the 12 Volt DC System?

Most of the 12 VDC wiring and light fixtures
were already in. We did replace some of it,
and the distribution centers were brought up
to code. There are a lot of 12 VDC loads and
some, like the communications center, are on
24 hours every day. It was felt it would be a
lot more efficient not to have the inverter on
constantly. The same reasoning was applied to
having the Sun Frost refrigerators at 24 VDC

vs 120 VAC. Plus, what if the inverter broke
down? There is also a completely separate
lighting system with the 12 VD C that was kept
from the old system. The 12 VDC lighting is
used the most and takes a lot of pressure off
the 24 VDC system by not going through the
inverter. There are small 12 VDC lights above
the beds to read at night. It wouldn't be very
efficient to have to have an inverter on just to
power them. If most the wiring and fixtures
for the 12 VDC system weren't already in I'd
probably not put one in again, but I'm sure
glad it’s there!

What the Two Systems are Powering

Power is supplied to most of the buildings at
the ranch. The caretaker’s house, the main
house, crew quarters and shop have most of
the loads. The communications system, fuel
tank pump and irrigation system are all pow-
ered by the renewable energy system. I esti-
mate that the appliances powered by the 12
volt system consume about 850 watt-hours per
day. The energy consumption for the larger 24
volt system is about 6,300 watt-hours per day.

The ranch’s extensive irrigation system op-
erates every other hour for a total of 12 hours
per day. This system is powered by 12 VDC
and 24 VAC (via the inverter) and consumes
about 96 watt-hours daily. A Photocomm
SIPS controller, a Hardie Irrigation TC-2400
controller and eleven Weathermatic 8000 CR
solenoid-operated valves are used in this irri-
gation system.

There is a large three phase 240 VAC pro-
pane generator to operate a centrifugal pump
in case of extreme firefighting needs and a
smaller 4,000 watt propane generator as a
domestic backup. My guess is the propane
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Other BLM Renewable Energy Projects

The BLM administers what’s left of the US once
vast land holding that has not been passed on
to other individuals, industries, states or fed-
eral agencies. This amounts to over 272 million
acres. It also manages mineral estate under an
additional 300 million acres that are owned or
administered by other agencies or private in-
terests.

PV has been used for many years at the re-
mote BLM facilities, but it wasn’t until April 1995
that the Renew the Public Lands partnership
was forged with Sandia National Laboratories’
Photovoltaics Systems Assistance Centrer. The
goals were to survey existing PV uses, identify
barriers to expanded use and identify potential
new opportunities within the BLM. Partnership
cost share funds were made available for pilot
projects that would expand BLM'’s familiarity
and experience with PV technology. Here’s a list
of projects in addition to the Rogue River Ranch
Project:

- Sand Wash Ranger Station, on the Green
River, Desolation Canyon, Utah: Electrify
residence and 12VDC communications at
the contact station. 1.4 kilowatt array, 3,600
amp-hour battery, 1,500 watt inverter and
propane backup generator.

« Ward Jarman'’s South Camp Cabin, Book
Cliffs, Utah: Electrify remote administrative
site. 330 watt array, 530 amp-hour battery,
1,500 watt inverter and propane backup
generator.

« Kane Gulch Visitor Contact Station, Cedar
Mesa in San Juan County, Utah: Electrify
visitor station. 1.4 kilowatt tracking array,
3,600 amp-hour battery, four kilowatt sine
wave inverter, propane backup generator.

Batteries are in an underground concrete
vault to help reduce performance impact
from extreme temperatures.

- Hickison Petroglyphs, near Austin Texas:
Provide drinking water from existing well
to visitors. System to inclue a PV powered
pump, no specs available.

« Burro Creek Campground, near Kingman
Arizona: Light restrooms and pump water
with PV, provide electricity for camp-
ground host with portable PV system. No
specs available.

» Hobo Camp, Westwood, California (near
Susanville): Portable PV system for host
camp. 380 watt array, 480 amp-hour bat-
tery, 800 watt inverter, all on a trailer.

- Mine Shaft Spring Butte District, Montana
PV: Power pumps water from mine shaft to
storage tank and stock troughs. No specs
available.

- Portable PV systems, 13 scattered through
Arizona, California, Colorado, New Mexico,
Oregon and Utah. One kilowatt-hour per
day for basic AC electrical needs. No fur-
ther specs available.

- Powder River Basin, Casper District,
Wyoming: Early warning system for pos-
sible adverse effects of coalbed methane

production, data logging at seven stations.
Small PV systems, no other specs available.

Nine more stations planned.

- Cottonwood Creek, Natrona County,
Wyoming: Watershed monitoring of graz-
ing impacts, powering data loggers and
radiotelemetry. Eight small PV systems, no
specs available.
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Rogue River Ranch RE System Upgrade Cost
12-Solarex MSX-83 PV modules $5,412  1-TriMetric meter $122
2-5un Frost RF-12 refrigerators/ 1-60A two-pole fused disconnect
freezers $4,306 12 volts $120
1-Trace SW4024 inverter $2,331 13 -Battery cables $104
Cable and wire $2,179  2-Trace BC10 inverter cables $101
12-Trojan L-16 batteries $2,091  2-15amp breakers & boxes at Sun Frosts  $90
1-Power shed construction $2,000 2-30amp two-pole fused disconnects $75
Conduit, connectors, hardware $1,500 1-Vista 3 meter $74
1-Ananda Power Center $1,178  1-LBCO35 35 amp low voltage
1—Harris Hydro $1,000 disconnect $74
27 —Miscellaneous low voltage lights $542  2-LA100V lightning arrestors $70
1-Air 303 wind generator $441  2-Trace BC5 Inverter Cables $60
1-APT -TDR1224A regulator $431  1-Combiner box 2@#4 to 2@#4/0 $60
2-Pole mounts for MSX-83 PV modules  $400  1-Conduit box for SW4024 inverter $53
1-APT-TDR312A regulator 12 volt hydro  $236  1-APT-ACS AC section for APT P/C $52
16-15 amp DC circuit breakers $225 2-LB15 15 amp breakers - Sun Frosts P/C  $44
1 -Pole mount for M55 PV modules $217  1-RMBT remote meter terminal block $34
1-APT-DCLC60 60 amp disconnect 1-1B60 60 amp breaker for hydro/wind $27
12 volts $211  1-ACB60 60 amp breaker for AC loads $27
1-Alternator for 12 VDC hydro $200 1-BCT-10 battery temp sensor $22
3 -Combiner boxes for subarrays $180  1-A60P-30 amp input breaker $21
2-12VDC distribution boxes $180  Total $26,788
6 — Polaris IT250 connector blocks $168  Note: All costs in US dollars
1-Vista 3-SH meter with 2 shunts $130

generators will only be run every once in a
while just to keep them lubricated. Just what
['ve been wanting all along!

Comments from Laura and Loren Rush

This is our fourth year as volunteers at the
Ranch. Our new renewable power system
has greatly improved our comfort and abil-
ity to enjoy some of the creature comforts we
couldn’t have before. One of the great enjoy-
ments is the ability to run our fans for cooling
during the hot summers. The new Sun Frost
refrigerators allow us to keep vegetables for

at least a week longer. We only shop once a
month so this is a great benefit to us. It is great
not to have to run noisy generators or worry
about consuming fuel, constant maintenance
and repair. We are using appliances including
the automatic washer as if we lived in the city.
It’s a great boon to isolated country dwellers.”

Editor’s Note: This article first appeared in
Home Power Issue #55 (October—-November
1996) and is reprinted with permission of the
author.

John Bethea



WO A

‘ .

¥
o ' 3
¥ 10 -

a
* .,
.
7 N L

A Working Microhydro
at Journey’s End Forest Ranch

HARRY O. RAKFELDT

We make our own electricity with a micro-
hydro power system. When we were look-
ing for our acreage, our list of requirements
contained self-sufficiency. Surface water was
a prime ingredient on our list. And we found
it. The project to design and install our micro-
hydro power system spanned four years. Our
goal: to live in a normal electrical way, without
any commercial power.

Setting the Scene

Our homesite, at 4,300 feet elevation, is lo-
cated on a corner of a half-mile-wide, 80 acre,
steep mountain property. We are located about
one mile from commercial electricity. One of
the two year-round creeks (really a stream)
enters our property at the NE corner from the
BLM (US Bureau of Land Management) land
behind us and flows SSW across our land for
about 1,800 feet. From top to bottom there is a
total head of 300 feet. The creek’s average sea-
sonal flow varies between about 34 to 50 gal-
lons per minute. But during heavy rains and
snow melt, flow will go well above 100 gallons
per minute. For practical hydro purposes, it is
a low flow, high head site.

79

Our Considerations

« We like our creature comforts. We wanted
our new home to be in all appearances the
same as Dick and Jane’s in the city.
Because our maximum output would be
low this meant a mixture of electric and
propane appliances to reduce electrical
needs.

Our stream flow is heavier in the winter
when needed the most.

To produce a respectable output, the
turbine would have to be located at some
distance from the homesite. Thus, line
loss from transmission of low voltage
would be a factor.

Output from the turbine would not meet
peak consumption (maximum amount of
electrical energy needed at any one time).
To meet peak consumption, a battery
bank and inverter would be required.

The system should meet our need for total
consumption (the number of kilowatt-
hours used in a given period of time, most
commonly kilowatt-hours per month).
And money... How much would a system
cost? What compromises did we have
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to make? There wasn't going to be any
money for a second shot if the first try
didn’t score — we were going to build a
home at the same time. And this made me
nervous.

