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ABSTRACT

In recent years the public has become acutely aware of

the energy crisis that has been inevitable since man first

became depe ndent on f i n i t e  fossil fuels. Today there is emphasis

on developing “alternate” energy sources. The use of wind power

for irrigation of farm fields is investigated in this paper.

1~any opt ions have been proposed for harnessing wind power

for irrigation. Here , two options are i.nve~tigated usiri~ a

system dynamics approach. The first option uses mechanical

energy extracted from Lhr ~ wind as input to a mechanical pump.

A flywheel ~~rves as a buffer and as storage for ~~ wind

periods. The second option us~~. th~ mechai.nical output from the

wind~ i~ l to gencrato electricity . This electricity is then fed

into :n electroIy3i~. c:~li to produce hydrogen gas. This  g:~s is

then burned in ~n interna l combu stion en~ ine which drives th~
pun•~~ ~urp:Ius ~~c ’ c ~ cn i s ~c1 in d~:p1ctcd natu~~~l .~as wc lJs

for u:.e dur5~~ low win~i p~~~~ods. A bac k up  system is p r c v i d e d

in both ept ions for when the wind i.s not b lowi~~ and the stored

energy has ho~ n c~~ :~uf: ted .

j .965 ~‘j nd data  f r t ~n th~~~~~~~ c ca ther  Bureau Of f i ce  in

Dodge C it y ,  Rar ~~~s , is used in t ;h .~ s i m u l a t i on  of the twc’ proposed

systoi~ . 1965 wind d a~.n is  used because it tends tc be a “ typ ic :~l”

wind year , The su:~~e~ months dur ~ rig wh ich  the ir r i~~ ti on wi l l  ‘be

t~ k~ n~ place , ha~ c av~ r a~ c wind veloci t ies  w it h in  onc half a

staw3~’i ~d devia t ion  of a 25 yez’~r c~VC1~~~c:e psi’ t~ e area.  The other

nin e i:~~n1hs each h av e ave ;~~~ w 5n d  v e loc i t i u t ’  ~ ithiri  two s tandard

dcv3 ,~~~i ons of a 25 year nvcra~;e . H

Fir~~~, the gnric r~ i conc e~~ !; of ~ystc ;~ dy :~. im i c s  are exp la in ed .

Thcn , model ~; of the two op t ion ~ ar e  formu1~itc~ :‘nd te~;t ed by



F

s imula t ing  thei r  performance over a “ typ ica l”  year u sing the

DYNA ~ O compi le r .  The results of these simula t ions  are then

compared wi th  each other  and wi th  the current  meth ods  of farm

irr igat ion.

Finally , a glance to the fu tu re  is proposed wh i c~i r evea l s

that , th ough the systems proposed are pre sent ly  more expensive

than current  forms of energy , t h i s  ve ry well migh t  not be the

case in 10 to 15 years .
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C)( A ~TER S — I N’I’ROOUC’L’ ION
‘ The am oun t  of l an d  . ivea h e i nz  farmed per per son in the

Uni ted S tat en  has been on the  d e c l i n e  for the r ant  sever al years .

Yet today the people of Amer ica  are c a t lo .; b et t c r  than over

before . Thi s is due in part  to the development  of now s traln o

of crops tha t reach mat u r i t y  f a nt er  and ~‘Jvc a h i ~~h cr yi .’ld than

the old st ra i n s . But at the same t i m e  the awoun t  of enen;y

requi red  per r i v e n  area of farm land has m m ’  u~ed.  Lar~ cr , mo re

powe r f u l  p i c c e n  of farm e~~u i p m e n t  :~re be~~n~ u n e d  t oday than  ever

befo re. I t  in  c u s t o m a r i l y  the ca~;c t n-~t th ~ :me n m : i c h i z n ’~ are

fue led by an oi l  p roduc t .  It  in e 5 t i w ~~t L ’d t h a t  i n t 97~ the

e~~i iv.alc nt  of J~ i7 n i l  l ion  :‘ ~i l o n n  of t~~c~ I I no wa~ c o r n ~t : ’ .a’d on the

