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This report was prepared as an accbunt of work sponsored by an agency of the United States Govern-
ment. Neither the United States Government nor any agency thereof, nor any of their employees, makes
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More and nfore Ameritans are generat-
ing their own electricity. Faced with higher
cn'crkxpriccs. and engpuraged by govern-
ment regulations which require utilisies to
buy'power from small producers, individ-
uals arougs) tho country are investing in
electricity®roducing systems. ThgPsources
of energy used by these systenis are di-
verse, ranging from geothermal -water to

~industrial and agricultural wastes, but by

far the most pppular hawe been wind,
water, and the sun. ¥

But utilizing this *‘free’’, energy does
pot come cheap. As many of the grantees
i the DOE’s Appropriate- Technology
Small Grants Program discovered, pro-
ducing powér with wind machines, micro-
hydro systems, and photovoltaics@an in-

volve a large commitment of time and

_ money, not to mention coping with the

various problems encountered ‘along the
way. As one grantee commented, ‘‘Many
of the unforeseen pitfalls that must be
overcome are not genefally known until a
project of this type is underway.”’

For this reason, grantees from
around the country were askéd what ad-
vice they would give to individuals who
are considering a wind, hydro, or photo-

. voltaic system: Some grantecs were opti-

mistic about the potential of homemade
electricity, others were more cautious; but
all were willing to offer practical advice,

_ based on their individual experiences. /

this type is underway.”’
' - . VYA

ed on this advice, Horsemade Elec-
tricity leads prospective power producers
through a series of questions that will
help them decide if generating heir own
electricity is right for them. EacH technol-

- ogy—wind, micro-hydro, and photovol-

taics—is also introduced, describing pre-
liminary considerations and emphasizing
the lessons learned through the in-the-
field testing. of the grants projects. Final-
ly, ad&tional sources of information are
included to help novice electricity pro-
ducers answer questions that will arise,
and a glossary to explain some of the
terms associated with the three technol-
ogy areas, '
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“Many of the unforeseen
pitfalls that must be over-
come are not generally
known until a project of
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FIGURE I: Ten Preliminary Considerations -~

Step 1.
Whar alternatives are available?

Before congsidering  an electricity-,
producing systen, it is important to 'ook
fust at altermanveg. Many  individuals
considering a wind, hydro, or photovol-
e system are anxious (o save money on
. thar energy bills. So the first thing to

consider s whether or not it will be more
cost-cffective to use less energy rather
than generate more. Many energy-
conserving applinces are now available

which can ent clectricity consumption by

up to one-half of that used by your cur- )

applignees.  Weatherizing and  in-
sulating youkr home will also cut down on
cnergy cofumption and cost much less in
both time and money. Whether or not
you decide to proceed with an electricity-
producing system, conservation will help
you use energy more gfﬁcicn(ly.

- rent

/\# Siep 2,
., Wt this system fit' into your
lifestyle?

Although this question may seem in-
consequential, in the end it could be the
most unportant consideration. If you are
unwilling to make a substantial invest-
ment of ime maintaining and repairing a

‘phasized,

procceding further. As many grantees

cautioned, when you make the choigsto

install your own electricity-producing sys-

tem, you are ggsummg the duties normal-

ly provided by utility mmpanicx As one

grantee sunmuned n up, “It’s no longer as
asy as turning on a switch.”

Step 3.
What aré the potential leggl
and/or environmentual problems

connected with the system?

Find out exactly what permits are nec-
essary to prdduce your own clectricity
and become familiar with the contplete
arrgy of regulations.- For example, if
there are goning ordinances prohibiting
any structure over 30 feet, and you are
not able to obtain a variance, you can
probably dismiss a wind system. Or, if
you have a stream on your property but
cin't secure lhe water ngh‘(s it’s better to
know before mveslmg time and money in
a hydro system. One grantee discovered,
after installing a small hydro system, that
he could only operate eight months out of
the year because of the system’s potential
impact on stream fish habnal As he em-
it’s important - investigate
every potential restriction and regulation

N

system, you should reconsider before before proceeding.
) T . ,
“It’s no longer as easy-as turning on a switch.’
. 7 < - . /
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ugstion& you should dgér
wproducing system. Althou
rd, they'can, apd should

Ht-of;: ’youHrme -Making ‘that in-
heen mm.‘h;meq will help avo;d

pe sy.s‘(gm in the future "

.- Step 4.
~How much electric
N :
Yyou need?

A

Undcrs;nndlng exactly how much €lec-

;tnuty yomwtsumq yearly is important

you finally decide qo indgll M electricity-

producing system. The best way to deter-

mine electrical consumption, or load, is

to look at power bills for the last year.
The bills sho indicate the number of
kilowzm-hour‘s{;]}ur household consumes
every month. A year-round analysis of
your powek needs is necessary because
clectricity consumption changes with the
scasons. For example, in the northemn
United States, most households cousynm
more  dlectricity  during  the  winter
months; in the Sonth, electrical consump-
nomsg often greatest during the summer if
air cohditigners or fans are used. If
you're building a new homg}.md can'y
refer to pastipower bills, you can estimate
ybur econsumifytion by making a list of all
your“electrical\appliances, recording hQw
much power they require and the amount
of time cach is used. Several of the gen-
cral books on the suggested reading list
(Part I111f. include such information for
typical use pattems. '

A

b Slep 5.

T

What are your resources?
The imp®rtance of accurate and long?

term measurements of potential energy

resources can’t be overemphasized. Fre-
quently, systems have been installed with
insufficient energy resource data-kor no -
data at all—and the systems simply didn’t
perform to the owner's expectgtions.

First, check with state energy offices,
local, state or federal weather bureaus, or
cven your local utility co, c‘)npany for any
long-term data that is available for- -your
site’s vicinity. Next, unless data is already
available for your specific site, be pre-
pared to invest at least a year in gathering
the information you’ll need. Then com-
pare -your data with long-term datq, col-
lected nearby. This is an important step
for, as anyone who has observed the
weather Will tell you, a single year’s data
may not be
you, can expett on a long-term basis. Cli-
matic fluctuations, even on an annual

‘ 3
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nvlage hasis, can be extreme and i vou
- hase your decision to imstall a renewahle
energy systemn on data that 1 atypweal you
could be very disappointed. 1°s also help:
fut to talk to anyane whais pmdncini; his

N or her own pawet i ydur area, or to
someone who s familiar with weather
’ conditions, ta get a complete understand-
) g af the resources
+ Step 6.
N Will vou use Alfernating

Nurrent (AC) or Direct
) Current (DC)?
» .

= Flus can be the most 4o blesome deai
qon you will make when planning yoﬁw
clectncity-producing  system. - Lveryone
you talk to about the henefits of one o1
the uther will kg ifferent, and equally
convincing, arguments. One of-the fac-
tors influencing your decision is the dis-
tance between the generating facility and
the site Sf applhcation. Direct current can
be casily transmitted over short distances,
but over long distances for cquivalent

powgr  generation,  clectrical losses  are”

greater than with higher voltage AC.
Another factor to consider 1s the conven-
ience and expense involved in actually
ing the clectricity. Basically, the argurhent
can be settled like this: If you're planning
a home in a remote site where no unlhity
backup is available, plan to store €xcess
clectricity in batterics, and plan to powgr
lightt and small affphiances, go/DC. Many
DC nppli;mccs re avalabla_such as
those used in recrcational vehicles. An n-
verter, although q(pensiilc, can be added
to operite the apphances only available in
AC, Go AC if you are adding a system o

an_existing home with utility service, or )

can produce clectricity year round, 24
hours a day and do not require battery
" storage, as with some hydro systems.

Another alternative is to use both AC
and DC electricity simultancously. One
grantee wired his basement for DC and
uses his small wind charger to power
energy-cfficient PC fluorescent’lights. As
he expands his Battery bank, he plans to
wire the upstairsNor DC and add other
DC apphances.

5

Step 7. 7 :
: Storage and/or utility
interconnection?

While trying to resolve the question of
whether to desigri a system to use AC-or
PC electricity, you will also need to de-
cide how to provide storage and~or back-
up clectricity for the times when your
system isn’t producing. The options vary

, - depending on the site, the technology,
and the end-use of the electricity pro-
duced. For example, one grantee who
yses wind to pump water provides storage
by pumping the water into a tank for later

Q "4
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use One smadl hydra user canstructed a
pond for effective storagegy it far most
cnergy producers, the apttaris came down
ta using bhattenes o interconnectingwith
the utibity.

Interconnection proved to be the most
popular dption with the grantees since o
avouds the expense and inconvenience ol
battenes (although an expensive synchro-
nous inverter is required), and it ensures

({l,hm there will be electricity an demand.

/

“lowever, interconnection does have its |

"disadvantages. As onc giantec pointed
out, if the power company goes downga
real possibility mn"some locanions), n\i!
systems also shut off. And unless you re-
ceive a reasonable buy-back rate, inter-
cormection is less attractive.

It you are considering utlity mtegcon-
nection, it s impclmivclluft'-y()u conlact

tnional

. * :
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b .
both your utility and public service come
mssion early for gudehhies, restrctions,
and, gt counse, the buy hack rates betore

_pnx*c&hng with your system (see PURPA

Regulations). -
Step 8. . :
What clectricity-producing
svsterns are available that match
- your elm‘tric({/ needs?

This is the step where one grantee sug-.
gests you “‘read everything you cgn get
you ‘hands on.’’ Although a tew voca-
schools  teach 'clus.sg.s m wind,
hydro, o1 “ghotovoltaics, far the most »
part, you will have to teach yourself the
basics of homemade electricity.