« To make a major decision such as this
about which I only had “book” expo-
sure put me on the spot with my wife
and the few others who knew what was
being attempted. With respect to this
hydro thing, I felt something like a para-
phrased Truman quote, “The flow stops
here.”

Research and Design

During the four years until our house was
built, I had a number of opportunities to ob-
serve the creek. Flow was measured a number
of times. On this small creek, measuring was
simple — build a small dam and time the over-
flow into a five-gallon bucket.

[ measured potential head to three differ-
ent turbine sites on the creek, three times each
with two different sighting levels. Starting at
the lowest point considered as a potential tur-
bine site, I worked up to the proposed intake
site, recording along the way the number of
times I sighted through the level and then
climbed to that point to sight again. The total
figure was multiplied by the five-foot-six-inch
distance from the ground to my eye level to
arrive at the total head. Using this method, the
final spot decided on for the turbine measured
out at 103.5 feet of head. And the site selected
offered a fairly straight line for the majority
of the penstock’s length from intake to tur-
bine and generally followed the creek’s SSW
direction.

In reading material related to hydro, I

came across a number of potential suppliers
of hydro equipment and systems. I made con-
tact with one of these firms because the sys-
tem seemed reasonable in price, was small but
looked well made and offered site-selected
options. I discussed with Ross Burkhardt of
Burkhardt Turbines the variables — flow and
head. Ross and his partner John Takes did
much to help me select a system. Ross has a
computer program which predicts outputs on
the systems he sells. We plugged in my vari-
ables and came up with a set of predictions
for a 12 volt system. Then as we fine tuned the
variables (different flows and different heads),
the 24 volt system evolved. What followed at
a rapid pace were decisions on an inverter (to
match the 24 volt output), batteries, transmis-
sion cable and other related supplies. The size
of the penstock — three-inch PVC pipe — had
already been a factor in the discussions with
Ross and used in his computer predictions.
This size presented a compromise between
head loss due to friction over such a long
distance — 740 feet—and a nominal size for
later expansion if I wanted to extend the pen-
stock further downhill for increased output. I
planned for and incorporated this option into
the way I laid out the penstock.

The System

Our hydro power system consists of an
impulse-driven alternator that produces di-
rect current (DC) to maintain a battery bank.
Twenty-four volts DC is changed by an in-
verter to 117 volt alternating current (AC) that
is passed into the home’s electrical circuits
through the distribution panel.

For the power plant, a Harris turbine sys-
tem was bought from Burkhardt Turbines.
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It is a vertical axis, 24 volt DC Pelton wheel
generating setup. A 37 amp Delco alternator
modified for 24 volt output is mounted on
an aluminum housing and is direct-coupled
through the housing to a silicon bronze Pel-
ton wheel. My setup has two jets (one to four
jets can be ordered, depending on your water
flow —a site-designed option). These jets hold
Rainbird™ nozzles which are available in a
number of different-sized openings. My sys-
tem also included a Photron voltage regulator,
a 500 watt, 24 volt water heating element, a
rheostat control to adjust power output at the
turbine, a heat sink mounted diode (to control
voltage flow direction), a panel with dual me-
ters (volts and amps), an extra alternator and
detailed instructions.

The battery bank is made up of eight Tro-
jan J-250, six-volt, 250 ampere-hour units.
These batteries are true deep cycle — listed by
Trojan as “Motive Power-Deep Cycle.” The
batteries are wired in a series of four to de-
velop 24 volts and then paralleled to double
their ampere-hour capacity for a total of 500
amp-hours storage.

A model HF24-2500SXW inverter from
Heart Interface changes the 24 volt DC from
the batteries to 117 volt AC for use in the home.
This inverter is wired directly into the home’s
electrical panel. The inverter was selected
for its high surge capacity —needed for our
induction motors: water pump, refrigerator
and washer —and a built-in 40 amp battery
charger. When connected to an AC generator,
the inverter operates as an automatic battery
charger while transferring all the loads to the
incoming AC power. We keep a 4,000 watt AC
gas generator on standby, and we have to use it
once in a while.

Getting It Together

The hardest part of putting the system to-
gether was the penstock. Not that it was tech-
nically difficult, but labor and time intensive.
It starts above ground from the intake barrel
alongside the creek. About 40 feet later it en-
ters the ground, a very rocky area that proved
somewhat slow and difficult to dig with the
backhoe. Shortly after this point, it takes a 45°
turn to the right (through an elbow) and con-
tinues for some distance underground before
exiting to cross above a spring’s streambed.
On the other side of the streambed, it goes
deep underground, up to six feet at one loca-
tion, to maintain grade and follows a straight
course for several hundred feet. Then it takes
a rapid drop down a 30% grade before relax-
ing its descent. About 60 feet later it makes a
90° turn to the left through two 45° elbows
spaced four feet apart to reduce the sharp
transition. The 90° turning point here is in-
tentional. It allows the option to continue the
penstock downhill at a later date, giving more
head for increased power at a new turbine site.
The 90° turn would be eliminated to allow the
penstock to continue in a straight line to the
new site.

After this turn, the penstock exits the
ground again and plunges down an embank-
ment 40 feet toward the creek. At the bottom
of the embankment, there’s another 45° elbow
to level out the penstock before it enters the
powerhouse.

Digging the trench took a day and a half
in itself. Then the PVC pipe was placed above
the trench on crossboards and carefully ce-
mented together and left to dry for a full day
before it was gently lowered into the trench
and covered.
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A barrel on the penstock keeps the system free of
silt and dirt.

At the intake end of the penstock is a 55
gallon polyethylene drum. It is connected to
the small dam via a four-inch drainpipe. This
barrel is used as the intake because it:

o filters the debris not trapped behind the

dam.

« prevents turbulent water from entering
the penstock.
allows the sediment to settle out.
can be located as needed with respect to
the dam and penstock.
is easy to work with.
will last for a very long time.

When I put the connections together, I ar-
ranged the air vent and gate valve assembly

Harry Rakfeldt

so that it could be removed from the barrel
and penstock easily. At the barrel the PVC
pipe is threaded into the barrel, and a collar is
threaded onto the coupling inside the barrel.
The short section of pipe on front of the air
vent is only slip-fitted into the penstock. Be-
cause I only have a low flow stream to work
with, building a small dam was straightfor-
ward. The end of the drainpipe that extends
into the dammed water is also protected with a
trash collector made of screening. At the other
end of the penstock is the simple powerhouse.

The powerhouse sits directly over the
streambed on railroad ties. There is easy ac-
cess to the turbine components via a remov-
able roof. It’s here I really got a chance to be
creative; I even used a kitchen sink! It makes
a great base to mount the turbine, permitting
much easier access to the Pelton wheel and
pipe connections. Laying the transmission
cable wasn't difficult but required some engi-
neering. The terrain from the homesite to the
powerhouse falls steeply downhill. The cable
was buried from the house to within 45 feet
of the powerhouse in a channel dug with the
backhoe. The aluminum cable I chose for the
transmission line between the powerhouse
and homesite is very large—#4/0 (% inch
diameter plus insulation). It came on a 1,000
foot spool and was heavy.

I placed a long pipe through the cable
spool and lifted this combination onto the
back of my pickup truck with the backhoe.
The pipe rested on the top of the pickup bed
sides and was prevented from rolling off. The
truck was parked alongside the house, facing
uphill. I then grabbed the end of the cable and
walked it downhill, unrolling the cable easily
from the elevated spool. When I retraced my
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steps from the powerhouse back to the home-
site, I sprayed this section of the cable every
10-15 feet with red spray paint to denote this
leg as the positive side of the line. At the truckI
cut the cable and then unrolled the second leg
of the pair. The length of each leg is 451 feet.

The final step was to install the compo-
nents at the homesite. We had planned for
the equipment by having our building pad cut
into a stepped pad with a bulldozer. This re-
sulted in a generous 54 inch crawl space across
the front half of the home where the inverter,
control panel and batteries are kept.

Because of the good instructions, the
components went in “by the numbers.” One of
the items connected was the 500 watt water-
heating element. It serves to use the excess
output from the turbine. Excess is the electric-
ity not needed when the battery bank is fully
charged. The voltage regulator senses the state
of charge on the batteries and when the bat-
teries are full, it diverts the continuously in-
coming power from the turbine to a dump. In
this case, the dump is a water heating element
immersed in a five-gallon bucket filled with
water. An air heating element could be substi-
tuted for the water heating element.

I didn’t think I would have a great deal
of excess power to dump, so I chose the five-
gallon bucket initially. While I was getting a
feel for the way the system performed, I could
always go to a larger container of water to hold
the heating element. I'm still using the five-
gallon bucket.

It's a Turn On

Finally. After many hours of research, long
hours of planning and double and triple-
checked installation, the day came to try

Harry Rakfeldt
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Top: The Harris turbine at home in the kitchen
sink. Note the loading control for the alternator on
the left and the valve to shut off the water to the
second jet.

Bottom: The underside of the turbine and sink
shows the turbine’s cups.
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Block Diagram of the Microhydro System

HARRIS HYDRO TURBINE
240 Watts Output from:
Head: 103 Ft « Flow: 32 GPM

GENERATOR
120/240 vac

BATTERY PACK
8 @ Trojan J-250
500 Amp-Hrs at 24 VDC

INVERTER &
BATTERY CHARGER
Heart 2.5 kW.

REC
REGULATOR

120 vac
KWH METER

"DUMP" SHUNT LOAD
dummy load for
the regulator

120 vac
ALL HOUSE
LOADS

out the system. The gate valve at the power-
house was closed. At the intake site, I opened
the gate valve to let water into the penstock.
It took some minutes to fill and let air inside
work its way out through the opened air vent.
Then back to the powerhouse. There I slowly
opened the gate valve and after some hissing
and belching, the water began to flow steadily.
As I continued opening the valve the turbine
picked up speed and then suddenly dropped
off slightly —but at the same instant the amp
meter began to climb! I continued to open the
gate valve and brought the system up to full
output. It's working, it'’s working!