86 , 000 fa rms i n  th e ;t : tt e  of k a n n a n  a l o~;c ( 1’ , Ph i s  fue l  was

connurn ed in  LI ~i pro c c of t 11111. ‘c a; ’.d harv en t n~ ope ra t i ann

irri$.a t ion , . ‘, :~:i in  ry i i ’ ’, , ~‘, t r l ~ ’ t I i i  ‘ , bun i rn ~ a a .1 fl.I ~ .i ’~ma~~e ~i - m lit

t rans por ta t ion , in~I poul t ry  r1~~”! I i v L ’at o c ~ o i c r ~t~~io ns. Th e

prod uc t ion  of f .  r t i i i  ~cr a larr e connumer  of natural .  ran , is

not included in the al’o~’c eat im a t e s .  Therefore , i t  sh ou ld  ~e

clear tha t  t he  ~\ :ner i c . a n  f ar m is very (~cpendeI\ t  on an avai 1ahle

supply of cU p $oduct  fuol . n ,

Common n o n a c  i n d i r , j t ’ a  tha t  the a u p p~ y of o i l  w i l l  even-

tual  ly be exh . iu ~~t~’~t at  t h ’  rate i t  i a pre.~en t  i y be in~; consumed .

E~ t L m at e s  ef  t~n r  r c r n a in in s  o i l  r e n e rv o n  r ;in~ie from 30— 50 years

( 2 , 3) ,  ~:any indun t r ies  aVt ’ t oday co r w e rt i n ~ to  e l ec t r i c i ty

produced by c~ .i l  or n ic i *’a r  powered p lants .  P u t  there doen not

appear to he .1 method a v a i l a t’l c  a t  the present L i m o  to allow a

conversion from petroleum fue ls  to e I ’.’et r i c i t y  for the mobi le

h1.~h ene rgy d ’~n ird a of n e at  farm e q u i p m e n t .

—~~~~~ - ‘—~~-~—~~-‘-
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The colworn  ion f r o m  p a t r o l c u :  han ed  f ue l s  to a ;:;ore plen-

t i f u l  en~ir1,y supp ly  for e v e n  only a few f a ro  o p e r a t i o n ;  would

help thc overal l  s i t u  L i o n .  I f~ f ar  e xam I ) le  , irri!’ t t i or i  wa ter

could be pu ’’ 1cd w i .  thou t h a v i r .~; to de~~i.o te the 11 ai ted supply of

natural  ~as ( the fue l  ui cd on the i :a jor i ty  of  w i dwe st er n  L’ar~ns

for ir r i~ at i o n  p ur imp s ) th ere  woul d be th~ t mu ch  u.~ t u cal ga s

ava l lab le for other  u~ c a .  The s i ap le  c o n v e r n i o r ~ to an Cl  cc tric

p ’u ;lp m i r , h t  ht i l p ,  b u t  mos t  of the d c c  r i ~ai I’~~.v~~ ’ genera t ed  in

the ni i dw es  t s t i l l  d p o n l s  on r e t r o i cu m  fuc.l r - i r p 1 , i,es. So , an

al t *~rn a t i ’ i n  source of en em y tha t  could eas i ly  ‘cc u r c i  to pump

I r n U ’ a t t o n  wa te r  w i t h o u t  .~en i e t i  ~~ 1,imI. ted t’on - si l  fue l s  would

be a be t ter  s o l u t i o n .

Th e use of me thanc  d~~r i v o d  frcw animal  waat es  has Po em

prop osed as a sub s t i  tu t o  for  tha  n atur a l  oa~ pnecont iy  be ~~~~

used • So has h’,’d ro~ e n nr ’~ du ~ “i  e Inc  ~‘c ly  ic .~~ Lly a t  ~ho La r~n

s i te  u s ing  ci oct r i .cml  encs. ’y dor i ve *I  f r c n  e~~ .ae ocurces  ( o n d

p oas ib ly  from c un v en t i a l  coal  and nuc l ea r  fue led  .acnera’t ing st a—

t i  O - ~ r i rt ~ o f f  p e ak  po u’ i c~i n )  . ‘P hi  a p t p e r  is c on c er n ed w i  th the

C \ a :: i t  ion  c f  two  a 1 t o  ‘ n i  ~ i ~‘ e coo r~ y ny a ttm rln l’cr n ulL ci i~ ; I r e  i ga—

en  w at e r .  The :‘ i ra t cc t i i t ’~I would  u t i i  i .me w I nIl p c w cr  c o up l e d

nec  h a n  i ca l  ly to t h e  pun p. The see c a l  me t i i o J  wcu J 2  use w i  ni power

t o ne  :ora t a a in ’ te ic I y , l a o  t.r ic I y t o  i’co ’laci ’ hyl l  ro~,e n ,  and

hy~ cc ‘~t’ ii t~) fue l  the  pun pa ,

An e x te n Si o n  of the  second uet ho d  a e n i d  c\ o nt t l . l l ly  1,e.i.~ to

pr oduc  t ion  of hyI1r e~s’n On a large scale  and the  IIse of hy droge n

as the basic f u el  on the  f ~u’:’i of  the fu tu re .