The more you learn about the techndl-
ogy’s history, development, and poten:

i

hands on,””

"PURPA Regulatioris -

in 1978, Congress passed legislation requ-
ing utiliies to buy electicity tiom small power
producers, o qualfying faciiies as they are
called This legistation, entitled the Public
Utilhas  Regulatory  Policies  Act (PURPA),
has encouraged thousands ol Amencans 1o
* hggome small.power producers )
Dasically. the legistation states that a ulil
ity must purchase power fiom a quahtying
“geilty (QF) at the utility's “avoided cost ™
Tha avoded cost 1s the amount of money the
ullflly saves by not having to generate the

same amount of power As ol May, 1983#

wvorded cost had been determinediby pubhc
utihlly comnussions, 01 their equivalent, in ail
but three states (Nississippr, West Viginia,
and Wisconsmn) Rates range ftom 003 cents
per klowatt-hour to 998 cerRﬂs_,and ‘some
slales,ﬂ’y morg for different sources of
_ power But even with buy back rates estab
nshed. small power producers may Stilt have
1o enter nto negotiations with utitties to de-
termné Tates lor any long-term contract
Aside from your state eneigy office, which
may help you gel started. there-are two basic
* contacts for more mformaton, il you are
considernng utiily interconnection

) L3
Public Utitity Commisslon (of its
equlvalent)

The utiily comnusslons can

started in the rnight direction. "'sefing he.

scene” for the transactions thaj wil) be lak-
ing place They also have copfes of ke Pub
fie Utility, Commissiort Rules '(&PUR with-
in yoyr state which should be dMe of the first
things you read In addf®on. some of the ques-
tions you should find answers to include
1 Does PURPA apply? (In some ulility
districls, with co-operafjves for exam
ple. PURPA may nole’p ) ‘
2. atis the established buy baek rate?
3 hat are the u’iih’obligahons. by
law?
4 What conltractual obligations are
necessary?
5. What are the'methods of appeal?
6 Who has what responsibilpe in the

;eylialions”

“‘Read everything you can get your

Local Utllity Company
Since you will be negotiating with the utit
iy, be sure o mamtain a professional rela.
tonship with thep -Record all contacts made
with the utihity, m¥lyiing dawi_ namas of pei-
.sons “lalkked to, TRe mtormaHion rgquested.
and the answers 1eceived Because utihties
hear from hundreds of potential power pro
ducers. they may keal your inthal inquines
as general in nature Any Serous request for
information should be ?/m wiiting and
directed 1o the person whd can act on thatin
formation And be sure to request that the n
louﬁalion you need be provided n winting
Questions you should have answered catly m\
the process nclude

1 Does the utiity hafle any guidelines or
nandbooks for“power producers and, -
\f so, how can you obtain a copy? -

2 Who can speak for the company and
has the authonty 1o sign contracts?

3 What period ol uﬁle does the conliacl
‘cover? '

4 Who can provge buyback rates? (To
obtain buy-bac s Mmay requue a
formal written request, with a clear -
statement of what s required.)

5 fow long will it take the utility to pro

vide this informaton? »

What metefing'uptions are available?
What ate the charges tor meters, in:
cluding chaiges for nstaliation and

—~

2T monthly reading?

How much insurance does the utility .
requiré you to mantam? R
What kind of equipment (invertets,
locks, etc ) does the utility requirg that
you purchase?
What drawings, schematicg.
maps are required? g
What provisighs are lherq,'Should' your
system break down? Can they perma-
* nently disconnect yout system from
the grid?

Some grantees experienced mitial dith
culties in establishing a relaudnship wil
their local utility Find eut early whald
volved, and how that will altect yolr elec
ticity-producing system and its econorrtic
potential, before investing i the system

]
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tial, the better prepared you will be to
chBose a systent that will work at vour
specihic sipe - Also, the more you hnow
about the technology before talking.to
mﬂwfuclurcrs or sales representatives,
the more likely you will getyhe answers
you are looking for when .xl_\'csligminé
the system. ' :

Step.9. .
L How much does the system
: : cost? ) '
- " . I
It you've procceded this far in the
. process, now 1s the time to sit down and

» add up the costs. Most manufacturers or
sales representagives. should b€ able to
give you an estimate &f the costs involved
if you_are,ab% to give) them an accurate
assessment of the resources available, or
where the equipment will be sited, and
what your load will be. .
Although the intial costs of these sys-
tems are high, the actual lifetime costs
may turn out to be quite reasonable. Per-
forming a simplified life-cycle cost analy-
sis of the proposed system will help yoy
determine whether or not the system is a
good mvestment. Take the initial cost of
the system (including instaflation costs,
shipping, any legal fees that may be nec-
essary, angt any other miscellancous ex-
penses), add to that the estimated opera-
tion, ma'\la‘:nancc and repair c@sts over
the life ‘of the system (including m-
surance, taxes, finance charges if you
4 have to borrow money for the system,
and any other miscellaneous expenses),
subtract any fedceral. or mate tax credits

: |
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that might apply, and divide that” figure
by the lifetime of the system Twenty
years 15 a conunon assumptiag for the hte
of a system, althongh some c.(’hnpnncnl.s,
like batteries, may have a five 10 ten year
life. (Manyfacturers should be able 1o
prévide you with more specific informa-
tion.) This calculation will give you a
rough estumate of how much it will cost
you 1o operate your syStem cvery year.
Divide that, number by the projected
yearly output of your system in kilowatt-
hours and you should have an idea of
how much your clectricity will cost per
kilowatt-hour. ’

Using this technique 4t is possible to
compare different systems. Fomexample,
how would a photovoltaic system com-
pare with a wind system over twenty
yeats? Or, if your house is a short dis-

LImu;c from the utility power lines, how
would the cogt of connecting with the
utjlity compard with the alternatives? Of
course, once ypu begin to compare alter-
native systems with utility costs, the prob-
lem becomes more complex. You know
how much utility-generated electricity
costs today, but how much will it codt
l‘omorrow? How about twenty years from
now when your system is still producing
lﬁ{lg a renewable source of energy? To
make a valid comparison, you need to
figure an anmyal utility cost increase into
your calculation. Using utility price in-
creascs for the last ten years, utility esti-
mates of future price increases, standard
projections, comumon sense, and intuition
willall be helpful, but rergember, you
cannot make a wise investment in your
energy future on intuition alone. If you

o
‘e ¥ -
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are uncertain about the figureg, seek help
from a professional. It makes good sense
to calculate the viabibty ot thas mvest
ment before making any purchase.

)
u

© Step 10. |
Reconsider Steps 1-9.

AAf the costs seem 100 high, even over a
long term, it's’ time tQ go #ack to Step 1.
What are the available alternatives? Or,
going back 1o Steps 2 and 4, are you Wwill-
ing to adjust your lifestyle to reduce
your need for electricity anll thus the size
of your system? Or, Step 8, have you
overlooked other systems available that
will meet your load and resource needs?
It may be necessary (o go through this
process several times, cvaluating dif-
ferent resources, considering different >
systems, or- adjusting your lifestyle or ..
electricity consumption in order to find
a system that meets your needs and fifs /
your pocketbook. Or you may decide i
that producing=your own power is sim- P
ply impractical and that conservation is
the best mvestment,

Whatever your final -decision, it
should be made with a realistic appraisal
of your financial and time limifations.

tricity should be made other
long-term investment: ly and
comprehensively, ithout emotional
ias, ' ; R
bia } . . coo T
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Much h(is'ﬁ 'been written on wind, micro-hydro, and
photovoltaic systems but little is available on.wkat it’s like to ac-

ART ‘I[' ~ tually live with the sysiéms. Based on final reperts and iriter-
INL "RBe - yiews with grantees, this section is an atfempt [0 highligh? the

"FE I'INOLOGY lessons letrned in the field. Because each technology has its own
| - potential priblems; edch section is unique to that technology.

™~
Q
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Aruitoxt provided by Eic:
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. REVIEW ° But all of the informdtion is based og the day-to-day experiences
¢ VAR , of power producers.and should be.of valué to anyone consider-

[ S

- ing a similar system. | Vo -
R oo . . - Tt
- “’ * I’ » .
. y o, . he - B
’ . <y ’ T
- e - X WIND -
ot ' ' ‘ﬁ ‘v S i . ’ ' :
o . ' ' o ] ’J”‘— ' Wind miichines, or windmulls as they
- v : ~ are still often called, have played an

‘ v, . —— ‘ : important role in the electrification of
A ‘America: Even with the growth of unlity
) : ’ : o cempanies, which provided electricity (o
city dwellers, farmers still relied on the

e
Cos
s,

provide a limited amount of electricity for
" their homes. In 1935, windmills began o
. disappear *from the American landscape

‘ 3 . as the Rural Electrification Administra-
Vo tion (REA) helped bring cheap, utiliry-

)f . generated electricity to rural residentst.

B ' But as electricity prices have increased,
Americans are again {urning to wind
power. And as the technology advances,
wind power in certain locations hecomes
more promising as a reliable source of
electricity for both large-scale wind farm-
ers.and the average homeowner.

The key, of course, is the right loca-
tion. Knowing the wind resougces that are
available—or not available—at your par-
ticular site will make the difference be-
rween having a successful wind-generated
electrical system and just “‘an expensive-
lawn ornament."’

O
'-"-‘
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Rules and Regulations
for Wind .

Federal regulations usually do not ap-
ply to home-sized. wind machines, except
in certain locations. For example, the
Federal Aviation Adnunistration (FAA)
may have certain requirements if the wind

proposed tower rises over 200- feet. The
Federat Communications Commission
(FCC) would also have jurrisdiction if the
wind machine ‘causes any interference
with radio or television reception. In ad-
dition, if the tower is to be anchored
within the high water mark of a river, the

”Iff_’;le wind doesn ’t b[OW}’O}U‘ hat 017‘ when )’OU alk Army Corps of Engineers will need to be

Technology Review: Wi_nd

. consulted.
oul the door, forget wind systems. ”? State and local regulatjons are usually&k
—— more important with wind machin%

6 .o 11
- L 2

power of the wind 1o pump water and (0 f-

system is built near an airport or if the

LN
/,

-

~
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~ actual wind ¢

first conswderation in urban and suburban
areas 1s zomng - A common reqairement
is that towers be aited so that il *{all,
(h() will not Jand on a neighbos prop.
erty. Other tocal regitlations ¢an prohibi
structures over certam hewghits or require
that they be approved by an architectural
‘board for aesthetic standatds. Also, state
ahd local c!cunml and bulding codes
will apply. | 7

Obviously, restncting a wind macline’s
height and placement can senously affect
its performance s it’s good to know be-
fore proceedmg 1if such regulations apply.
Some grantees workgd sucgesstully with
local officials to obtain variances for their

. wind mac hincx others cnhs((d the sup-

port-of nmg,hhous to help change regula

nons that prevent the optimum plmcmcn(

of a wind tower ’
'y

- . Rgsources | - ';‘

Mzuny wind machine owners c\pmss((l'
disappomtment  with
because they dwdn’t adequgtely mefisure -
the windl resources-available at theis sife.
One gmn(ﬁ‘ commented, 1T the wind
doesn’t blow your:yfoﬂ whcn “m w#
out the door, forge® wind systenys.”" This
comment nfty be slmphsug' but it does
reiforce the importance of g Hou
have suffacient resburces befof€ investing
in a wind maching,

Some wind experts ruommcncl meas-
uring the wmﬂ"?tsouru;fa( your site for
five years, 0(hcr§ recommend (hrec’ (

for the average homedwner, monit¢ ng
the wind speeds twice a day for one year
should -be sulficient. However, wind,

speeds for one year can be off +307per-
cent from™ long-term averages so these
numbers shonld then be compared with
wind daka collected at the nearest weather
station. .
By comparing data collected at the site
with long-term data collected nearby, it is
possible to shorgen the collection time.
However, the Ifss you know about the
nditions at the site, the
more you leavg to chance when installing
a system. Repember, too,, that wind
measurerments Yhould be tgken at cach
site being considered and at a height com-
pnrablc‘p the proposed tower.

What consttutes a gbod site? The first
criteria, of course, is ghe availability of
adequate wind. It is, however, possible (o
have good wind resources and a good
machine and sull not have a good site.
Ideally, the wind machine should be
placed as far-as possible (at least 300 feet)

M from obstructions that can stow or create
turbulence in the path of the wind and/or
at least 30 feet above any obstacle to mzv(-
mize the energy potential.