And for me it was a special thrill to know
I had just crossed into the world of renewable
energy — from and because of my resources!

That was early October 1985. Except for a
period in November 1986, when I purposely
shut down the system to have a modification

Home Power
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made to our inverter by Heart Interface, our
microhydro power system has been running
continuously.

Our Normal Home

It's a modified saltbox design that originally
appeared as a cabin style post-and-beam plan
in Home magazine. It's now a passive home
with 1,435 square feet, six-inch walls, required
insulation, two baths, two bedrooms, wood-
stove heat and nine-foot-high thermal mass
(brick) in the woodstove alcove.

Propane is used for the range/oven, hot
water heater and clothes dryer. One hundred
and seventeen volt single phase electricity is
used for an 18 cubic foot, self-defrosting re-
frigerator (4.3 amps); ¥ horsepower jet pump
on the water pressure system (8.3 amps);
clothes washer (9.6 amps); 500 watt ignitor on
the dryer; ignitors on the range/oven and elec-
tric motor to turn the dryer. We also have or
use AM/FM stereo, AM/FM portable radio, 19
inch color TV, VCR, typewriter, desktop cal-
culator, 1,200 watt hair dryer, small TT com-
puter, vacuum cleaner (3.2 amps), electric
broom, Dremel hand tool, electric stapler, 500
watt slide projector, electronic flash unit, small
black and white TV (tube type), electric mixer,
four-cup coffee maker, 30 cup coftee pot, elec-
tric griddle, blender, waffle iron, hand iron,
electric knife, % inch electric drill, tape deck,
Skil saw (10 amps), ceiling fan, electric clock,
battery charger (portable), range hood, sol-
dering gun, our special radio phone, electric
meter and lights.

For lights we have fixtures in the dining
room (300 watts), downstairs bath (240 watts)
and a 480 watt guzzler in the master bath. Our
light inventory is rounded out with: two two-
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tube, four-foot fluorescents; one two-tube,
two-foot fluorescent, a PL-type (small twin
tube) fluorescent (nine watts + ballast) and
various single lamp, varied wattage incandes-
cents.

The Need to Estimate

When I was researching a system design, I
kept coming across the statement that in or-
der to develop a properly-sized system, I had
to estimate my projected usage. Now, for those
of us who are coming from a just-throw-the-
switch type of public power environment, to
estimate our usage is difficult at best. Just how
much does a refrigerator run in a 24 hour pe-
riod? How long do I use lights while shaving
on a winter’s morn? How long...And the list
goes on and on.

But now I can give you some real help...
because I kept track of actual electrical us-
age and patterns of usage with a commer-
cial kilowatt-hour power meter wired to the
home’s main panel. But before we look at what
has been used, let’s look at what I had to work
with. Total head is 103.5 feet, and dynamic wa-
ter pressure at the powerhouse is 46 pounds
per square inch.

In the summer, I use one % inch diameter
nozzle in the turbine. This nozzle runs about 32
gallons of water through the turbine per min-
ute. This results in nine amperes at 24 VDC
or 216 watts turbine output. This amounts to
about 5.1 kilowatt-hours of electricity pro-
duced daily. In the winter, increased stream
flow allows me to use two nozzles %s inch
in diameter. These nozzles run about 45 gal-
lons per minute of water through the turbine.
This ups the turbine’s output to 12 amperes at
24 VDC or about 6.9 kilowatt-hours daily.

85

The interior of the homestead, looking south into
the Siskiyous.

In the 916 days that the system has been
running, we have consumed an average of
4.32 kilowatt-hours per day as measured by
the kilowatt-hour meter. The system produces
a daily average of about 5.0 kilowatt-hours
of usable electricity once inefficiencies in the
batteries, inverter, power transmission and
other factors are considered. The main thing
to be noted is that there isn't a whole lot of
leeway. There isn't much excess electricity to
worry about.

Even though our turbine output in the
summer is lower, so is our average daily con-
sumption. We're not using lights as much, may
not be watching TV or using the VCR as often
and clothes can now be hung on the line to
dry rather than tumbled in the dryer. These all
help to cut a little off our usage.

In the wintertime, or any time for that
matter, we have formed the habit of not leav-
ing lights on indiscriminately. When we leave
a room, off go the lights. But we don't walk
around in a blackout either. We just watch
our consumption through closer attention to

Harryl Rakfeldt
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usage. We improved over the first months after
moving into the house. And now I think we
have ourselves trained.

An area that we must watch is how much
load we put on the inverter at one time. When
you compute the watts used by the washer,
water pump and refrigerator (117 volts times
amps equals watts), the total exceeds the rated
output of the inverter (inverter equals 2,500
watts; combined usage of items equals 2,597
watts). When using the washer and water
pump, we could turn off the refrigerator. But
we don't have to. The inverter surge capacity,
so far, covers us when all three of the items
happen to be on at the same time. So we do our
washing during the daytime when lights aren’t
needed. And we only use the dryer after the
washing is done. The surge capacity of our in-
verter permits it to operate for a period of time
even though the normally-rated load has been
exceeded. The length of time that the inverter
will continue to operate is directly related to
the amount the load exceeds rating. This may

The batteries, inverter, regulator and dummy load
are all housed in the crawl space under the house.

Harry Rakfeldt

be minutes to only several seconds. The surge
capacity for us was a must—and well worth
the few extra dollars.

Standby Power

Yes, we've had to use our gas generator
backup. Especially when we have guests who
aren't trained like we are. Lights left on in the
bathrooms; hair dryers going much more of-
ten; more flushing of the toilets (our captive
air tank has a 36 gallon capacity but reaches
its automatic turn on when 11 gallons have
been used) —just plain more use in a short
time frame. Fortunately, our guest stays have
not been too long — but they are noticed with
respect to the system.

When our system reaches its low point of
21.9 volts in the batteries, it self-shuts down to
prevent damage to the batteries. Even a few
minutes wait will sometimes bring the batter-
ies back to a safe limit, and the inverter can
be reset without resorting to the AC genera-
tor. But if the load on the system at the time it
shut down is high, I usually choose to start the
AC generator and run it for a while to boost
the batteries enough to meet the need. As our
desire to use more power increases, our next
move will be to increase our microhydro’s out-
put. The efficiency of my system —as it oper-
ates today — ranges from 30% to 38%. Not very
good. But I knew this in advance because the
Delco alternator doesn't reach its efficiency in
the 24 volt output until it is used at a much
higher head. Because of my low stream flow,
[ have only one way to go —increase head for
more output.

[ planned for a future increase in head with
the manner in which the penstock was in-
stalled. I've replaced the first voltage regulator
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with one much more powerful. The Photron
regulator that came with the system had only
a 15 amp capacity. The new regulator has a 40
amp capacity, and the float voltage level can
be user-adjusted. This new regulator is made
by Renewable Energy Controls, owned by
Ross Burkhardt. Ross sold out his interest in

Burkhardt Turbines to his former partner,
John Takes.

What It All Cost

The total cost of the system has been
US$5,421.37 to date. The microhydro has been
operational for 916 days and during that pe-

riod has generated 4,671 kilowatt-hours of
electricity. At this point in time, this calculates
to an electricity cost of US$1.16 per kilowatt-
hour. Over the ten year expected lifetime of
this system, the electricity should cost about
US$0.29 per kilowatt-hour.

Now, consider that the local commercial
utility (PP&L) wanted US$5.35 per foot to
install one mile of line to our homesite. This
amounts to over US$28,000 for the privilege
of paying a monthly power bill. The money
weve spent on our microhydro system is less
than 20% of what the power company wanted
just to hook us up!

Some Comments on Components

PVC Pipe — Easiest to use for the penstock. It has
avery low head loss due to friction. Take time to
cement the sections together—and to let the
cementdry properly. Originally, | tried a 90° PVC
curved elbow used in electrical conduit. It didn’t
mate properly and blew off quite easily when
the system was turned on. Had to shut down for
a day to repair with the two 45° elbows.

Batteries —The J-250’s I'm using don't al-
low too much storage capacity in my situation.
The next sized battery, the L-16, has 40% more
storage capacity. As | expand my system and it
becomes time for me to replace my present bat-
tery bank, | plan to upgrade to the Trojan L-16W.

Inverter — For those who haven't used one
before, there is some adjustment necessary. For
the most part, forget using the AM portion of
your AC-powered radio. The hum from the lines
overshadows all but the strongest stations.
Stereo and video equipment may also hum de-
pending on make and type.

Battery cables—Have all connections sol-
dered. My cables came unsoldered. For a while
they worked fine. Then deep into the first winter
| begin noticing lights blinking especially when
a large appliance was on. The blinking disap-
peared after the cables were soldered.

Voltage regulator—This is an essential
piece of equipment in a microhydro system. It
will sense the correct voltage level needed to
properly bring your batteries up to charge and
then maintain them there. Without a regulator
you'd have to personally monitor the system
and then either shut off the turbine when the
batteries are full or flip a switch to shunt off the
excess electrical output not needed for the fully
charged batteries.