There are man~v appr oaches  t h at  could  be t a h e n  ill  d cv *~io p i n~

an “optimal” cyst i ’ o for  use on a farm . There are  n any di  f.t’crent

H

H
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types of w i r . d : m i l l s  c u r r e n t l y  a va i l ab l e  at a vacie  ty  of

If h y d c a ’ , on in  1;oir ~~ t o be in n l u d : d  in  the : ‘j- .l tCo , a L a ,’ ~,m or t  01’

Ztor a~ c f t c  i ll  ty -‘mr i ~~~ ’LL ~ he o c a n :  i l er oJ  Von ~) uc h~~l r ’~~ a n~’-niu c :  I

‘Ju r inJ  l,~:’~ c o r ’y th’n .a im ~ t i h c S . I t t ~~” t ;‘.O L 1~~~3 o p t i a ; z . t t i o n

work han P i e  n dane en nys  Len a a i~ I. lao t o i l o : :  e en an ‘ i in

t h i n  p.a a . 1y cell: :  ider i r : ;  ~ho ;yn  t r,n~i as a i r ~ . y - a . pe ‘a ible ,

l ir ~c’nr  ao t’anoj n ,~ -c a t d  bn a ’ a m i i o c i  t m  n J m L n L : e  ‘ I C  La)~~’l . cost

In v o l v e - I  in  e n t a b l i ’ h i a ~ a l c im c . ;y : t : ’ ’m , ‘
~~‘ v.ic a ir  ~ m e

~~L’:: l i f a ’ - - r c i m t  po~~a~ a of v: cm ’i , ‘ l m c n i . m l ’ ~~~: ‘ t i ’ ~;, e : h t n t i~

‘) ro ~ r : n:: ., i rm ~~, or ::1a 1. t i  , n P z  mo ti’: -~ ~i e , m i n  ion nt obi ’ ~ ~hn

coui’l be u t i l i a e -~.. ft ~ t m, ’ Ccjaaae i cn” :‘ n o,, ,.rh i~. t ak en  in t h i s

T a p er .  i~:t th o r th~~n t : m r ’~ i i ’  to “ t t  i u f y  c r  Ca It o bj c a  t ivo

func t i t ia ;  su~~i e m t  to .‘- .,‘‘ can ee:m ~na , ~n ;, c a t d ~., m  the  ca~ c

.‘It li the  t t : c h r t :~tnm s :i T _ ’e:ai y .: ::.~ t c m t a  , n t - e t c : ’ c~, ~‘~n i c  I 3 u~ c I

he re to model a cm ’ ’  n o m a d  n~’:; t an  mtniJ  t -o eva l ma to I Cs p n L ’.~ m r a a n :  o .

Froa L ) mesc  f i n d  ii , ;a • c aa- ,e- ; in  the :: l cd  cf  the aco~’cao d m ,~ a’t cn

can h~ c2do • 2y ccc k an i n.~ in :h is  f a n n i  on , a “Pen’ ; ” den i -;n Can

he forced to en ’mr ~;e.

‘
~~ . ~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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— ¶ :‘~: :c’p \’ , c ; :  ~ : t - ’ ’ t  • ‘ ‘ ,;y.;;’ ’~;’.