How much wind is enough? One grant-
ce recommends that winds average at
least 12 mijega per hour before a wind
system i wsidered, while another

Q
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“type of machine, and

o lxva/uatuzg the Wmd

(hem, systems A

. - 4

tccommends 13 miles per hout. One sigfe
tnergy officer yecommends an averppe
wind speed of BEor 1S nnles per honr. As
one enargy consultant pomts out, average
wind specds are just that, averages be-
tween. extremes . He recommends having
at least 12 to 18.miles per hour “power

Cwinds™ on a weekly basis if umsldumg a

wind system:

Obyiously the amouht of wmd necded
15 open 10 lnlcrprcmnm;. and depends on
speaifics such€w, wind  (urbine design,
cnergy  usd, “requircients,  the
cost of alterna
tives. A good rule to rdwember when
calculating the potential of yos® site is -
that the power of the wind is diree
pertional (0 the wind speed cubed.
Bxample, a 10 nules per hour wind (10 x
10 % 10 = 1000) has 8 times more powel
Ah;m_ a 5 miles per hour wind (5x5x 5 .

stora,

. Ject to damage.””

o
- 125). The higher the wind })ccd. the
predter  the  possibibty  of - generating

hable amonnts of cleaanan. A 2 o 3
nnlcs par hour datterence m wind speed

can have a nm]n!lmpm.( ON your systenn’s
output and overall efficiency.

Wind’ Machine -
Mainterntance” .
I |l\g an automobile, wind machines re-
quire regular mamtenance. This can be as

rontine as changing the oil and greasing
the bearings, to checking the braking

a1

“mechamsm to be sure it’s functioning

properly. And then there are the unex-
pected repairs. As one grantee cagtionied,
“Remember, tliesg are heavy matchines,
operating at high“speeds, and they're sub-

But unlike an automobile, which can

'Rc)member these-ave heavy machme? Opemrmg at -
hrgh s*pee’ds‘ and they’re subject to damage I

’ o~

{

il y JSarmers shill rely on the
pom-rof the wind g0 pump
water.

This 20-kilowatt wind turbine
in Lincroft, New Jersey has
been plagued with down-
time. The owners of the
machine refer to it as a very
beautiful but very expensive
lawn ornament.
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The first critexion of a good wind site is
the availability of wind. The wind
machine should also be placed as far as
possible from obstructions and/or at least
30 feet above any obstacle.

be taken to the shop, theswind machine is
perched atop a 40- to 100-foot tower
which can be very dangerous to work on.

1If you like to tinker with machines and

are not afraid of heights, this cautionary
note should not present problems. But
non-mechanical, land lovers should be
prepared to spend money to hire trained

“personnel to maintain.-the machine. As

onc grantee pointed “out, people under-
standably charge a lot of money to climb
wind. towers when perfornting even rou-
tine checks.

Towers
A main function of the tower is to posi-
tion the wind machine in the path of the
wind. Like wind machines, there is a vari-
ety of towers to choose from and it pays

to do your homework. It also pays to en-

list the help of an expert in selecting and
installing the tower. When investigating
which tower to buy it will help to keep the
following in mind: :

e Height. Remember, there is usually
more wind-available at 100 feet than at 40
feet, so a taller tower may be a better in-
vestment than a larger wind Mnc.

8 .
&

‘e Accelsibility. Some towers are de-
signed fp be easily raised and lowered so
that regairs can be made at ground level.
This fefture may be worth the added cost
if you fre reluctant to climb the tower.
o Strghgth. The tower must be designed
ithstand the severest wind ever
recorded in your area, and then some,
Just because winds haven’t reached 100
miles per hour in over 50 Yyears doesn’t
mean it can’t happen again. The tower
-should also be galvanized to prevent rust.
o Safety considerations. Nothing attracts
attention like a wind machine tower, so it
should be fenced off to keep people,
‘young and old, from climbing on it. 1t
should also be grounded. Be sure these
costs are included when estimating the
verall economics of the system.
lgnufucturer’s recommendations.
0] ind machine manufacturers
recommend that their wind machines be
installed on a certain kind of tower. In
fact, some manufacturers won:t guaran-
tee their machine unless it is installed on
an approved towur..Be sure ta, seriously
consider a manufacturer’s recommenda-
tions before deciding on a different kind
of tower. -

-

Wind machine towers should be fenced .
off to keep people, young and okd, from
climbing on them. ‘

Shopping for a Wind
Machine «_

Because there are so many‘winc\ ma-
chine designs available, and each appli-
cation is so site specific, the most impor-
tant thing to do is to learn all you can by
researching the various designs and talk-
ing to as many wind machine owneys as
possible. Remember, you’re planning fo
invest thousands of dollars in a system
that you expect to perform under certain °
conditions. Don’t learn the hard way, by
investing in a machine l[\at is inap-
propriate for your needs. Learn all you
can before investing.

While researching the various designs,
also investigate different manufacturers
and-their products. General questions

_thal should be asked of all manufac-

turers include:

.How long has the company been in
business? While new, promising tech-
nologies and companies should not be
overlooked, their lack of experience
should be weighed agaipst companies
with successful track records. *

What is the machine’s warranty? Ob-
viously, a company that stands behind

B 13 -
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their machine for five years 15 preferable
to a company with a one yer guarantee.
Fwo' year warranties should be consid-
cred a mummum Also, s the company
bonded?

Whal is the machine’s recorded down
tune? Some machines have been known
10 be down as much as 70 percent of the
tine. .ooo"

Is there an owner’s manual of trouble-
shooting guide and/or is there someone
nearby who “is authorized to maintain
the machines? It not, be pr’épnrcd 1o hve
with. downtime unless you're a good
mechamic. If you're not mechanically in-

The system.

Khnzman's system includes an eight-
bladed, twin-rotor wind generator,
mounted on a 3-inch sigel pipe mast. The
tast is implanted in the concrete garagd
floor and extends a total of 50 feet in the
air. The mast is secured with a four-poimt
guying sysign (Figure 2).

The grantee designed his wind system
to allow for both utility interconnection
and battery storage back-up. When the
system is producing more than hisdhouse-
hold requires, excess electricity is sold 1o
the utility. When the wind dies down and
the system is no longer producing, Klinz-
man draws from the ten-Battery storage
system which is connected to a DC-10-AC
mverter. Klinzman estimates that with

.

conservative use, the batteries can pro-.

vide five days of electricity.

‘Problems encountered.

.

n designed his wind
for all contingencies
y with all regu-

When  Klinzm:
system he planne
except one: time to ¢

lations. Fromn the initial designing of the .

system to the final interconnection with
the wtility it took two years for the systen
to come on line.

The greatest delays came in complying
with all the necessary permits required (o
opcrate a wind systein, The grantee’s first
application for a building permit was re-
jegsed due to a local planning regulation
prohibiting wind systems on ail lands

chned, another important question s
whether or not service contracts are
available.

Are spaie parts readily avaslable? Wan
mg for spare parts can limit a n?ﬂchinc's
output and it’s cost-cffectiveness.

What art the machine’s design specifi-
cations? Knowing. the wirfd machine’s
power output, survival wind speed, type
ot control system, performance data,
mterface  requirements, and* auxiliary

clectrical  equipment- requirements  will’

help you evaluate a potential machine.
What are the names and addresses of
individuals in your area who own simflar

55 e :
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other than agn’éullural. This rule could be
waived by .applying for a “‘special excep-
tion'" which required a new survey of his
property, a list of all property owners
within 300 feet, maps and drawings of the
system, and four public town meetings.
The additional cost of this procedure in-
cluded a review~and signature of his
drawings by a professional engincer, a
$120 fee for a new survey, and a $100 fee
for an issuance of the special exception.
In addition 10 the special exception, a
variance was required. to allow the tower
10 exceed 35 feet in height. The variance
required the same documentation as the
special exception. The grantee also had 10
prove that the tower would withstand

machines? As, one grimtee commented,
nothing sells & wind machine better than
someone who owns one, and s happy
with at. )

One final note: When, and 1f, you pui
chase a wind machine (o1 any other
clectricity-producing  system) heep all
your recaipts and a record of mainte
nance and repairs. Mamntaining thorough
records will lelp it any problems should
anse with the machine and, again hke an
artomobile, they could be nvaluable
should you ever want 1o sell the system.

an's, d0mble-rotor wind machine stands as'q
fatingSysiems are-possible in residential

providing the .
R LRSS ‘.‘.\‘ .,\,\Ql AR

o i

!

winds of 120 miles per hour and, if it did
falt, that it would land on his property.
To meet these requirements, the system
was redesigned and additional drawings
were presented for approval. Costs in-
cluded a $50 fee for the variance, a $35
fee for the building permit, and a $60 fee
for the engineering survey. The grantee
could have avoided redesign costs kad he
fully explored the permit system before
beginning.

Once the local permits were acquired,
Klinzman began negotiations with the
local utility. Again, the process was more
time-consuming and costly than antici-
pated. Drawings had to be approved by
an electrical engineer (a $250 fec), the

&£
- Klinzman’s wind machine stands as a constant reminder that .

*  wind systemns are possible in residential neighborhoods.

Photo by Todd Lantz Mcinturf
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system had to be a;;provcd by the county
and shown to meet code (electrical per-
nut $20), and the giantee had to add
$300,000 hatlty coverage to Ins home-
owner’s insurance. In addition, the utihty
company required the installation of a
special méter dnd lock (at a cost of $100).

Because the grantee plans to sell clec-
tricity he is classified as a private utility by
the Internal Revenue Servace, and there-

wm . ) "‘ _-."'.:.:
Roof flashing around mast
Wire clamps and shackles "
Wind generator S
* Labor and materials - :

10 batteries @ $320 each
Electeical equipment

“If you can affa?zi it, it
makes a lot more sanse to
have the system installed.
It will save you a lot of
frustration.” |

K0

fore any mcome from electnaty sales
must be declared. For that reason, Khns
man 1s lobbying the public service com-
mission and s utility to accept a smgle
m&ering system. A meter that runs back-
wards when Klinzman 1s feeding surplus

electricity into the utility grid-would serve

a two-fold purpose: the grantee would no
longer be considered a seller of clectneity
and the monthly charge for the utility to
read his extra meter would be eliminated.

Grantee recommendations.

1. Use utility inferconnection as your
storage system. Unless a residence is lo-
cated in an isolated area without utility
service, Klinzman does not recommend
battery storage. Interconnectioh saves the
cost of the batteries and the bother of-
maintaining them.’

2. Investigate’ metering options. If util-
ity interconnection is being considered,
first investigate all of the mectering op-

nons available. Some aje detinitely more
cost effectiver than others.

3. Investigate equmpment and  equip:
ment manufacturers Althoygh the gram
ce’s machine 1 working well, the manu
facturer has not tesponded (o spealfic
guestions about the machme, theretore
mamtenance and repair service nught be
difficult to obtamn. The grantee also had
touble with a DC-to AC inverter winch
reportedly blew out s television, 1V
cable converters, and microwave oven.
These problems may have been avouded
with more research into the equipment.