Faith— Place faith in a reputable dealer.
Dealers have feedback from all sorts of instal-
lations. They continue to stay in business by
knowing what is happening.
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System Costs

14.89%

18.17%

9.48%
3.60%
11.62%
42.24%
B Pipe&Fittings [ Batteries
B Cables &Fittings I Inverter
Regulator O Microhydro Turbine

Closing Thoughts

First: We feel like a normal household. Noth-
ing has drastically changed in the way we live.
Second: Although the list of electrical
items mentioned earlier sounds impressive,
we don’t use many of these at any given time
or the larger ones for any length of time.
Third: For the two of us, we have what
we need. We can curl up in front of the VCR
for a double feature, fill our 80 gallon bath-
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tub (meaning, that every 11 gallons the water
pump comes on) and other things without the
system shutting down. We are careful but not
fanatical about our usage.

Fourth: We made some adjustments that
are now habits.

Fifth: It's not perfect. The system does
work well. And so can yours. Do research,
consult with distributors and have faith that
you can do it too!

Editor’s note: This article first appeared in
Home Power Issue #6 (August/September
1988) and is reprinted with permission of the
author. The original editors wrote:

When we visited Harry Rakfeldt to take
the photos you see here, he had just fin-
ished moving his powerhouse some 50 feet
lower than described in his article. While
this change is too new to give much data
yet, turbine performance has increased.
The dynamic pressure at the powerhouse
is now 76 pounds per square inch. The tur-
bine’s output has increased some 50% with
no increase in water consumption. Harry
is now considering a big-time electric hot
water heater to use his additional energy.



\ |
\ " (N
.\" o | 1 14
B ¥ Vi A
- A
v :
= .
X B -
7 -
45 I
3 A N l\‘-
4 A
ey DY
|

Living With Lil Otto or
Microhydro in Seasonally Wet Climates

HUGH SPENCER

We recently purchased a Lil Otto microhydro
system from Bob-O Schultze (Electron Con-
nection) in northern California to provide us
with auxiliary power during the wet season. It
is probably the only Lil Otto in Australia!

Why Microhydro?
We operate a research station in the coastal
tropical rainforest of far north Queensland

Home Power
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(in the Daintree region). Here we have no
grid power and a monsoon-driven wet season
which lasts from January to May, when the sky
can be continually grey and the rain comes
down in buckets (average rainfall is 163 inches,
118 inches of which falls during the wet).

Our home doubles as an eating area and
office for the Cape Tribulation Tropical Re-
search Station, operated by the Australian
Tropical Research Foundation. Behind it is
a 100 foot high gully with a stream that only
flows during the wet. At the top is a small per-
manent spring which provides our drinking
water. During the wet, this gully fairly cas-
cades with water...

Getting Started

We ran a 525 foot length of 1% inch black poly-
ethylene irrigation pipe up to a small wooden
dam across the gully head. This is held in
place by some convenient boulders and a large
cluster fig tree, obviating the need for cement
which is anathema in a World Heritage area
such as this. The dam is lined with several lay-
ers of black polythene to control leaks through
the boulder layer that comprises the soil of the
area. Several loose layers of galvanized % inch
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mesh function as an efficient trash filter
around the pipe entrance, which is itself pro-
tected by a closed tube of the same material.

The pipe snakes its way down the gully
to end at the house. We didnt read Bob-O’s
recommendation to use white PVC piping (it
has far lower friction) and paint it, until too
late. At least we have an intact run of irriga-
tion pipe to use elsewhere should we move — if
the white-tailed rats don’t eat it first! (These
enormous native rats have a penchant for poly
pipe, especially pipe smaller than 1% inches; it
gets perforated in short order.)

At the house we have a control gate valve
purely to turn the water off to unblock or
change jets. From this a further six feet length
of pipe is connected to a modified compres-
sion fitting into which the shortlength of PVC
pipe, supplied with Lil Otto and which carries
the jet, is a jam-fit. This makes unblocking
the jet a quick process. The modifications to
the compression fitting are tapers cut inside
the nipples of the fitting with a lathe to create
smooth conical transitions from the 1% inch
to the % inch jet pipe. This eliminates turbu-
lence caused by the square edges of the pipes
which can cause considerable energy losses.

Cross section of the poly adapter showing where
tapers have been cut with a lathe to eliminate tur-
bulence forming steps in the interior of the pipe.

PVC Pipe

Brass Jet

\_, High Density Poly

Compression Fitting Home Power

Since the present installation will prob-
ably be a temporary one, we did not want to
make a permanent cement pad and drain for
Lil Otto. We devised a cement block contain-
ing a wash chamber and drain, into which Lil
Otto wedged nicely, eliminating the need for
any clamps. It also keeps the unit stable and
secure against the hydro line. We modelled
a Lil Otto Body pipe-bowl-like cavity out of
polystyrene foam in a box and poured cement
over it. The foam was removed by digging it
out and finally burning it out with a gas torch.

Subsequently, we have added a pressure
gauge salvaged from an old piece of scientific
gear and conveniently calibrated in kilograms
per square centimeter — which means that we
have to convert to kilo-pascals or pounds per
square inch to make readings understandable
to everyone else in the non-Imperial world
(one kilogram per square centimeter equals
14 pounds per square inch). The gauge reads
to 3.0 kilograms per square centimeter, which
just happens to nicely encompass the pressure
range of our system (2.7 kilograms per square
centimeter). The pressure gauge is installed
just upstream of the shut-off valve. The pres-
sure gauge greatly assists in choosing the right
jet size for the flow or observing that the water
flow is lessening, as a fall in pressure indicates
that the jet is too large for the available flow.

How It Works

With our 100 foot head, we get 30 watts from
Lil Otto using the biggest jet provided (% inch
diameter, 9.5 US gallons per minute), and we
haven't really tried to calculate the system ef-
ficiency as there is more energy available than
we can actually use. I do not use any special
voltage regulator. The 12 volt hydro wiring
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is in parallel with the solar panels, and the
homemade shunt regulator deals with both.
You certainly would not want to use a series
regulator or a pulse modulated regulator with
a DC hydro system like this, unless you like
replacing generator bearings.

Lil Otto is a vertical shaft microhydro us-
ing a very ordinary permanent magnet DC
motor as the generator. It uses an injection-
moulded plastic impeller, and the entire de-
vice is fitted in a housing made out of high
density PVC plumbing fittings 12 inches high
and seven inches in diameter at the base. It has
an integral ammeter with a very useful six amp
range. With its two power connection screws
coming out the top like stubby antennas, the
whole unit looks like a little white Dalek. I put
a yogurt bucket over it to keep the top dry. A
short length of % inch PVC pipe fits into a col-
lar glued (rather weakly, in ours) to the body
of the hydro to hold and align the jet with the
Pelton wheel. With our cement base, I found
that it was more convenient to use the (now
detached) plastic sleeve as a locator in the hole
on the side of the unit and rely on the heavy
hydro line and the concrete block to hold the
alignment. In fact you can tune the power out-
put by slightly rotating the body in relation to
the jet. This arrangement allows one to readily

Top: Cross section of the cement block with the
collecting basin and drain outflow. Lil Otto wedges
into the sides of the basin and is held firmly in place.

Middle: Power (watts) versus jet diameter for a 38
pounds per square inch (approximately 100 feet
height) dynamic pressure. The relationship is linear.

Bottom: Flow rate versus jet size at 38 pounds per
square inch. This hydro is designed for low flows —
less than 16 gallons per minute.

“Lil Otto” Bod

L]

L : e B
¥ - "
: .“_'vj sessse:

n il

Maodosasy
seerlly )
L

. ' .
A T "

="
- 0()
Do 2.0 U 0.0

Collecting Basin

¢ .() ¥ )
00
C; (_) ?.-1

91

Cement Block \3

Power in Watts

Flow Rate in Liters per Second

e,
20050 .o\\kW\

35
1/4"¥ 800
30 700
25 600
>
S
20 00 5
o
(%]
400 5
15 2
300 £
10 =
200
> 100
3/321 1 1 b
0 1 [ ] | L L | T 1T 1T ¥ 1 | L R | | L | L B L L | 0
2 3 4 5 6 7
Jet Diameter in mm
07 T o
1 1/4"+ 10
06 =+ X
1 p o
D5 e - 8 2
- " s
04 + - @
4+ 6 %
1 11/64" " 5
03 + b =
- + 4 L,":)
0.2 e E 2
o
- e LL
+ 2
0.1 + -
0 | | | | ] | | I : | ] | : I : | | ] 0
3 4 5 6 7

Jet Diameter in mm

Home Power



92 SERIOUS MICROHYDRO

change the jet (as the water flow changes) or
to clean it. Bob-O kindly provided me with a
collection of brass jets of different sizes for our
trials.

We Love Lil Otto

Unlike equivalent Australian microhydro sys-
tems that I have looked at, Lil Otto is cheap
(A$600), small, relatively efficient and uncom-
plicated. What Lil Otto clearly demonstrates

is that using seasonal microhydro resources,
even in Australia, should not be sneered at.
This is especially true in high conservation
areas such as Daintree World Heritage area
where a viable alternative to grid power must
be found quickly if “the sun ain’t gotta shine!™”

Editor’s Note: This article first appeared in
Home Power Issue #52 (April-May 1996) and
is reprinted with permission of the author.
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Water Power in the Andes:
Yesterday’s Solution for Today’s Needs

RON DAVIS

Going to work these days is always a bit of a
thrill for me — often more than I care for. It
means crossing a 15,000 foot pass over the
Bolivian Andes and snaking down a muddy
one lane road carved into the face of immense
cliffs. “The Most Dangerous Road in the
World” was the title of an old National Geo-
graphic article about this spectacular route.

World’s Biggest Solar Machine

Actually I'm entering the world’s biggest solar
energy machine —the Amazon basin. Tow-
ering glacier-topped 20,000 foot peaks are
clearly visible from our tropical water power
demonstration site. The eastern face of the
Andes so thoroughly captures the Amazon
moisture that the western side —the Atacama
desert —is said to be the driest place in the
world. Sometimes rain only falls there a few
times during an entire lifetime.