• i p;~~~~~ ;, ~~‘,~ :z

~‘i .l .~’ ,m “In,am : - .”: i :’ P’ i,mh t ,; i t l  :~i~ d i : e r : r , ; , C ; J L  :- ,~ e L ~ me r in  ~h-o

t 9 3 O ’~ t,m ,m c ’I ’, ’.m t a L l  e ~~I c t c m m a  m m ’ : : i r am~ e e;’.; i :mn ct’ i r-r ~:r ~~’le:: ; , he

also 1”,L’ I ;Ii l ,‘,r am l ‘‘n n k  fo e  a ~-n ‘ ‘n i u i  mti ~~ L’ .’ac lm ;c I , c n ? ,’ , ; t n l j m

‘ m ’ ’; , - a i  a . ’ ~f mc’ar- ~ ex  n y ; t a ’  a • ~hi: :  ,: : c : : m ~~ ,;, ,,e m : c- i n t - ; a I l y

icall tn -th:  dev~’ I : m : : r e m ; t  o f  “ay a t - -i c i t a uI l i I ’a  ‘ . ~i~ ’ d i  1’ I’ l t , - ! L ~~ lll

up in  : m m ~’ ” ~~~ ::::e to Lit -n c m ’ n a ; i ’ u . .~ tha i: 
~~~.

,‘ile - ; y : - o a  u ’dor ir’,’. ’.’ a L ~~::’.~ lee. , Pc ” j m’e ~ l : m u i ; t o c  ~, :‘ ,~‘; i :i ,,, the

a ycar ’ I.e Lr,’ : av io r  ~ f t i n m  mml: mlm • I t was  ~tu; ’ I. s:~ t h i n  so. , p r ’  Ii

in  ‘t 3, mo t i L t  ~a a t m r ;  i L o n u r  cIc ’.’ele’ c.1 ~i - - r c o , , : c a t s  of ,f ,:a~ . i ,ick

n ’,’L’t mo , a ,hat ‘.‘:er”: l i - e r  i i L ~~lèd “ r j : e t ’ n : t ~~y .~ ” . .‘ ome of  t i me f ir s t

i r m t r - ; d a c  ‘:-ct ’J p ’mp ’ma: :  in  V i e ~ , d o f t’c m i ’ -;’ k ,: 3n tm’ O~. sy.; tons

( ‘ r ~~,~~ to ~~ c~ it - : ’~ “ ,“ c, ” .’ : r o l ~ i r m ’: , :; ”)  w- n’c’ r: ’’~t * l ”  ~

t ,  P -tc en .  G o r d L i m  3 . I :’~ ’v e. ct’c ,’t ;c~? t i m :  3erv ’r ;- :c na m i - l a n  I,a ’ot”~ ~
-y

~ m i t h e  lf .haYs ,  :~ :‘ ,- e; i i ’ . a ~’ ~h a ;  ~i, ’.: ~h~~c: ’ ’, ’ :; f’ i’L’ , a t c , m n’z :.c t c , :.5

Iv ’:: ; f’i
,,~ - at  ex-:ar ,J ’, . l  , ~ ‘- a - ’h t ,  1’: ocL’ Li ’ :f, , o ral ~ u ’:m’ ’ l L l C C , l  ‘to the

: o r ld  ~n a lnr : e ~~~~~~ Ih it L i  ec:u u tcr S a’ ,’ ae f I r s t need  for

a t  tar’: S ;ra ’cla ,‘rr ’r in  ~I ’  ! 9 ’~) ‘ a a th e Pic~’ I t t l  d a n t u t o ; ’  abora  te:’y

aLl  D i vi s  ion 6 of  t t i  i m o i n ~~ ai ’)ro,  ; t t ’p :L ’n ’cc thc  n o r  L i  an of

Jay ‘~, Forces t ar ,  ~ L’sm ’~ ~‘~5t~ 2t ’L f C l I S C t ’  I’ ’rec to t ’  ~ nd a ~t ’cup of

;a ’suoia ecs at the  1.i  .T. A l fr e d  P . ~~~ s~~~~ I ~~ :.: l \II l ,~ to t

h i’  a e xt  cad id i_ i’ , ~~Ot O L  :1 tn of  r r y  a mIt dy na :: l e t ;  to  cc m~ :‘ I Lii

~‘C C ”. t OOe.p  :a d ty Cf 5 0 1  j I L l  S~~S ~n i T 5  ( 2 ) .

For many ye r ’m’ t r m ’ ~ i nod c l i : n t  of f o e d P a c k — 1 ~~’.p :y:: L i e n  h is