4. Be prepared for lengthy delays,
both” in the permitting process and in
cquipment dehvery.

S. It possible, have the wind system
professionally designed and installed. In-
formation on various systems 1is often
unavailable which means that the novice
will have to spend considerable time in
tracking down’ the necessary resources.
““If you can afford it, it makes a lot more
sense 10 have the system installed. 1t will
save you a lot of frustration,” according
to Klinzman.

FIGURE 2: Klinzman's System
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The !olfc‘)%mre selected grant projects from the DOE AT Small
Granls Program relating lo wind systems

Vic's Moblil-Arc. Inc DOE Contract No. DE-FG48-80R801398
Lafayette, CO . ATMIS ID. CO-80-012

A utiity-nterconnected wind machine was designed and con
structed by the grantee The grantee estimales that the wind ma-
chine provides at least one-half of his household's annusal electrical
‘needs and all of his elecincity in the winter

Granby 4 H Club DOE Conlract No DE-FG41-80R110365
Granby, CT ATMIS ID CT-80-007

The grantee installed a small wind generator as part of a demon.
stration project on renewable energy technologies In spite of a good
location and a 100-foot tower. the grantee concluded that the wind
potential at the sile 1s not adequate.

Dawvid Racine
Rehoboth Beach, DE ATMIS ID: DE-~79-006

A small wind eledtric generator was instailed at the grantee's
home to provide radiant electric space heating The grantee reported
problenis with machine noise and machine mamnienance He recom.
mends passive and active solar heating as a costeffectivé alternative

DOE Contract No DE-FG02-79R510109
ATMISID. IL-79-010

Evanston Environmental
Associalion
Evanston, IL
A 4-kilowatt wind generator was installed to test wind machines in
urban environments Power is soid directly to the local ulilty An edu-
cational program was also implemented.

r

Donald Fluhrer DOE Contract No. DE-FG47-80R701107
Charles City, IA ATMIS 1D: 1A-80-~008

The grantee installed a 10-kilowatt, AC wind generator on a
100-foot, fold-down tower to circulate hot water to several farm build-
ngs In 18 months the system generated 20.879 kilowatt-hours of
glectncity, of which 9,737 were fed to the utility.

DOE Contract No. DE-FG43-79R306052 -

Photo by Todd Lantz McInturf

DOE Cantract No DE- FG43-81R308068
ATMIS ID MD-81-007
A wind machine was installed to heat water in conjunction with a
solar hot water heater. Excess power 1s fed 1o the local utility Several
problems with the wind machine were encountered -
r

Josyth Mills
Jarrettsville, MD

Edward Johanson DOE Contract No DE-FG41-80R110411
Andover, MA ATMIS 1D: MA-80-017

A wind machine was installed on a 98-foot tower at the grantee's
home. Despite the tower’s height, the Jurbulence caused by nearby
lrees resulted in less than anticipated power production. The grantee
recomminds that an anemometer, be installed at potential sites and
at.the proposed height of the wind machine for at least a year

David Amon DOE Contract No. DE-FG02-80R510226
Williamsburg, M/ ATMIS ID: MI-80-604 -
. A 20kilowatt wind turbine was installed at the grantee's cherry or-
chard The system is connected to the local utility and 1s currently
being monitored for power production The grantee estimates pro-
duction of 20,000 kilowalts a year.

Thomas Griffin DOE Contract No. DE-FG02-79R510134
Cannon Falls, MN ATMIS ID: MN-79-006

A 10kilowatt wind generator was installed on a Minnesota farm
Data was collected on system operation and power production

James Miller DOE Contract No DE-FGA47-80R701172
Kearney, NE ATMIS ID: NE-80-008

A wind machine to provide radiant electric back-up heat and
lighting was installed in a passive solar home. The grantee reported
problems with utility interconnection agreements and concluded that
unless a person can use all the power produced, when It's produced.
a wind system is not economioml. !

16 :
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This 4-kilowatt wind generator in Evanston, lllinois was installec
to prove that wind machines can operate in urban environments.
n

WIND PROJECTS Continued

DO Contiact No Dl
ATMISID NJ 79023

Monmouth Museum and fGAr 791050507
Culturat Center
Lincroft, NJ
A 20-kilowatt wind turbine was mistalled by the grantees Low tower
height (40 teet). poor siting and excessive downbime have con
tnbuted to the machine’'s powe produchon

willaird hoads - DOF Contract No DU P42 791205011
Rochester, NY ATMISID NY 79-006

The grantee designed and canstructed 3 12 kitowatl wind maching
which was mslalled at his home The plowcl\()‘emqn ingludes a large
bhattery bank for storage !
7
1 ot Whitesides DOC Contract Na DE G444 8oRa10212
Lincoln. NC ATMIS NC-80-001

A duect curfent wing genetrator was designed and mstalled (0 pro
vide supplemental power to#e grantee’'s home The system mcludes
heavy<duty commercial battenes for storage

Raymond Miller DOF Contract No DE FGO2 791510147
Cincmnali, Ol ATMISID OH- 79 011t

The grantee nstalled a 4-klowall wind maching on a 60 foot
folding tower 1o supply power 1o a residence Fxcess powet 1s led to
the lacal utilty The wind machine has expenenced considerable

downtime
Cﬁ Kohnng ' DOE Contract No DF ~FGO2 -80R0102242
Hamiton, OH ATMIS ID OH-80 001

A utility interconnected. 1 8 kilowall wind maichine was installed at
the grantee’'s farm The machine produced a net of 450 kiowatt
hours over a td-month penod, with winds averaging 52 miles pet
nhour The grantee stresses the impottance o! collecting sutficient
wind data

Jerry Rosenthal DOF Contiact No DE-FGA3-79R306 104
tomsa, VA . ATMIS 1D VA-79-003 >
A wind powered 1rngation system was installed on the grantee’'s
farm with excess energy sold to the local utility A zoning vanance
was required to construct the tower and the wind machme has been

subject to vandalism.

DOE Contract No DE -FGb1-79R000070
ATMIS ID WA -79-011

White Mountain .
Cooperative

Wauconda, WA .
Ten horizontal axis wind machines were installed and tested at

various sttes in a small community Twelve-volt deep cycle batteries

were used for electrical storage ) .

12

DO Contract Na DE - FGA8-81R808004
ATMISID WY-80-008

The granteo installed a 1500 watt wind machine which 1s intercon
necled with the locat utility In spite of wind speeds averaging over 13
miles per hour, the grantee doubts that his wind machme 18
economical : ’

Cart Brown
Casper, WY

DOE Contract No DC-FG48 81R808001
ATMIS ID WY 80 002

floger Peterson and
and Josephine Porter
Cheyenne, WY
A wind energy system was designed and installed for a passive
solar house 0 an oft-gud location Because of maintenance problems
with the wind machine, the grantee plans to expand his system-using
photovoltaics
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MICRO-HYDRO

8

ry hydro facilities accOunted for more

Fowing and falling water is o;e of the
world’s oldest and maost common sources
of energv. At the turn vf rhe century
hydro facilities-accounted for more than

half of all electricity being generated in

the United States. Although this percent
age has fallen off considerably, the inter-
est in hydro potential is still very rmich
alive. -

This interest is particularly great in
“micro’’ hydro systems that produce up
ro 100 kilowatts of electricity and espe-
cially those thar use high-head, low-flow

streams. For indlviduals who are Mor- .

tunate 10 have streams flowing Jhrough
their property, hydro systems can be an
economical and efficient source of elec-
tricity, often providing all of the house-
hold's electrical needs. Micro-hydro
systems can be designed to fir a wide
variety of streams from a Jast-moving
creek (o a lazy, meandering river and in
many instances, stream disruption due to
a micro-hydro installation is minimal.
However, as more and more small hydro
systems are constructed, fish and wildlife
agencies are exarnining their [‘)orenn'al
cumulative impact on a stream’s habirar.

than half of all electricity being generated in the United Stares.
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Rules and R(’gulmions for
Micro-Hydro

~

'
Just because you live adjacent to a

stream ot river doesn’t necessarily mean
you have the right to dam it up, divert i,
or ¢ven use the water in any form. For
unhke the wind, which is relatively free
for (he taking, water is protected by many
rules and regulations that cither limit or
prohibit its use. Obviously, it’s important
to know which regulations apply before

ainvesting in a micro-hydro systeny,

The Federal Energy Regulatory Com-
mission (FERC) issues licenses for all
non-federal hydroelectric projects regard-
less o¥size if:'1) they are on federal land;’
2) they use water stored behind govern-
ment: dams; 3) they affect navigable
waters; or 4) they affect interstate com-
merce (which would include any utility-
interconnected system). This covers most
potential sites. It normally takes 10 10 13
months (0 obtain a license from the
FERC, despite a short application form
available for projects under 5000
kilowatts. Add an additional year if ap
environmental impact statement is re-
quired.

Exemption from FERC licensing is
available under certain conditions for
systems under 100 kilowatts. For exam-
ple, if your site is located on private land 4
uses an irrigation canal or a streamn that “f?’
not consid®ed navigable, and all power
produced will be consumed on site, it may
be possible to receive an exemption. For
further information, study the FERC
publication, Application Procedures for
Hydropower Licenses (sce Part 111, Re-
sources for full citation).
 If your project includes a dain or re-
quires any riverbed dredging, it may re-

. quire a permit from the Army Corps of

Engineers. Also, if any of the project
crosses federal land, additional permits
will be required.\__,

Several different state and local agen- -
cies may also have jurisdiction over a
micro-hydro project, ranging from envi-
ronmental and fish and wildlife agencies,
to state historical societies, tos-local build-
ing or zoning commissions. In Massachu-
setts, for example, 4 large number of
agencies may have jurisdiction over
micro-hydro projects including: the
Massachusetts Environmental Protection
Act Unit; local conservation commis-
sions; the various divisions of the Depart-
ment of Environmental Quality, in-
cluding Wetlands, Waterways, and Water
Pollution Control; the Department of
Enviropmental Mafiagement; the Mas-
sachusetts Historical Commission (to
protect historical and cultural resources);
the Massachusetts Department of Fisher-
ies, Wildlife and Recreational Vehicles;
the Office of Coastal Zone Managentent;

13
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and even the Department of Food and
Agniculturce. -

Obwviously, even a snlnll hydro project
can involve substantiad, 4ud¢ consuming
paper work, s0 1t’s best to gtart cnrly\??nd
plan for potential delays. Qne grantee
maintains that had he understood the
complexities of the pernmtting system he
“nmght not have undertaken the project
at all.”” He recommends planmng on at
least two years t0 process the necessary
penits, although he believes that. ““these
processes can be streamlined as more ex-
perience is gmncd on the pirt of govern

ment agencies.’ .

Evaluating the Micro-
Hydro Resources

The power production capability of
any hydro system relies on two essential

_vaniables: 1) flow, thc volume of water

available in the streambgd (usually meas-
ured n Lubu feet per second), and 2)
head, the vertical distance the ~water
drops (mcasured in feet).