But on this side, it’s just the opposite. Un-
counted streams and waterfalls abound, some
falling hundreds of feet directly onto the road-
way! About 80 people die each year on this
short section of road, since it is very narrow
and slippery. Vehicles that slip off the road can
simply disappear into dense vegetation 1,000

Roln Davis
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feet below. It’s incredible to think that this is
the only road into a tropical part of Bolivia the
size of Texas.

Leaving the narrow road, it’s a relief to ar-
rive in the lovely town of Coroico at 5,500 feet,
near our demonstration site. Green hillsides
are covered with coffee, citrus and bananas.
This also happens to be the home of Bolivia’s
traditional coca leaf production, so the area is
much affected by the US “war on drugs.”

Turgo Runner and Nozzles
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Campo Nuevo —
Meeting People’s Needs

Over 15yearsago, Diane BellomyandIfounded
Campo Nuevo. We started our family-sized
appropriate technology organization to im-
prove lives by bringing simple technology to
Bolivia’s indigenous people. We teach them
how to use their local natural resources for
energy. We want to show people how easy it
is to employ the abundant small local sources
of water power to improve their lives. This can
help make it possible for them to remain on
their land and in their own communities.

We are working with Aymara-speaking
native Americans, one of the largest and most
intact indigenous cultures in the Western
Hemisphere. Notable for having withstood
the Incan conquest and later the Spaniards,
the Aymaras are now succumbing to the pres-

Cutaway View of the Watermotor

R Home Power

sures of modern global economics. Like rural
people all over the developing world, they are
being forced to relocate simply to survive.
They usually migrate to a desolate 13,000 foot
suburb of La Paz in order to compete for un-
skilled, low paying and often temporary jobs.

A New-0ld Solution

Although they may not realize it, what visitors
to our demonstration site see is not really new.
It's actually a revival of the nearly forgotten
traditional use of water power. For thousands
of years before the invention of centrally gen-
erated electricity, water power was employed
to directly run machines, something it does
very well.

What is new is the development of a mod-
ern, low cost turbine specifically for this pur-
pose — a motor driven by water power. We call
it the Watermotor. It can provide the energy
to drive a variety of machines, replacing the
mid-sized electric motors upon which nearly
all modern production depends.

Lester Pelton, who invented the Pelton
wheel, produced a variety of these water-
powered motors. They were in use before
1900, powering individual machines. Pelton
even used one to run a sewing machine! The
direct drive hydro units were replaced by elec-
tric motors after centrally produced electricity
became the norm.

Few people realize how closely rural pov-
erty is related to the lack of machines neces-
sary for local production and services. In the
developing world, the power grid is usually
confined to cities and large towns. Rural peo-
ple still use muscle power as everyone did in
the past, and they do without electric lights.
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The need to generate cash to buy anything
they don't produce themselves causes a focus
on cash crops. This further reduces their self-
sufficiency, encouraging a downward spiral
towards dependency on a system that cannot
be depended upon!

Demo Site

Water power is natures most concentrated
form of solar energy, and by far the easiest
to convert into usable mechanical power. At
our new Campo Nuevo demonstration site,
we are featuring practical machines, directly
powered by water. There are woodworking
tools, air compressors and water-powered
water pumps. We also run an auto alternator
to charge batteries and provide lighting. This
can be switched on when mechanical power is
not being used and is driven by the same belt
drive that powers the tools.

The main attraction at our site is a Water-
motor driving a small multipurpose wood-
working unit. The machine is suitable for
producing doors, window frames and furni-
ture — necessities usually purchased from the
city. It processes locally grown timber instead
of wood carried up from the Amazon forest.

The Watermotor at our demonstration site
is provided with power from a water source
located 65 feet above the machine by four
170 foot long 1% inch polyethylene pipes. At
the heart of our turbine are two Energy Sys-
tems and Design plastic mini-Pelton wheels,
mounted on a single shaft and driven by two
water jets each. With a flow of 82 gallons per
minute, we get power similar to a % horse-
power electric motor at about 1,450 revolu-
tions per minute. Unlike an electric motor, the

Watermotor costs nothing to operate and can’t
be burned out by hard use.

It's Not Easy

Not much of this area is served by roads or the
power grid. The US owned (and US priced)
power generating system has little incentive
to provide long distance lines to a widely scat-
tered and typically impoverished rural popu-
lation. Water power is the sole available practi-
cal source of energy to run machines. There is
not a good wind resource in the mountain val-
leys, and PV is just not economical compared
to the abundant water power here.

There are major obstacles to the introduc-
tion of unfamiliar technology to an indig-
enous population that has traditionally used
no machines of any kind. These people have
little money to invest in anything that does
not promise a practical return. In addition, the
Aymaras are unlikely to be reached by adver-
tising in the city newspapers. This is why we
felt that a local demonstration site was neces-
sary.

Other problems are encountered when
machines, however useful, need to be pro-
fessionally installed, maintained or repaired.
Outside the city, such services are frequently
unreliable, hard to come by and expensive
when available.

Keep It Simple

In order to overcome these obstacles, we de-
signed the Watermotor to be user installed,
maintained and repaired. Because it is lo-
cally produced from common materials, all
parts can be easily replaced. Only the Pelton
wheels need to be obtained from other than
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local sources. A Watermotor can be made
with hand tools and a drill press, though some
welding is required. Most builders will find it
convenient to have the hubs which connect
the Pelton wheels to the shaft made by a local
machine shop.

The efficiency of direct drive water power is
a big advantage. A surprisingly small amount
of water falling a short distance can produce
the 0.5 to 3.5 horsepower of mechanical power
required by most common machines. This
means that many potential water power sites
are available, and a minimum of civil engi-
neering is required. Water is carried to the tur-
bine by low cost, easily transportable plastic
pipes. Rigid large diameter penstocks which
require skilled installation are not necessary.

Other projects by Campo Nuevo include
ferro-cement water storage tanks, ram pumps,
hand powered water pumps, electric and trea-
dle spinning machines and adobe brick and
plastic greenhouses.

The Watermotor itself is very simple to
build, operate and maintain. It functions ef-
ficiently in a variety of water power situations.
By merely experimenting with easily changed
water jets of different sizes, it is possible to
vary maximum power output. This also al-
lows the turbine to maintain efficient output
over seasonal water flow variations. Control
handles connected to the jets are used to di-
vert water flow away from the Pelton wheels,
cutting power.

Power Output

Regarding output and efficiency, you can de-
termine how much energy you could get from
a particular water power source by using this
formula:

Horsepower equals total head in feet times
flow in gallons per minute times efficiency
in percent times 0.18 divided by 746

Several things need to be considered along
with this formula. Pelton wheels are usually
about 75% efficient. There will always be some
pressure loss due to friction in the water sup-
ply pipes. Your local supplier should be able
to help calculate this for different products.
Tables for pressure loss in pipes of various
sizes can also be found in alternative energy
catalogues.

The power output of the Watermotor de-
pends on the fall and the amount of water used
to run it. Here are some examples of other
possible installations and the energy output
that they would produce:

« A 100 foot fall and 110 gallons per minute
would produce 2 horsepower at 2,050
revolutions per minute.

o A 150 foot fall and 184 gallons per minute
would produce 5 horsepower at 2,550
revolutions per minute.

The Basics

The Watermotor can be used to drive most
stationary machines normally driven by an
externally mounted electric motor or small
gasoline engine in the 0.5 to 3.5 horsepower
range. Power output can also be increased by
simply lengthening the housing to accommo-
date more Pelton wheels, without basic design
change.

Machines are driven by standard belts and
mounted directly on or beside the turbine
housing. The shaft between the Watermo-
tor and the tool is % inch, and the housing is
about 12 by 12 by 14 inches. The turbine must
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be mounted to accommodate the outflow
without having water back up. We use a ce-
ment box as a tailrace, with a four-inch drain-
pipe which returns the water to the stream.

Make the Comparison

How does the Watermotor stack up against
the competition? I asked a couple of RE ex-
perts to give me the rough cost of a wind or PV
system capable of producing 2% horsepower
of mechanical energy 24 hours a day, includ-
ing installation in rural Bolivia and technical
expertise for maintenance and repair.

Richard Perez of Home Power said, “Well,
the PVs alone will cost about US$35,000.
And the requirement for 24 hour power at
that level means a very large battery bank
which will bring the system cost up to around
US$70,000. And we still need to add small
stuff like racks, inverter and controls. Overall,
I'd say about US$80,000. It really points out
how cheap hydro is.”

North American wind power guru Mick
Sagrillo said, “My guess, using off the shelf
equipment, would be that youd need a ten-
kilowatt Bergey Excel. While it’s larger than
what’s needed, it’s cheaper than putting up
several smaller turbines. The cost for both
genny and controls is about US$20,000, less
tower, wiring, batteries and balance of sys-
tems components. Total system cost would be
roughly US$35,000. The one message I always
deliver at my wind power workshops is that
if anyone has a good hydro site, theyre in the
wrong workshop. While wind is cheaper than
PV, it's no comparison for a hydro site with a
100% capacity factor”

Now this is not a scientific comparison,
and these are admittedly rough figures. But

the Watermotor can produce 2%, horsepower
continuously — with a system cost of less than
US$2,000. It’s user installable, maintainable
(two lubrication points) and easily repairable.
It has only one moving part, can be locally
produced in a small shop and is immune to
damage from hard use. Also consider that PV
and wind equipment are imported, and that
theres a good chance of damage from misuse
or poor maintenance.