Flow. Unless your potential site is on a
stream or river where accurate flow
records have been recorded by the U.S.
Geological Survey (USGS) or a local
agency, you should plan an _spending a
good deal of time measuring the streafn’s
flow. Mcasuring flow once a weck for an
entire year is not unreasonable consider-
ing the size of the potential investment
and _the sysfem’s expected performance.
During this time you need to assess the
quality and quantity of the stream’s flow,
the duration of high and low water, and
the strean’s dependable average flow.

But even after a year, additional infor-
mation will be needed. One grantec meas-
ured his stream’s average flow at 6 to 8
cubic feet per second, constructed a
system, and has since had two consecu-
tive years with stream flows averaging 3
to 4 cubic feet per second. So once the
measurements are taken it’s important to
find out whether you measured during a
wel year or a dry one. To find out, con-
tact the USGS or local monitoring agen-
cies for long-term flow rates for a nearby
stream or river and compare your figures
wish theirs. For example, if the nearby
streaun was 30 percent below average for
the year you measured, chances are your
stream was also approximately 30 percent
below its Ion} term average. Using long-
term data for a nearby stream will also
enable you to identify high and low water

trends which,will give you some idea of

what to expect in the long term.

If stream flow data is unavailable for
nearby streams, talk (0 as many people as
possible who are familiar with the stream
to find out how high it has beep over the
years and, just as important, hdw low.
The more you know about the Iong-lcnn
characteristics of the stream, the better

14

cqupped you will be to design an effec:
tive micro hydro sysfem.
Head. You ialo nced an  acourate
assessment of how far the water diops
vertically between the soutce of collection
and the turbinge site. This can be done
using lopngn;}icul maps, photographic
surveying techfques, or an alimeter but
n most cases these tools will only provide
you with a prehminary estimate. For an
accurate assessment of the head, survey-

ing cquipment shoutll be used. Unless

you know how to use this equipment, it 1s
a good 1dea to hire a surveyor.

Net head. Whenever pipe is wsed to
transport water, some head losses occur.
A common-mistake is to efther underest-
mate or ignore these lossgs, resulting in a
hydro system that is wnproperly sized.
Any reputable pipe manufacturer or sup-
plier will be able to provide you with the
pipe sizes and friction loss information
for " your particular flow conditions.
Don’t forget to account for these head
losses (including losses from pipe bends
and valvci) when sizing your system.

Maintenance of a Micro-
Hydro System

If the intake structure is properly de-
signed, sediment scttles out before enter-
ing the system, The trash rack is designed
to screen out leaves, rbeks, and other
debris, reducing system maintenance to a
minimum. Still, like any mechanical
device, the turbine should be kept clean
and the shafts and bearings lubricated ac-
cording to the manufacturer’s recommen-
dations. The mechanical system should
also be routinely checked for signs of
unusual movement Or wear.

Wheneverapape is used to transport water,
some head losses occur. A common mis-
take is to either underestimate or ignore
these losses, resulfing in a h ydro system
that is improperly sized. )

LA
Weather and scasonal changes can also
affect  system  maintenance.  Routine
seasonal  tasks clude cleamng  debris

from the tash rack dwmg the spning

Junoft, cleanng leaves trom the rack m

the fall, and clearmg ice n the winter to
prevent blockage of the intake

Dams and Impoundments

E]

Generally speaking, a  nucro-hydro
project will be casier to construct and
obtain penmits for if stream disrup(ion 1s
kept to a minimum. Many successful
small hydro systems avoxl using dams,
ang instead take 'ldvanlage of natural
pools or backwaters for siting the intake
structure. Others have maximnized the
usefulness of natural pools by nddmg a
sunple diversion.

But in some instances small (I.lms \Vl“
be necessary to maximize head or to pro-
vide storage. A word of warning, how-
evér. There is more to building a dam
than piling up a wall of rock. One grant-
ce, for example, chose a rock-crib dam
because -he assumed it would be in-
exfensive and easy to construct. As it
turned out the process was ®xtremely
labor intensive and time consuming. In
retrospect the grantee reported he would

opt for a concrete dam, in spite of the’

extra Cost.

“These processes can be
streamliried as more
experience is gained on the
part of government
agencies.’’ )

>

Routine seasonal tasks include cleaning
debris from the trash rack.
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The system.

Drabick’s  system consists of a
4.75 mch Pelton wheel lurhincfdir(‘tll‘y
mounted to a 1500-watt induction gener-
ator. Both are housed in an 8- by 12-fpot
wooden shed. Water is fed into the
system through a 4-inch diameter PVC
pipe, or penstock, which is buried
underground 2- to 3-feet. The water
flows a distance of 1700 feet from a first
intake, and a second intake was added
1700 feet from the first intake to test the
difference in power production. Both in-
takes are covered with wire mesh 1o keep
debris out of the system. When water
rcaches the turbine it flows into two
2-inch nozzle feed pipes from where it is
directed to the “2-inch nozzles. Depend-

ing on the brook’s rate of flow, the

water can be directed to either one noz-
zle only or it can’be split and directed 10
two nozzles, almost doubling the sys-
tem’s production (Figure 3).

Problems encountered.

Drabick ordered his penstock in Oc-.

tober, 1980. E,.\pccling delivery in early
November, he began excavating the
trénch. Within four days of completing
the excavation, the. penstock materials
arrived, but without the needed glbows
to make the connections. While waiting
for the connectors, Drabick began to
work on the turbipe house which was
completed December 1. On December 2,
tht penstock elbows finally arrived, but
* they were too late; the
snowed in. At this point all he could do
was wait for spring. :

Unfortunately.-when spring arrived,
the trenc)yw%sy:iestroyed. “What was
once a smooth, loam-filled trench was
now a washed-out, rock-filled chasm,’’
Drabick reported. -

Lining the trench with hay to protect
the pipe and removing the large rocks
and boulders” by hand took several
months. Laying the pipe took additional

- (e as.erosion ate away at the pipe

bedding.

/

-

trench was ,

With so many hours already invested,
Drabtck hired a bulldozer to do the
backfilling. I started at the turbine
house gnd worked its way up the hill.
Hﬂlfwalg‘up it got bogged down in
swampy ground, tried to free itself, and
crushed several pieces of the pipegn the
meantime, winter had once aguiﬁcnlcd
n so rcpx\irs were delayed. .

In the "spring, a I5-foot path was
clearcut around the swampy section of
land to permit access 1o the site for the
bulldozer. Although the bulldozer still
had trouble, the riew trail and an unusu-
ally dry spring made the job easier. The
excavation work was finally completed,
two years after the project had begun.

rabick’s original design called for a
9 diameter Pelton wheel to belt-drive
a 2250-watt generator. During the excava-
tion delay of 1981-82, the grantec installed
a temporary intake structure and tested the
system’s efficiency using several different
nozzle sizes. The system worked, but ngver
reached efficienci®s above 35 percent.
There are several theories to accoint for
the system's inefficient performance in-

‘i : - N : Mark Drabick, owner of Homgstead Energy Systems, Inc.,
' L Y ' has joined the growing number of individuals and small
: U D businesses that are successfully developing small hydro sites.

, ST sWith his background in small energy development, Drabick

' ASE N ' understood and followed all the proper steps, from accurately
C . measuring his stream’s head and flow to filing for the:proper

| | permits, but for various reasons he still experienced cos(ly

Mark Drabick . delays. Despite the setbacks, however, Drabick maintains that

Orford, NH- - with_proper planning antl ‘undeistanding of the resources at

, DQE Contract No. hand, a successful micro-hydro system can be installed ‘with
DE—FG41~80R110382 -minimal problems, resulting in a spstem that will_be alnmost
ATMIS ID: NH-80-008 maintenance ftee. . 3 - |

cluding: the generator and/or the turbine o
were oo large for the available stream .

flow; the nozzles were improperly de-
signed; or the system efficiency was over-
stated by the manufacturer.

Not satisfied with the performance,
Drabick used the delay to design, build,
and install a new, smaller turbine and
generator. The new system has now been
on hne for more than « year, with .re-
corded watego-wire efficiencies of up to
50 percent. .

Initially Drabick’s utility interface situ-
ation was also problematic. The estab-
lished buy-back rate in New Hampshire is
7.7¢ per kilowatt-hour which Drabick as-
sumed he would be paid. However, the
grantee’s local utility, a cooperative, has
no generating capacity of its own and
buys all of its power. Therefore, they are
obligated oty 10 buy power at their
avoided cost, which was around 3.5¢ to
4.5¢ per Kilowatt-hour in 1981. The two
parties considered several options:

Option 1. The co-op would -transport
the power through their lines from the
grantee’s generator to the co-op’s power

1
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suppher. The co-op would not charge for
this service, and the’ second unlity would
buy Mabick’s power a7 7¢ per kilowatt
hour. However, lhls arrangement  r¢
quired an expensive magnetic tape meter-
ing system. .

Option 2. The co-op would buy all the
pawer for 4¢ a kilowatt-hour.

Option 3. The co-op would allow "'neg
cnergy billing,”” which means that the
grantee’s meter runs forward when le's
using the co-op’s electricity ang back-
wards when he’s feeding excess electricity
to the co-op. With this arrangement, the
co-op does not pay for any surplus clec-
tricity it receives. The co-op and Drabick
settled on this option.

Grantee Recommendations.

The grantee sums up HMis experiences
this way, ‘‘After two years of hard work,
Homestead Energy Systems, Inc. finally
has an operating micro-hydroelectnic
plant that it is pleased with. However,
getting there wasn't casy.”” From his ex-
perience, Drabick makes the following
recommendations:

1. Before investing in any hy(fro proj-
ect, individuals should Thoroughly inves-
tigate site hydrology, topography and ac-
cessibility, soil composition, boundary
lines, water rights, permits réquired, local
weather problems, financing, and avail-
_ability of equipment.

“After two yvears of hard
work, Homestead Energy

‘Systems, Inc. finally has

an operating Mmicro-
hydroelectric plant that it
is pleased with. However,
getting there wasn’t easy.’’

2. Read everything you can find on the

subject and talk to someone who has

done it to sec what's involved. There’s
nothing like experience to help you avoid
tostly mistakes.

3. Always place your intake structure
and turbine house to maximize head. As
the grantee explains, ‘‘Every inch counts.
We gave up 30 feet to make our turbine
house more accessible. Now we wish we
had developed that extra 30 feet.”

4. Make maximum use of your re-
sources. Drabick designed his system to
run year round and provide base load
power. But, as he points out, $15,000 1s a
large investment forase load power. For

$20,000, he could have had a system
capable of producing five times as much

- electricity, even though it would nvt be

operable durmg the sumimet
5. Size your penstock accurately. ki

tion loss through the pipe can be devas-

tating to any hydro project. Drabick
estimates his system loses ohly 2 10 9 feet
of head depending on flow. On low-head

. systems a loss of even a few inches will

result in a loss of power. .

6. And finally, remember . these
systems can be expensive. But, according
to Drabick, if you do your homework,
and do it right, you will be rewarded.

fu
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“What was once a smigoth, loam-filled tréench was névv\'

a washed-out, rock-filled chasm.*’

Drabick 's system consists of a 4.75
- directly mounted to a 1500-watt in

AY

inch Pelton whee{ turbirie,
ction genera!or
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The tollowing are selected giant projects from the DOE AT Smalt
Grants Program relating to nucrohydro systems

Bobby Kennedy DOFPContract No DE - GA4-81R410478
Gunterswille, AL ATMIGSID AL 81 Q0

A Polton typs impulse turbine with a speed responsive governot
was designed and constrycted by the grantee A general booklet on
micro hydro power was also produced

David Inouye DOE Contract No Db ~-FGA8PR800434
Crested Butte. CO ATMISID CO-79-005

A small-scale. hydroelectne power plant was constructed at the
Rocky Mountain Biological Laboratory using equipment purchased
from varnous manufacturers The plant uses a water source that also
suppheg domestic water supply for the laboratory to power a Pelton”
wheel tdibine A maximum of 7.5 kilowatts can be generated. supply-
ng electncity to the laboratory’s dining hall tor Space heat, cooknqg.
and hot water

Neil Seilz DOE Contract No RE —F(mﬂ--BOHBO!OOS
Villa Grove. CO ATMISID CO-80 13
A 30 kyowall Pelton turbine niicro-hydro power systam was in
stalled on a stream near Villg Grove. CO The ingtalled system cost
was around $2 37 per psak wall Among the problems encountared
dunind) the pyoject were pipe failure, a hertzmeter that failed immed:-
utels‘: and a loud Pgiton wheel that was mutfled by instalfing a'prece of
steel 10 softem the mpact of the water« ! .
OE Contract No~Bt - FGO3 - 78R901942
012

Verne T?ostle
Molol\m_ Hi

. WISID HI-7
el ntee installed a small hydrpele nG system at his remote
farn#On the island of Molokai. HI. Walter frém a spuyngfed pond s

channelled through 2,000 feet of {2 1mch RYC pipe Water passes
through a 3/8.nch fire nozzle and driyes a Pelton tughine® which is
chlpled to an automobile generglor Twelwé volt DC current is used
lo power ights, a radio. and for battery, sloragg A 1600-watt tverter
15 used when AC current is required ; ¢ 7 ) l

{loyd Wallace ~ DOE Contract No* DE ‘FG51-80R000452
Sandpoint, 1D ATMIS ID. ID-8@=026 ”

An oft-ghd hydroeleqric system was constricted near Sandpaint,
ID The 17inch diametds Pelton wheel turbine coupled to an alter-
nator produces 3 kilowa®Ns continuously with a net head of 125 feet -
The Pelton wheel was purchased as a kit and the housind was fab
rncated on site. The 2-inch feed line to the turbine reportedly is 100 .
small and the grantee plans to replace it with a 4.nch feed line

. 3
Suzanne and Robert Kelly DOE Contract %ﬁ DE-FG41-80R110350
tnfield, ME ATMISID ME-8B-009

A 75100t long. 8-foot high. rockcrib timber{dam was cgpstructed
1o store water for a low-head hydroglectric system The waler flows
380 feet through a 15-ihcfg\dlamqte?%ulven to a home-built crossflow
turbine An a(\(,\%mobile cruise contrbl was modified to control the
speed of the_tbine und®r varying load conditions, )
DavidBrown DEE Contract No. D 1-79R 110047
Shutesbury, MA ATMIS ID. MA—79—00?1EZY

A 4-kilowalt,double-impeller, crossflow turbingé and generatot set
was installed at an existing dam site on the grantee's farm. The
system was estimated to prodyce approximately 15,300 kilowatt-
hours per year with a payback off7'% years.

DOE Contract No DE-FG41-80R110423
ATMIS ID: NH-80*-004
Gorham, NH ‘ ’ ] . .

A 1500-watt AC induclion generator coupled to a Pelton impulse-
type turbine uses a head of 202 feet to produce electricity for a‘moun-

¢
Appalachian Mountain
Ciub -

. Philomath, OR

'

-understanding water rights, environmental impact, an

DOL *Contract h&)l FG44 80R410214
ATMISID NC 80 011

A 17 kilowatl nucro hydio plant was installed on L auiel Creek A
15mch Pelton wheel tuins a 30-horsepower induction molor gen
siator 1o produce GO cycle, 220 volt power which s led o the local
ulilty The grantee also momtored 20 stieams Walauga County for
a yeat to determimne annual usable stream flow

HG Ayers
Boone. NC

Begnard Biadach DOE Contract No OF £G44 8OR410118
Marshall. NC ATMIS ID NC-79 081 T

The grantee designed and constructed a low-head hydro systgio
with the help of students The system uses a crossllow furbine »«%
power production of approximately 560 watls at 20 amps  The system
was designed lo feed excess power to the Jocal uliity, however , the
grantee recommends using battenss to have back up power should
the systemy go down -

DOL Contract No DE-T G51-8013000540
ATMISID OR-80-026

Tha grantee designed and constructed a hydio system on a high-
flow. lowhead stream in western Orggod Due 10 stale restriclions »
that required a conctete sill and wooden flashboard arrangement. an
undershot wheel was chosen for its higher efficiency in hugh winter
tailwater The head was 3'2 feet Due lo heavy winter flooding. prob
lems were gncountered with the dam, flashboards, and wheel race
arrangements : '

Thomas Roy

DOE Contract No ‘Dt - FGA48- 79R800462
Jackson, WY ATMISID. WY- 79,004

The grgntee nslalied an 11kilowalt Pelton wheel micio
hydroelectric generation plant ‘in a \gravity fed irngation system in
rural northwest Wyoming The grantee reported the impor

Loring Woodman

amount of paperwork reguired to get a system appyoved by the
proper authonties . ’ 7

*
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because it Was made

. . ol A grantee in Maine chose a rock crib darp
tain hut near Twin Mountain, NH. The electricity powers lights, a

refrigerator, battery chargers for two-way radios, a food warme(.?
beverage water heater, the main water heater, and tempering tank ol ZQO ‘ng
Propane consumption has been reduced by 70 percent One of the . 4 i k
system’s interesting features was the usa¥gl internal baffies to pre-  build the 8% 8x 8-foot cnbs, and fill them—by

vent foreign malerial from causirig premature wear on turbine cups. , hand—with about 4,000 ¢ubic feet of stone. ~
~ /-/ ‘, ‘ - '] .

. 'S 2

of local rock and wood and because the grantee thought it
would be inexpensive and easy to build. It wasn’t easy. The

grantee and about 40 friends had to cut and

ERIC >
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. PHOTO-
VOLTAICS

Photovoltaics are a product of the
space age. Used 1o provide electricity for
space craft and communication satellites,
the technologv has now firmly landed on
the earth. Photovoliaics are clean, reli-
able, and don’t poljte while being used.
In addgon, they are modular, so the
system can be added to as the need arises
and the budget allows. And, because
photovoltaics have no moving pgrts, they
are virtually maintenance free. But prob-
ably the most amazing thing about
photovoltaics is what they do: they con-
vert sunlight into electricity. )

In fact, the only real deterrent to the
technolog\is its cost. Currently photo-
voltaics are expensive, ranging from $10
10 $15 per peak watt. And yetgne gmnt’
reported that, dollar for dollar,
photovoltaic panels produced more elec-
tricity than his wind system. And mmany
predict that photovoltaics will soon be
Sully economical for the average home-
owner, on- or off-grid.

Even as the price of photovoliaics
comes down, hgwever, they will still have
certain limitations. *For example, they
only maké electricity when sun shines,
so at night when you need electricity the
most, the system is not producing. In ad-
dition, they oniy produce DC electricity
which requires either convefting to DC
gppliances (which many PV’ house-

holds have done)- or purchasing an in- -

verter to convert 10 AC. Even with these
limitations, however, the technoldgy has

* been used by grantees in applications as
diversg as powering an emergency radio
station {o electric lights and a TV in a
nemor%ire home.

- Rules and Regulations for
Photovoltaics

" Like any electricity producer, a photo-
voltaic system will need to’ conform to
state and local electrical codes and, if
mounted on the roof, they will also have
to pass Gding codes. Planning and zon-
ing boards fpay also have to approve any
phojgvoltaic system. -

ile checking with the planning
d it's a good idea to find out if any
ti-storied buildings are allowed in
your neighborhood which might block
your access to sunlight. It’s also helpful
to knoy if there are any rules or regula-
tions restricting vegetation. Trees can
quickly grow into as formidablé a block
to the sun as any multi-storied building.
Some States have *‘sun rights’’ dr solar
casements available. 1f you're planning to
install photovoltaics in an urban or
suburban area, be sure to investigate your
sun ri}hts béore investing in PVs.

18

Ll

Technology Review: Photovoltaics

Evaluating the Solar
Resources  —

Photovoltaics will make electricity any-
where the sun shines, so generally any
shade-free site will work. And this is one
technology where the ‘resource informa-
tion may already be gathered for you.
Unlike wind or hydro resources, solar
radiation data which can be applied to
your site is available in basic solar energy
textbooks, through the National Weather
Service, or through your state energy of-
fice. As onqgsolar consultant commented,
“There's plenty of accurate solar radia-
tion data available. ‘The hard part is to
find it.”’ ' ’ :

v .

Photovoltaics are used to power the circulation system

in this* off-grid solar wood dryer.

N

Maintenance of a
Photovoltaic System

Because photovoltaic modules have no
moving parts, they are viftually mainte-
nance free. Panels must be kept clean,
but in most instances an occasional rain is
enough to do the job. One grantee re-
ported having to clear snow from his
panels, but at many unattended sites the
panels gre known to shed themselves of
snow once the sun shines. Routine main-
teniince should include a yearly check of
the entire system, particularly the wires
and connections, and, if thiey are used, a
routine check of the batteries.
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Support Structures

There are many ways to wstall photo
voltatc panels: mounting them ‘on: the
ground, elevating lptm on pole supports,
mstalling them on the side or top of a
building, or using them in place of con-
ventional roofing material. .

Like wind towers, photovoltaic sup-
port structures must be designed to sur-
vive the most severe winds in youg agea.
One grantee designed a support structure
with quick-release clamps so that the
mwdule could be easily adjusted for maxi-
mum solar gain. Unfortunately, the first

day the panel was installed it was lifted _ .

off the roof by gusting winds.

The support structures should also be
designed 1o last the life of the system. For
cxample, one grantee designed an adjust-
able support system based on greenhouse
framing. Made of redwood, the frame is
mounted on 2-inch metal pipes with
clamps which enables the system to tilt up
and down to gather optimump seasonal
sunlight. But becausé it’s wood, the
grantee estimates that the frame may.
have to be replaced in approximately ten
years, depending on weather conditions.
In addition,” should more modules be

added, a new frame will be required. Forng

that reason, he recommends buying from
a manufacturer who also supplies com-
patible metal support structures.

Both thesc grantees found that adjust-
able support structures help maximize, the
system energy  production.  Although
isticated tracking devices may not be
st-effective for
owner, the ability to manually adjust the
angle of the modules of a small array to
aximize its exposute to the sun could

improve your system’s y@#¥ly output by

as much as 40 percent.