Watermotor-type designs were abandoned
about 100 years ago in the developed world
in favor of electric motors. To the best of my
knowledge, there are no machines equivalent
to the Watermotor being produced today.
Generally, very few products, no matter how
useful, are produced with the aim of promot-
ing self-sufficiency among the world’s rural
poor.

Water Power to the People

The best advertisement for our water driven
machines is for them to be seen hard at work
by the many people passing the demo site
daily. Woodworking machines in particular
have a substantial per-hour cash value. Be-
cause the Watermotor is immune to damage
from hard use, it is suitable to rent or lease. At
current rates, the entire cost of a Watermotor
installation should be recovered in only a few
months.

We expect visitors to our demonstration
site to have their own ideas about how they can
use the Watermotor. The experience gained at
this site will provide us with knowledge and
incentive to build similar sites in other parts
of Bolivia. Plans are available — contact us for
more information about building and using
the Watermotor."
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While Bolivia is especially rich in wa-
ter power resources, many other parts of the
world have similar conditions, and similar
needs. We would like to see this clean, self-
renewing, easy to use natural resource made
available to all.

Editor’s Note: This article first appeared in
Home Power Issue #71 (June-July 1999) and is
reprinted with permission of the author.
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Zen and the Art of Sunshine

PHILLIP SQUIRE

Zen Mountain Center is a Buddhist retreat
and training centre located in the San Jacinto
Mountains of southern California. We are
nestled in a steep-walled canyon with mead-
ows, chaparral and dense stands of pine, cedar
and oak. The canyon is 1.1 miles from the near-
est utility hookup.

The property, covering 160 acres of pris-
tine wilderness, was originally purchased in
1981 by the Zen Center of Los Angeles as a
summer mountain retreat. It has now grown
to include a year-round population of about 15
monks and lay residents and up to 50 visitors
and residents during retreats and workshops.
Early in the development of the property, we
conducted an environmental impact study to
establish eco-friendly limits on the number
of people and buildings to be supported by
the canyon. This was to ensure that the awe-
inspiring beauty of this land and the health
and well-being of its furry denizens would be
preserved.

Electricity for the New Center

Few people, even back in 1981, were willing to
live without electricity. With these limits in
mind, we started to consider how to power all
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the functions of a modern community. Our
options included:
« Bringing in utility electricity from the road
end by either utility pole or buried cable
« An engine/generator, battery and inverter
combination
« PVs, batteries, inverter and an engine/
generator

Hydro and wind power were not deemed fea-
sible, since both wind and water flows in the
canyon are fairly intermittent.

The upfront cost for extending the utility
grid up the road in 1982 was atleast US$66,000
and is approximately double that today. PV
was the second most expensive option at
US$15,000. The engine/generator, battery, in-
verter option turned out to be the least expen-
sive in the short term, but the prospect of noise
and air pollution in the quiet of the canyon
ruled this out as a long-term solution. How-
ever, engine/generators were used in the very
early days as an initial power source.

The PV system was eventually selected
as the most viable option due to lower initial
cost compared to bringing in the utility line.
The use of PV would also require significant
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energy conservation and ensure that we
would not just be transplanting suburbia into
a mountain environment.

Heating and Cooking

Following the decision to go with solar elec-
tricity, the obvious choice for heating, cook-
ing and refrigeration was propane. In the early
days when winter residents were few, wood-
stoves were used for heating. But with few ex-
ceptions, gas heaters have been phased in over
the years. The first reason for this is that we are
in a very high fire danger area, with only one
road out down the canyon. A second reason is
smoke, and a third is the logistics of gathering,
cutting and distributing all that firewood.

We use propane for water heating, to fire
one commercial and two domestic stoves and
to run six assorted gas refrigerators and one
freezer. We have two 500 gallon tanks that are
filled on a regular basis by a supplier from our
local town of Idyllwild ten miles away. These
feed underground gas lines to serve accessible
buildings, with bottled propane providing for
outlying cabins and trailers.

Developments in

Electricity Generation

At present, Zen Mountain Center has about
20 separate structures, including meditation
halls, kitchen and dining facilities, guest ac-
commodations, a workshop, meeting rooms
and a large bathhouse. All these structures
were built by our Abbot, Charles Tenshin
Fletcher, a building contractor by trade, and
20 years of hardworking Zen Center members.
Most of these buildings are located on about
an acre in the lower end of the property and
are powered by what we call the main system.

The remaining structures (two cabins and
two trailers) are located in the upper part of
the grounds. These are powered by their own
individual PV arrays due to their distance (up
to 1,500 feet) from the main electrical system.
These systems consist of two or three Arco
M-75 panels, a Sun Selector M16V 3.0 charge
controller and two six-volt Trojan T-105 bat-
teries (220 ampere-hours at 12 volts).

These smaller systems have given very lit-
tle trouble since they were installed. The only
maintenance that has been needed is replace-
ment of one faulty charge controller, adding
water to the batteries and very occasional
charging (by portable engine/generator) dur-
ing periods of low sun and heavy usage.

The main system has gone through a num-
ber of changes and expansions since 1981, but
originally grew from a consolidation of several
different PV systems dotted around the lower
property. In 1993, when it was first put in place,
it consisted of a combination of 18 Arco M-75s
and eight Arcol 6-2000s on a fixed mount in
our lower meadow — located 100 feet from the
batteries and connected with four, #2 USE di-
rect burial cables. About half of these modules
were used and had considerably reduced out-
puts from their rated values.

A 30 amp charge controller and voltage
monitor (Speciality Concepts SC2) and a
3,000 watt Westec Systems W3000-24 120/240
inverter were the electronic brains of the sys-
tem. The system also included eight, six-volt
Trojan L-16s (700 amp-hours at 24 volts), a 6.5
kilowatt Honda ES6500 gasoline engine/gen-
erator as our backup, a 24 volt battery char-
ger and a Todd Engineering power switch to
change the output from inverter to generator
(or vice versa) during charging. The output



Zen and the Art of Sunshine

from this system was delivered as 240 VAC
to all individual building breaker boxes, and
powers 120 VAC loads inside the buildings.

This system provided learning experiences
for PV novices and delivered most of the elec-
tricity in the canyon. It was totally manual,
and required monitoring to ensure that the
batteries did not get too discharged during
low sunshine days.

Over the first two years the batteries were
in use, they lost most of their useful capac-
ity. The main problems appeared to spring
from a faulty battery charger coupled with
not enough knowledge about how and when
to recharge the bank. Consequently, the bank
never received a full generator charge, and
certainly never an equalizing charge. As usage
increased, the PV array became increasingly
undersized, which meant that there was never
enough solar input to bring the batteries to a
full state of charge. Ruining a battery bank in
two years was quite an expensive lesson.

One other problem was that there was a
short loss of power during the generator/in-
verter switchover, which meant keeping the
computer people informed about the upcom-
ing reboot. Also, if heavy power tools or the
washing machines were being used, the lights
would flicker and the computers would go
down. We found that the modified square
wave output from our inverter was not com-
patible with separate, stand-alone computer
UPS systems.

Upgrading the System

In the summer of 1995, we decided to bite the
bullet and go high tech. We calculated that
in the next five years, we could be using any-
where from four to eight kilowatt-hours a day,
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Zen Mountain Center Loads
Location Average watt-hours per day
Workshop
Circular Saw 714
Band Saw 71.4
Compressor 714
Drill 53.6
Lights 28.6
Generator shed
Inverter idle load 384.0
Wash house
Washing machines 857.1
Office
Computer 1,650.0
Printer/fax 157.1
Lights 114.3
Phone 96.0
Answering machine 48.0
Kitchen
Lights 228.6
Vent fan 214.3
Blender 128.6
Mixer 71.4
Bathhouse
Lights 320.0
Community room
Computer 214.3
Lights 137.1
TV/VCR 102.9
Dormitories
Lights 411.4
Staff Housing
Lights 900.0
Vacuum cleaner 600.0
Computers 457.1
Coffee maker 400.0
Answering machines 288.0
TV/VCRs 114.3
Stereos 75.0
Meditation hall (large)
Lights 7314
Meditation hall (small)
Lights 68.6
Total average watt-hours per day 9,066

Phillip Squire
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depending on the number of residents. The
maximum power draw of around three kilo-
watts would occur if several power tools and
the kitchen’s vent fan were running at once. So
we needed an inverter that could provide that
sort of output over a short period of time, and
enough surge to get the motors started.

We also wanted an automatic starting op-
tion for the generator, and as pure a sine wave
as we could get. The battery storage should be
enough to get us through a couple of days of
cloudy weather, which meant purchasing at
least 20 kilowatt-hours (approximately 800
amp-hours at 24 volts).

After researching several options and rais-
ing the necessary cash, we purchased and in-
stalled a Trace SW4024 inverter and a propane
powered seven-kilowatt Kohler 7CCKM gen-
erator with an hour timer. The batteries were
hooked up to the inverter through an Ananda
SF400-T disconnect. The output was then fed
into our main breaker box located on the out-
side of the workshop, and from there to the
rest of the property.

The old batteries were kept in place with
the hope that an equalizing charging regime
would bring them back to life. When that
failed, we tried the EDTA treatment, but this
also had little effect. It seemed that most of
the generator and solar electricity that was
pumped into them just disappeared. So dig-
ging into our pockets again, we bought as
many new batteries as we could afford with-
out seriously undersizing the system. Sixteen
Trojan L-16s were purchased, which gave us
a total storage of 1,400 amp-hours at 24 volts.