Shopping for Photovoltaics

With knowledge of your load and site

characteristics, you shouldn’t have any

problem choosing an appropriate photo- .

voltaic system. One grantee siniply wrote
to évery manufacturer he could find, re-
questing information on panels that
would meet his particular needs. With
prices and specifications in front of him,
he was able to make his choice.

N
/

the average home-

“There’s plenty of ac-
curate solar radiation data
available. The hard part is
to find it.”’ | ‘

J ”

Several grantees commented on the im-
pom\ncg of buying from a company with
a good reputation, and one that will stand
behind s product. A “*good deal” mn the
short term may not be a good investment

Power from the photovoltaic panel (between the collectors) 1s used (o pump warer
- 14e grantee's solar hor water svstem. Manv predict that this will be the first real
cost-¢ffective application of phorovoltaics in on-grid homes.

il

\

in the Tong run. Also, be sure 10 gheck
pancls for good water scaling and for the
avalabihty  of  wantanties  and  usery’
guides before purchasing.

19



‘To accomplish this, Feller installed a D
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ATMIS ID: FX-79-013
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~/Fﬁ'é/system., o

Feller's system consists of 24 modules,
four batteric¥ connected in parallel, and

a Y1 -horsepower DC motor which drives .

the water pump. Water is pumped into a
3,300-gallon storage tank which feeds a
water trou%h by gravity flow. In addi-
tion, there”is a charge controller which
disconnects the photovoltaic panels
from the batteries when they are fully
charged, and a blocking diode to prevent
discharge of the four batteries at; night
(Figure 4). (l_ '
Feller's well can only be pumped
15 minutes at a time, and then needs to
be shut off for approximately 30 minutes
to altow the aquifer to replenish the well.

timer to control the pumping. It is est

mated that the system can
over 1,000 gallons a day. '

Problems encountered.

The major problem the Fellers en-.

countered was finding the equipment they
needed. Ahe original design included a
DC-t0-AC inverter to power an AC water
pump. However, inverter manufacturers
were very reluctant to honor their specifi-

. cations and warranty if an AC motor was

the only load. After encountesmg- this.
problem with several manufacturers, the

system was redesigned to use a DC motor -

which -eliminated the need for the
inverter. }

Waiting for delivery of the DC‘m%or
did delay the project, however. Feller
able to locate seVeral DC motors in cata-
logs, but the quickest délivery time he was
able to secure was more than ten weeks.

Maintenance has been unnecessary ex-
cept for one problem: spiders have made
webs in the tank float switch, These have

20 * -+

‘Although many Americans are beginning to use
photovoltaigs to provide electricity for their homes, the most
-~ cost-¢ffective use of -this technology is still in remote applica-

tions. A good example

A is the PV-powered water pump._which
" * provides water for Werner Feller’s livestock.

'Like many farmers und ranchers, Feller had relied on the

ima,
3,840

. Many farmers ans
pensite, 5

otovoltaic systen

o-phatovo

al LR

vide ‘electricity, ..
to be cleaned out occasionally and the
switch has had to be replaced, but as
Werer Feller points out, spiders would
be a problem no matter what the source
of clectricity. . '

Grantee recommendations.

1. Don't oversize your system, since
you can always add to it later. Becau lit-
-.tle information on sizing was available
when the Fellers designed their system,
they designed it on paper and hoped for
the best. As it turned out, they, are pro-
ducing more electricity than they need.
elter rted that 4#fic had it to do over
agam, he ould probably install three or
four less ganels, and then, if the batterifs
weren’t ‘maintaining a full charge, he
would add more panels.

2. Use DC equipment whenever possi-
ble with PVs, and be prepared for delays
in the shipping of any equipiment. ,

3. Cost has always been the biggest
deterrent to photovoltaics, according-to
Wemer Feller, But even though the initial

-

FIGURE 4: Feller's System

¢

" ““wind to°pump water,”but during the summer months, when
- livestock neéd .the water the most, there is

 farmers and ranchers havé instal ;
summer, byt extending power lines can be ex-

little or no wind.
electric pumps for

eller and his son\Dennis, who designed the system,
hat ‘0 extend power-lines to the well would cost -
340.48] - per ool for 3 mile]

The cost. to install a

e Dhotova taic system (including the fence and control shed)
‘eventually ;cost ‘almost 515,000, but now the Fellers have a
" D fm(u,‘manggance-fme system, which uses the sun to pro-

-,

costs can be high, once the system is in-
stalled it works unattended. And now .
that the price of photovoltaics is coming
down, it's an cven mgre attractive
alternative for ranchers and farmers.
1 jivestock need that water," Feller con-
chuded, **This kind of system assures that
they'll have it.”"

S 'Félir’s Sydein | ‘

Costs

C (Approximate)
Toos = . . $ 164
g(émmrplnd " - .. %
Control shed ; - 300
Water meter

B

24 PV panch (600 watts)
Salaries Sl o )

g
b v

¥

~

- - Photovoltalp

-

Control -~ - D Molor and '
Shed Storage Pump Jack
t 5 -
»
™
-~
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Like any ranchers, Feller has relied on the wind to pump water, but durir‘fg the
summer ménths, when livestock need the water the most, there is litte oF no wind.

Werner Feller checks the DC timer whi
controls the water pumping.

.
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PV PROJECTS -, [/

The following are selected projects from the DOE AT S$mall Grants
Prgam telaling to pholovoltaics

James Schwarber DOE Contract No DE-FG51-81R001341
Fawbanks, AK < ATMISID. AK-81-012 o

The grantee added a 4-module prlolovonmc array‘to an already ex
isting wind system at his remote-sile home The grantee reports thal
photovoliacs are safe, reliable, and. untike his-wind system, can be
left unatiended 1t fso fully complements the wind system’s output,

according tg the grantee : .

This photovoltaic system on 1-70 in Utah is used 1o
power a ﬂm‘)u)hlg’. sign which warns truckers of a
dangerous section of road. To have extended the power
lines to the site would have cast the state of Utah

- *\
Allen Kagel ™ DOE Contract No DE-"FG43-80R302402
Newark, DE * ATMIS ID: DE-80-006

A pholovoltaic module was installed to circulate water in an active
solar hot water system The high-impedance pump had 1o be re
placed with a new, low-impedance pump, and the mogisle had to be

replaced after being lifted off the grantee’s rdof in a strong wind The .

system was reporied as successful but not cost-effective’

)

This sipgle panel, rmounted above a storage area Jor bat-
-leries, provides enough electricity to power lights at
Wichita State University's observatory.
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Don Plank DOE Contract Mo DE -FG44~80R41016§
St Petersbuig. Fi ATMISID: FL-79-015 .

The grantee installed a photovoltaic-powered display at the St
Petersburg. FL man post office A window I the back of the display
has volt and amp meters to monitor the system's output

Don Plank DOE Contract No DE-FG44-80R410318
St Petersburg, FL ATMIS 1D FL-80-004 .
The grantee equipped .an electric Cit-Car with six photovoltaic
panels The panels charge a 36-volt battery system which can power
“the car at 24 to 28 mph tor 10 miles on one day’s solar charge

Henry Unruh DOE Contract No DE-FGA47-80R701184
Wichita, KS ATMISHD: KS-80-015 - -

An adjustable photovoltaic panel, with batlery storage, was in-
stafled 10 provide electricity at Wichita State University's observa-
tory. The panel is covered with plexiglass to protect It from hail and

vandalism. [
Brian Kent DOE Contract No. DE—FG4-1—80R1 10359~
Litchield, ME , ATMIS ID: ME-80-005

The grantee installed two photovoltaic panels to an already exist-
ing wind system at his remote-site home. The system provides efec-
wricity to power lights and a television. " v -

" '
Mickael Drooker DOE Contract No. DE-FG41-80R110380
Sandborneville, NH ATMIS 1D: NH-80-005

A photovolaic panel was installed at the grantee’s home to provide
back-up for an emergency radlo station. The system includes-two
6-volt deep cycle batteries tor storage. - ) '
Albert Bates DOE Contract No. DE-FG44-81R410435
Summertown, TN ATMIS 1D: TN-81-009

The ‘grantee develgped two portable photovollaic systems for
demonstration at the 1982 World's Fair. One system uses reflectors
and is mounted on a folding tripod. The other system is mounied on a
photovoltaic-powered golf cart. *

Utah Department of DOE Contract No. DE-FG48-81R807001 o
Salt Lake City. UT ATM'S 1D: UT-80-001 A routine check of the batteries is all that is required to
A photovollalcmwered flashing sign was installed on Interstate 70 maintain this photovoltaic system in Sandborneville

1o warn trucks of dangerous road conditions. The system inalsides 8
}

modules and two batteries for storage. New Hampshire.

Jeft Gold and Bruce Boyd DOE Contract No. DE-FG03-80R950025
Nevada City, CA ATMIS 10: CA-80-004
Photovoltaics were-used to provide the electricity pecessary -lo
power a DC. motor which circulates air through an off-grid solar v
wood dryer

\!
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In working through the 10
steps descriped in Chaprer |, 1 is
easier {f you have help. Several
sources may be able (o provide

-assistance.

State energy offices, energy ex-
tension services, and/or county
extension services should be the
Jirst step for anyone considering
an energy-producing fechnology.
They often have up-to-date infor-

mation on conservation and ener-

&y peoduction techniques, names
and addresses of individuals who
have electricity-producing systens,
rules and regulations in effect in
your particular sate, the names
and addresses of local contacts
Jor federal agencies, and renew-,
able energy resource data for the
state (and 1n some instances
gudelines for measuring them
and/or equipment-lending pro-
grams). And, in many instances,
these offices have useful handouts
10 educate individuals considering
specific technologies.

" Libraries.

Most libraries have developed
and maintained colleotions on
energy conservatiou and alter-
native energy. If you are consid-

" ering an electricity-producing

technology, a goad place 1o start
your research is at the local
library. )

Local utility companies.

Local utility companies often
have information on conserva-
tion techniques {including
energy-efficient appliances),
records of your electricity con-
sumption or information on how
to determiné it, and guidelines
for imcrconncclipn.

Additional souftes of
information and assistance
These organizations, associa-

tionis and agencies can often help
you locate resource information,

A J

provide you \Viul information
about manufacturers, and/or
provide helpful information
products.

American Solar Energy Society
(ASES) '
1230 Grandview Ave.
=~ Boulder, CO 80302

" The purpose of this profes-
sional society for engineers, arch-
itects, builders, and others inter-
ested in the various forms of
solar energy is to advance the use
of solar energy. Membership,
which is open 1o everyone, in-
cludes a subscription o the
monthly magazine, Solar Age.
The society holds agnual tech-
nical meetings, sponsors the an-

- nual Pagsive Solar Conference,
and plg;shcs conference pro-
ceedings and numerous technical
b,?_qks and journals.