This amounted to a useful storage of
around 700 amp-hours (17 kilowatt-hours)
if we were to use the recommended 50% dis-

charge depth. We also built a new generator
shed with one room for the generator, inverter
and meters, and one room for the batter-
ies. Four additional PV panels (Arco M-60s)
from a system powering the kitchen and guest
accommodations (which was subsequently
hooked onto the main system) were added to
the main PV array, giving us a maximum out-
put of around 30 amps at 24 volts.

In October 1996, we purchased a Trace
C40 charge controller with digital display
and a Cruising Equipment E-meter. Together,
these meters allowed monitoring of total amp-
hours produced and consumed, and showed
that we were using a lot more than wed esti-
mated.

On the average day, instead of the four to
eight kilowatt-hours wed calculated, our total
energy consumption was more like eight to
nine kilowatt-hours. Because we were produc-
ing only four to five kilowatt-hours on a sunny
day, the center was seriously underpowered.
This explained why the generator was running
every two to three days. With this energy defi-
cit in mind, we have been purchasing panels
as we can afford them and installing compact
fluorescents everywhere.

Over the past few years, we have added two
Siemens SP75s, six BP Solar 270ULs and four
BP Solar 275Fs, giving us a maximum output
of around 1.2 kilowatts. With the higher cur-
rent through the wires, we beefed up the con-
nection between the array and the inverter to
four, #3/0 cables. We also split the main array
into two subarrays (300 watt and 900 watt),
and purchased an RV Power Products Solar
Boost 50 as the additional charge controller.

With the extra panels, we are now about
100% renewable during summer. We will still
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be slightly underpowered during winter and
when we host large retreats. Our goal is to be
100% green powered on an average day during
winter. We do, however, plan to keep covering
the intermittent spikes in energy consump-
tion during large guest retreats with an en-
gine/generator rather than another subarray
of solar-electric panels.

Since we added the Solar Boost 50 charge
controller, I notice that there can be as much
as al5% increase in output on cold days during
the winter when the batteries are low. There
isn’t much gain during the summer when the
batteries are full most of the time and the volt-
age is high. But overall, this unit is worth the
cost.

Energy Distribution

We are using three, #2 cables from the inverter
to a main service panel. From there, using the
same cable size, electricity is fed underground
to subpanels at individual buildings and com-
plexes around the property. The main panel is
fused with 100 amp breakers.

The old Westec inverter used to give us
240 VAC, which we delivered using the three
#2 cables with two hot legs, and one neutral.
With the new 120 VAC Trace inverter and all
the cable direct burial, we decided to jumper
the original hot legs together at the main
breaker box and at individual breaker boxes.
This gives us two, hot #2 cables and one #2 neu-
tral. Each subpanel is grounded individually.

Quirks, Glitches and

Pleasant Surprises

A few other interesting changes occurred
in our operating system after the upgrade
that are worth mentioning. Just before the

upgrade, we installed an extractor fan and
swamp cooler in our kitchen to live up to the
requirements of the Department of Environ-
mental Health in Riverside County. These two
fans together draw about 2,000 watts. Thisis a
tremendous amount of energy for a small sys-
tem like ours, so we use it as sparingly as pos-
sible. With the experience we've gained over
the years, wed have purchased different fans,
but we rarely use them, except when things get
really smoky.

With the old Westec inverter, it was im-
possible to start the two fans at the same time.
This may have been because the high surge,
undersized wiring or the modified square
wave was not to the liking of the fans. This
caused some inconvenience, since the mo-
tors were started by the same switch in the
kitchen, and it meant climbing onto the roof
and disconnecting one while the other started
up. Also, if the fans were restarted after a short
break in operation, there were loud groans
of protest from the motors. We blew up one
capacitor this way. However, with the advent
of the new Trace inverter, all these problems
miraculously disappeared.

The sine wave output has now allowed in-
stallation of UPS systems for the computers.
UPS systems wouldn't work properly with
the old inverter — something to do with heat
buildup and sensitivity to the quality of in-
coming power. These UPS systems are an ab-
solute necessity, because we constantly experi-
ence flickers in the power whenever a washing
machine or power tool starts up. This could be
caused by a slight undersizing of the under-
ground cable to the various buildings, result-

ing in a voltage drop as the motorized culprit
kicked in.
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This does not occur when the generator is
running, which puzzled us at first, since the
inverter has a higher surge capacity than the
generator (ten kilowatts compared to less than
seven kilowatts). But we came to find out that
when charging batteries from an engine/gen-
erator, Trace SW series inverters will back oft
on the charge rate and actually draw energy
from the batteries to assist the generator in
powering large loads if need be.

The inverter has overload protection and
shuts off if it experiences a load of more than
ten kilowatts (in other words, if there is a short
in the system). This is fine except that if there
is a short somewhere on the property, the in-
verter will shut the whole system down before
an individual magnetic breaker in one of the
buildings can do its job. This means that it's
harder to find the source of the short. And
once you know where the short is, it can be
a long walk to restart the system, and it’s an
inconvenience to everyone else at the center.

Even the waveform of the Trace SW4024
sine wave inverter may not remove the nasty
hum from a stereo amplifier. From experiences
of people around here, it appears that the hum
depends on the brand and model of stereo
that you buy. I bought a Sony boombox, only
to hear a loud hum that would not go away
even when securely grounded. I exchanged it
for a similar product from Aiwa, which is as
quiet as a mouse using CD and radio, but still
emits a slight noise running the cassette deck.
It seems worthwhile to experiment, especially
if you're going to spend a bit of money.

Engine/Generator Lemon

Our Kohler engine/generator spent a fair
amount of time in the repair shop immediately

after its purchase. We had to get a completely
new one when one of the cylinders developed
a crack and sent oil and smoke pouring out
of the generator shed. The replacement model
developed some problems too. One spark
plug was continually being plugged with black
carbon deposits every 30 hours of operation.
This occasionally resulted in misfiring and
required regular replacement. Oil was also
appearing around the breather tubes, suggest-
ing that perhaps the rings were not properly
seated.

After an almost complete rebuild (under
warranty), it appeared that the problem had
been mostly taken care of. However, after
perhaps a year of trouble-free operation, the
Kohler really gave up the ghost, due to arcing
(we think) in the main coils. So we purchased
a Generac Primepact 55LP with a three-year
warranty.

But sadly, this too has been giving us head-
aches — with bad thermal breakers, oil leaks
and other unidentifiable problems. So we're
hunting around again for something that re-
ally works —any suggestions? All the more
reason to keep on working towards 100% re-
newable energy.

Wind in Our Future?

Zen Mountain Center is committed to reduc-
ing our reliance on the engine/generator, so
we are increasing the size of our PV array as
the money becomes available. Recently we've
decided to look again at feasibility of wind and
water as energy sources. As mentioned earlier,
we didn't think we had enough of either re-
source for useful energy generation. However,
we started to experiment with wind, using an
Air 303, just to be sure. In the cooler months,
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there are some terrific gales (Santa Anas)
which come from the high desert and sweep
over our mountains and down into the canyon.

In January of 1999, we installed an Air
303 in the top of one of the tallest pine trees
near the electrical shed. Since the Air is priced
about the same as a single solar-electric panel
and has the potential for putting out 400 watts
during very strong winds, it appeared worth
the initial investment.

The downside to this wind generator is
that it is not at all quiet. It has a distinctive
moan when wind speeds get above 20 miles
per hour, which has been a little irritating to
those used to the whisper and rush of wind in
the pines.

The Air 303 is hooked up via 100 feet of #8
UV Romex running down the tree (stapled
as required by code) through a removable,
three-point plug and socket (for quick discon-
nect from the electrical shed in case of pend-
ing lightning) and a 20 amp fuse to the battery
bank. We also installed an Ananda LA100V
lightning arrestor in line, in case we forget to
disconnect the wiring during storms.

We recorded the output of the Air 303 us-
ing an E-Meter for the first year. We received
about 1,500 amp-hours (at 24 volts), or 36
kilowatt-hours for a 12 month period. In the
same time period, our PV array gave us 1,632
kilowatt-hours. Investing the same amount of
money that we spent for the Air 303 in another
solar module would yield perhaps three times
the annual energy output. Considering this,
plus the higher maintenance requirements
for the wind generator and the intermittent
nature of our wind resource, we decided that
solar electricity is a much better bet than wind
for our site.

Photovoltaic system with hydro rock in the fore-
ground

Microhydro

Water power is something we're now looking
into. The wells from which we gravity feed po-
table water for the center (horizontally drilled
into the granite at the back of the canyon) are
at an elevation about 180 feet higher than the
electrical shed. And we already have a two-
inch pipe for water supply and fire protection
running around the property.

We gave Don Harris of Harris Hydroelec-
tric a call and discussed the feasibility of in-
stalling one of his microturbines. Don came
down and talked us through the installation,
and we have now connected one of these
amazing little pieces of equipment to the water
system and the electricity system.

Don gave us several different nozzle con-
figurations for our system, based on our avail-
able head and flow rates. We are still in the
testing stages, but will probably be running a
flow rate of six to nine gallons per minute for
an output of 100 to 150 watts. This could pro-
vide a major portion of the electricity we need
in one fell swoop!

Jim La.key
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The microhydro turbine is directly wired
to the battery bank via 100 feet of #2 cable
through a 15 amp breaker. Since the microhy-
dro must be connected to a load at all times to
control the turbine’s revolutions per minute,
we also installed a second Trace C40 (in diver-
sion mode) and an Enermaxer controller with
a 1,440 watt diversion load, an air heater and
fan. Any excess electricity produced by the
turbine is dumped to this load once the bat-
teries are full.