American Wind Energy
‘Association
1050 17th S1. NW
Washington, DC 20009
This non-profit corporation
was established to advance the
art and science of using energy
from the wind. Membership is
open 10 anyone with an interest
in wind energy. Members come
from industry, government, aca-
demia, and the general public,
The society publishes Windlester
and the Wind Technology Jour-
nal and sponsors annual tech-
nical conferences.

Conservation and Renewable _
Energy ’
Inquiry and Referral Service
(CAREIRS)
Suite 728
1001 Connecticut Ave., NW
Washington, DC 20036
This organization provides in-
formation on the full spectrum
of renewable energy technologies
and energy conservation. In
addition, they maintain contact
with a nationwide network of
public and private organizations
which specialize in highly tech-
nical or regionally specific
in fom}alioh.

Federal Energy Regulatory
Commission
Division of Licensed Projects
825 N. Capitol Avenue NE
Washington, DC
Formerly the Fedéral Power
Commission, this agency within
the U.S. Department of Energy

s

is responsible for regulating the -
usc of hydroelectric power. The
ageney provides detailed infor-
mation required to apply fora
hydropower license.
National Hydropower Association '
2010 Massachusetts Ave., NW
Washington, DC 20036

This trade association, with
membership open to the entire
hydropower industry, serves its
members by alerting them to
significant developments in Con-
gress, the FERC, and other ad-
ministrative agencies. The
assqciation also works with
regional and state hydropower
associations to form a netwock .
that deals with both national and
regional issues. .
National Oceanic and :

Atmospheric A dminlm;tion
Environmental Data and

Information Service
Federal Building
Ashevillé, NC 28801

All national weather data, in-
cluding wind speed and solar
radiation information, 1s stored
and distributed at this center.
The center offers a large amount
of data to the public at low cost.
Your local U.S. Weather Service
Office (usually at the local air-
port) can also provide local
climatic information.

*

Rocky Flats Small Wind Systems

Test Center v
Rockwell International Energy

Systems Group .
P.O. Box 464

Golden, CO 80402

The objectives of the center,
which has been administering
projects involving wind machines
of less than 100 kilowatts since
1976, are: 1) establish and main-
tain sources of small wind system
technical data; 2) reduce develop-
ment risksthrough the conduct
of adevelopment and evaluation
program; 3) reduce the capital
and life-cycle costs of wind
systems; 4) help increase the
reliability of small wind energy
systems; 5) establish and operate
a national small wind energy
systems’ testing facility; and 6)
disseminate technical information
generated by the program.
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Solar Energy Industries

Association
1001 Connecticur Ave. NW
Suite 800
Washingron, DC 20036

This association’s role is to ac-
celerate and foster the commer-
cialization of solar energy con-
version for econoniic purposes.
Members include manufacturers
and installers of solar energy
systems and components, distrib-
utors, contractors, and engineers.
The association publishes a bi-
weekly newsletter and a monthly
miagazine as well as holding a
semiannual conference and trade
show. The association is also
developing standasds and cer-
tification procedures for testing
solar collectors.

Solar Energy Research Institute

(SERI)
1536 Cole Bhd.
Golden, OO 80401

SERI was created by Congress
to provide a national labotatory
dedicated to serving the needs of
the public and industry in the
development of solar energy.
SERI conducts and manages re-
search, provides planning support
to the Department of Energy,
conducts market analyses and
assessments of institutional bar-
riers (o the introduction of solar
technologies, collects and distrib-
utes information about solar
energy, and conducts education

and training programs.

U.S. Geological Survey (USGS)
1220] Sunrise Valley Drive
Reston, VA 22001

The USGS performs surveys,
investigations, and research cover-
ing topography, geology, and na-
tional mineral and water re-
sources. It also classifies land as
to mineral character and water
and power resources. The agency °
maintains a network of stream-
gauging siations and is the prin- _
cipal repository for measured
stream flow data in the'country.
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Books - General

Other Homes and Garbage
and More Other Homes and
Garbage. hm 1 eckie, ot al,
Stetra Club Books, San Fran
dsen, CAL 1975, 1981

hese books provide a good
mtroduction not only to
clectricty- producing technol
ogies, but to the entire spectrum
of available alternatives. You
can't design and install a system
with these books alone, but they
will provide yon with a good n-
troduction to the alternatives
avatlable

Energy Pruner Solar, Water,
Wind, and Biofuels, Richard

~ Memill and 1 homas Gage, cds.,
Dell Publishing Co., New York,
1978

This book provides a compre-

hensive mttoduction to the
various technologies that can be
used to generate your own elec-
tneity. It is readable and casy to
understand yet it provides
enongh detail for the begmner to
gain an understanding of the
technology. Lists of manufac-
turers, books and pamphlets,
and other resources make this
book particularly uscful.

How to Design an Independent
Power System, Terrance .
Paul. Best Energy Systemis for
Tomorrow, lnc., Necedah, WL,
1981.

This primer provides an excel
lent introduction to the AC/DC
argument (AC wins). Abso, it
coutaips good, basic information
on batterices, inverters, and how
10 determine your clettrical load.

How to Be Your Own Power
Company, Jim Cullen, Van
Nostrand Reinbold Co., New
York, 1980,

An excellent introdunction to
the DC side of the AC/DC-argn-
ment, Cullen’s beok contains
useful information on all aspects
of DC systems, from tools you
will need, 10 wiring your house,
to living with a DC system. One
grantce commented that he
couldn’t have installed his DC

* system without the guidance of
this book. -

feuer Use of Your Electric
LIghts, Home Appliances, Shop
Tools—Everything That Uses
Electricity, Michael Hackleman,
Peace Press, Culver City, CA,
1981.

This book provides useful in-
formation on DC appliances (in-
cluding converting AC to DC) as
well as using AC appliances
more cfficiently.
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Books — Wind

Harnessing the Wind jor Home
Fnergy. Dermot McGmgan,
Garden Way Publhishing Co.,
Chartotte, VT, 1978,

A smple, vet techmeally
sound, introduction to small-
scale wind/Zelectne generation 1s
provided in this useful book. The
section on planning energy needs
is particularly useful to the
novice and contains information
on such topics as site selection,
wind measurcment, wind energy
estimation and home wind equip:
ment components.

Wind Power for the Homie-
owner, Donald Maricr, Rodale
Press, Emmaus, PA, 1981,

This guide to selecting, siting,
and installing a wind system pro-
vides a good introduction to the
technology. 1t contains valuable
information on the rules and
regulations that may be en-
countered, and the basics of
wind system cconomics. The
book also contains appendices
with detailed information orr dif-
ferent wind machines, their char®
acteristics, and estimated power
production.

-
Home Wind Power, U.S.
Department of Energy, Garden
Way Publishing Co., Charlotte,
VT, 1981. _

This thorough introduction 8
wind power includes good
chapters on site selection, Joad
estimation, possible legal
hurdles, and information on
wind systemn towers and how
they can potentially fail.

Books — Micro-Hydro

Application Procedures Sfor
Hydropower Licenses, I .icense
Amendments, Exemptions, and
Preliminary Permits, Federal
Energy Regulatory Commission,
Washington, DC, 1982.

le from the FERC, this
ntial reading for any

1t provides
necessary td apply for a license
ion. Itis published
in loose-lcaf form in a three-ring
ates arc routinely
prepared and Yistributed.
Micro-Hydro Rower: Reviewing
an Old Concept, NCAT, Butte,
MT, 1979.
This publicatiqn walks you
through a ““decision tree’” sup-
plemented with détailed guide-
lines to help you determine if
micro-hydro powet is suitable for
you. It also contai detailed in-
formation on flow and head
measurement, power calculation,

and the types of turbines and
water wheels avalable.

Harnessing Water Power for
Home Energy, Dermot
McGuigan, Garden Way Pubhish -
g Co., Chatlotte, VT, 1978.

Thas is an excellent book de--
scribing all manner of matcrial
related 1o simall- and micro-scale
hydio systems. 1t gives a number
of examples of instatlations of
the various types of water wheels
and turbines in"the United King-
dom and the U.S. Manufacturers
are listed with their products and
outputs. Equipment costs are
often inchrded and it contains a
good bibliography.

The ldaho Micro-Hydro Hand-
book, The Idaho Department of
Water Resouryes, Baise, 113, v
1983.

This publication contains in-
formation on sitc analysis /
methodology, flow and hcagr
teasurement, cquipment,&co-

, nomics, and regulatory require-

ments. lt also contains bricf
forms and checklists 1o guide
potential micro-hydro de velop-
ers, and alist of micro-hydro
cquipment supphiers.

rs

Microhydro Power Handbook,
vol. 1and 11, U.S. Department
of Energy, ldaho Operations Of -
fice, Boish, 1D, 1983

- This two-volume handbook

- should be required reading for

anyone seriously considering a
small micro-hydro installation. 1t
contains chapters on design,
equipment, safety requirements,
construction, installation,
cconomic considerations, and a
thorough discussion of the legal,
institutional, and environmental
considerations. Supporting
documentation and examples are
also included.

Books —-Photovoltaics

The Solar Electric Home: A
Photovoliaic How-10 Handbook,
Joel Davidson and Richard J.
Komp, AATEC Publications,
Ann Arbor, MI, 1983,

This book covers the step-by-
step procedures involved in siz-
ing, installing, and maintaining a
photovoltaic system, including
information on inverters, bat-
teries, and wiring. It also con-
tains useful appendices, including
a glossary and a description of
clectrical calculations used in siz-
ing photovoltaic systems.

Solar Eleciricity: Making the Sun
Work for You, Moncgon, Lud.,
QGaithersburg, MD, 1981,

This book is a good introduc-
tion to photovoltaics, including
the technotogy's history, cxpla-

29

nanou of how the technology
works, and s potennal applica-
tions. Also, it includes usefuln-
formation on solar Law_ tax
credits and meenuves, and an m
troduction that helps readers
‘Iccndc if photovohaics are
approprinte for them.

Pertodicals

Alternative Sources of Energy,
107 S. Central Ave., Milaca, MN
56153,

Hydro Review, P.O. Box 144,
Cambridge, MA 02238

The PV News Network: Solar
Electric Information for the
Solar Electric User, 10615
Chandler Blvd., North Holly-
wood, CA 91601.

‘Renewabte-Energy News, PQ; - - -
Box 182, 1377 K St. NW, Wash-

ington, DC 20003

Solar Age, Harrisville, NH
03450.

Wind Power Digest, 398 E. Tif®
fin St., Bascom, OH 44809.

New Shelrer, 33 East Minor
Street, Enimaus, PA 18049.

,,,,,,,,,,,

r



R I A I

P

GLOSSARY

I 4

Alernator—a dovice which sup- Pelon wheel—a water turbine in
Plieyakternatingcyrrent. ~ *" " which the pressure of the wategy
BRI T - Aipply is converted 10 velopity by
- ew stationagy noxzles, arid she . -
© wpterjots then impingeon * ¢
- bgkett moynted on the rim of 3

| remg;m pipe that carries
pregeurized wager from the intake N
: .mm ta the turbine, _9 .k‘?

fequiring utilities tobuy back
jpower generated by small’
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