The bulk and equalize set points on the di-
version Trace C40 are set a couple of points
above the set points on the solar charge con-
trollers and Trace inverter. This ensures that
the output from the solar array or generator
does not start discharging into the heater/
fan diversion load when battery voltage ap-
proaches bulk or equalize voltage. When we
run an equalizing charge with the propane
generator (we don't have enough capacity to

Close-up of turbine installation

Jim Lakey |
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do this with renewables) we make sure to hit
the equalize button on the diversion Trace
C40.

The success of this project, however, de-
pends on whether we have enough water in
our aquifer. Our wells are our only water sup-
ply, and this is southern California. We are not
sure what kind of effects moving this amount
of water from one end of the property to the
other will have on the riparian ecosystem
around the wells and on the viability of our
water supply.

We're planning to only operate the hydro
system during the winter, once the rains and

Zen Mountain Center Main System Costs

18 Arco M-75 modules $5,400
Trace SW4024 inverter $3,500
Generac Primepact 55LP

propane generator $2,800
8 Arco 16-2000 modules $2,400
16 Trojan L-16, lead-acid batteries $2,400
6 BP Solar 270UL modules $2,100
Boxes, breakers, fuses, conduit, cables $1,500
4 BP Solar 275F modules $1,400
4 Arco M-60 modules $1,200
Harris microhydro turbine $800
2 Siemens SP75 modules $700
SWWP Air 303 wind generator $500
2 Trace C40 charge controllers $370
RV Power Products Solar Boost

50 controller $350
Ananda APT SF400T disconnect $300
E-Meter amp-hour meter $190
Enermaxer diversion controller,

1,440 watts $150
Ananda LA100V lightning protector $60
Total $26,120
Note: Cost (in US dollars)

Phillip Squire
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Zen Mountain Center Renewable Energy System

| e ——

| N A A A

WUBESEEC

Lo o o B B

LA o e B

s )
P ————
00#&00040'
$40604 48
000000009

Lk A A A b A s

| g e 0 B i

......,u

e b et ee [
R TR

soo404604Q
T ———~—
400000099
GG 408480
000000¢0°

Wind Generator:

Southwest
Windpower Air 303,
300Wat28mph S boe b OeOde
(12.5 m/sec), D R =
24VDC output $44444440
.f\
! Photovoltaics:  Four Arco M-60, 60 W each
1 E | . -oY, '
¥ & + 1 — ‘— six BP 270 UL, 70 W each; eight Arco 16-2000, 32 W each;
® e 18 Arco M-75, 48 W each; two Siemens SP75, 75 W each,
! four BP 275 F, 75 W each; wired for 2,230 W total at 24 VDC
— Y ="y
g - Charge e Charge Controller: Hydroelectric Internal Combustion
Controller: RV Power Products Turbine: Generator:
Breakers: Trace C40, 40 A Breakers: SB50, 50 A, Harris single-nozzle, Generac Primepact 55LP,
Two 50 A Two 60 A MPPT 120 W, 24VDC 5,500 W, 120 VAC,

propane fueled

Bt v, i1
SOLAR BOOST 50
:
284l
—a
8 Breaker
15A
L &
Breaker: 20A "
N
T >
—k |

DC Disconnect:  Ananda APT SF400T,
400 A class-T fuse, pull-out disconnect

= ()

Ground Disconnect: (0 uin
Lightning Arrestor: grounded receptacle, () nim
Ananda LA100V shorted (stop) receptacle L

Illl MU

ilowatt

Amp-hour Meter:
Cruising Equipment
E-meter

Inverter: Xantrex SW4024, 4,000 W,

Feses 24VDC input, 120 VAC sine wave output,

Two 2 A

Shunt

BaEI:cerly: Elxteen Charge Controller: ' AC Mains Panel:
L e d Trace C40, 40 A ..nl 100 A breakers
wkcEfor 400 84 [TTTTTT et ( )
total at 24 VDC g oo | | Cnermaxer
air heater, 1,440 W o 77N
at 24VDC $ <
Note: All numbers ;
™ aa | REApp
manufacturers' — IM e ® 120VAC
specifications, or e | AARA
nominal unless D09 t—

otherwise specified.
Ground —

(D
(+)
\
|
Home Power



108 SERIOUS MICROHYDRO

snows arrive. We'll keep a close eye on bio-
logical health, well flow rates and surface wa-
ter levels in the stream bordering the well site.
It may be that we won't feel comfortable with
running the turbine even during the winter
for any length of time, but at the very least it
will be a backup supply for when the wind isn't
blowing, the sun isn't shining and the genera-
tor has decided to quit.

Renewable Community

Living in a community with renewable energy
is an ongoing education in how to balance a
large and diverse group of needs with the re-
alities of a finite amount of energy. Inform-
ing visitors and residents regularly about the

need for conservation, and the necessity for
using energy eflicient lighting and appliances
are parts of a process that keeps us aware that
electricity comes at a cost.

At Zen Mountain Center, we are directly
aware of that cost, since we produce the stuft.
Everyone who visits here experiences living
with renewable energy. And if we do noth-
ing else than alert people to the fact that every
time we flick a switch, we are having an effect
on the environment, it will be well worth it."

Editor’s note: This article first appeared in
Home Power Issue #92 (December 2002-Janu-
ary 2003) and is reprinted with permission of
the author.
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Power to the People

DON HARRIS

In February 1987 we had the opportunity to
plan and install a small DC hydroelectric gen-
erator on a rural dairy cooperative in Nica-
ragua. The ranch had belonged to a Minister
in the Somosa Regime. After the Revolution,
the land was distributed to the workers who
had formerly lived under conditions resem-
bling serfdom. The cooperative has a total of
34 families, nine of which presently live on-
site. Our objective was to provide enough user
friendly electricity for lights and improve-
ments for present and future families.

The Site

Eight houses are spaced about 75 feet apart in
two rows of four each. The ninth house is over
¥4 mile away and was the original hacienda.
It also serves as a gathering place for meals
and fiestas. A creek runs within 500 feet of the
nearest house and a 3,000 foot long, nearly
level flume passes between them. The flume
was built to feed the swimming pool. It now
also provides agricultural water for the dairy
operations.

The Project

In November, 1986 I was contacted by some
friends who were planning the Power fo the
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People project and needed information and
hardware. The project was sponsored by Tech-
nica, a Berkeley, California-based technical
assistance organization. They expedited all
the complexities of getting to and from Nica-
ragua. Always one to travel, I joined. Kate, a
project organizer, had been at the site previ-
ously on a house construction project. From
her memory, we had enough site data to build
the turbine and collect other necessary parts.

A prime design consideration was to make
the system locally serviceable. This precluded
the use of some of the fancier electronic equip-
ment that is so useful to us in the USA. The
exception to this was the Enermax charge con-
troller. We had to control battery overcharge,
and these units are nearly indestructible.

Because of the US embargo, Delco alter-
nators, which we usually use, are very scarce.
Japan trades extensively with Nicaragua, and
the 40 amp Toyota alternator has the proper
characteristics. We committed to 12 volt op-
eration because of the universally available
automotive lightbulbs, radios, batteries and
so on. We chose edison base, 12 volt, 25 watt
lightbulbs because of their reliability, but took
along adaptors to convert to automotive type
bayonet base bulbs, just in case.



8 houses with central
battery shed
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On February 3, four days before I was to
board the plane to Managua, I got a frantic
message from Kate and Bill. They had driven
down through Mexico and Central America
the month before. They had discovered that
pipe availability was a problem, and we prob-
ably couldn’t get the 100 feet of head that we
had planned on — perhaps as little as 20! A
quick conversion back to a rewound Delco al-
ternator produced a system that would oper-

System Layout
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ate from 10 feet of head up and could use one
to four nozzles.

My plane tickets gave me two weeks in Ni-
caragua. We had to plan, scavenge parts, trans-
port everything 100 miles, install, trouble-
shoot and get back to Managua in that very
short period of time. Upon touching down
in Managua, I was met by Bill, Kate, and Ben
Linder, the first US citizen to die at the hand
of the Contras. We spent the next two days in
and around Managua rounding up pipe and
hiring a truck to haul the 3,000 feet of four-
inch PVC we managed to obtain. On the third
day we headed north to Esteli and the project
site.

The original plan was to run a pipe parallel
to about 1,500 feet of the old flume and then
pick up as much head as possible in the creek
bed. We set out surveying and found that with
our 3,000 feet of pipe we could get almost 100
feet of drop, our original estimate. But we also
noted the rugged, almost vertical canyon walls
in the gorge and the fact that we had only nine
days left to get it all done. We had the full-time
help of two local people and the whole com-
munity at crucial times.

Chris, a US citizen working in Central
America, and Ben arrived about this time,
and an alternative plan emerged. If the flume
delivered far more water than the needs of the
ranch, we could divert some of the water some
of the time thru a 300 foot long pipe back into
the creek. This would be much quicker (and
thus more likely to be finished) and would
save 2,700 feet of very precious pipe for other
use. The flume had a diversion gate at about
the right place. With a little brick work and
some screen as a filter it could be used. Chris
and Ben consulted the ranch elders and deter-
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mined that they could afford 12 hours a day
operation in the dry season. We quickly sur-
veyed and found we had 78 feet of head. We
had a system!

The practical (50% efficient) potential
from 300 feet of four-inch pipe and 78 feet
gross head is about 2,100 watts. This would
be using 450 gallons per minute at 54 feet net
head. Our unit using four nozzles can use up
to 160 gallons per minute and could, with the
right alternator and at the right voltage, pro-
duce 800 watts. Our commitment to 12 volt
operation and our use of the ultra low head
alternator limited us to eight amps. This latter
limit is due to the small diameter, long wire in
the special stator winding.

We had to go 500 feet from the turbine to
the batteries and up to 250 feet<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>