bee n kemorn  as in d us tr i a l  ‘iynmt ion ’ • But i i i  th the a pp l i ca t i o n  to

l a p a ’  t a ct  ai’e :u ; cu t  a ide of the  i In t e l ;  t r i a l  a t m - LI .: L ure  • t he  c ure

“ syn ;tcm d y n a m i c s ” h as come in to  core G enera l  m i c e .  A p p i ’t ’ ’ i t i o n i3

- - - -
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of n i  i i  ly a ~tn I c  a tam v ’: P - ‘; U : a d , , I a c - 0 ~ c- a - u  C ’ : .‘ l i e  y , dy  ,. t i c s

o I’ t l l  be t m : ;  , - r ;  a me i t :  a ‘r ,,’ a ~~‘‘ ., a I t  j : i  I I c  L ‘ I ’ S  - ff cc  L i  a. , d 10

Lv: ~~~~~~ t”~~~, 4 ’ .’ ’- 1 ’  of - -ea r l .  h I j  ( t e  J , ! - ’ : t

c’r ’ ’ :’.i .m ’:tia::: ; t m  l i s t  ~~; : t  a t ’ mv . ( I ~ ,~~, -i” ,7 ) .

“) ‘~ ‘ ‘ ‘ ‘ ‘ ‘C ,. ) L ) . , , . ’ .J

A I r m u c t  ar, y t ! I C a t  cm ’ , : L 1 L . V ~t : h t  of  ‘mm ; a ::y:; C~~r.. h . i f l  ,l L I O 5

in  a ~~~~~~~ Sy, ; r ; ’r im . lh ; ” ’:: ii i i: ’. : : m ’ I e ; I ; i f i c  r~’::’: m a c h  he :~ ‘.~‘.

s m:oo’ ,’~:~~- _ - I  s o m m e  a~ e . u i uL ’ m ’ r ‘ a n t , : : ; - ;  :‘, ; : ‘n r m tu r t : s.  : tt’ca ,’ i i  hu;

t : - c~t~~eI n ’ ;C C a I .  b c m i ’ .tc: ’ - ’ - : : - , hc ~~~~ ct ’ c , t t a . i L l ’ m ’ L T ’~ m ’ : t : ’m cal

Lut , ho mm t i l l  -~ O cC ;1’- t  :‘u~~l y  u a~ ’ ;‘n L ; - .i ,:t m l ’ ” L : - m I p r . oi;

a :n; ~hn -ha ’,’ I ’m’ c t ’ :: ,- ‘ te

use d ~~~~~~ , a ‘ c ,cn t : ‘ “ La m ,, ‘ . ‘ o m m p  a V I : ae t .s Lii v - C at  cra t e

t -~ ’ ’~~l’e: w i t i ”  a c or ’a .  e . c a 3  . ‘. co l t c - - , l :s a a;.,’ - a’’, fat ’  ,, h ; ,’’. t l o n .

“l ’ t ~ 1;:~ 00 a r r - ~’ - ’ t ’ : n :  “ n a f c . , 1;, ~ ‘a , c tcn ~‘c _’ . m i ;l ’- i i ’a ‘ (i ~~

t ein ,’-e ra ;i ;r ’c . C mc ; ,. ::m t c ~~L cnm ‘ m t , t i l i t o : ~ 1 1  S L  . I : nI’ ~~V i d c  a. a s t e r n

ty “:it ’m a I ’ c Cn ;c ’ : : m t c a ;t o ’ .  b n C ’ . t : n  a l .- ’:u t  :1 : ;.’ L i  l’c : I : ~~3 ma

is j ; n ;t c ’.t ,i n i  en’: 1; c ih l ,e

— 1 1  th  s y st o r L c  1 a mit : ; co:, :ec’a acn ‘: ,c i ly  def  I :;nd • eLy ic I th,a ’t

no r. ha~ been so I n  t o  ta  gi ’: m n n ~ i-na t e e  ‘m e- ac e a’t n ar - i p:’ Inc i P L C n  of

s~h ’a t ” a - :~ Jay ,~
‘ . f o r m ’c : :  t o n  Im. :n ~~ i , : L o i i  out  thm’ :’ c co as t  h ic an :  m e -m rs

to t h t - n L j U O S t l c n  (tn . ;‘ m r ’ a t  cm ’ a l l ,  u n t i l  n’ ’ -c - : - : a l y  t h e r e  h u m

r :  ~lL’ P , ’ .cn  c-a n ’mod  Va t ’ u ;aIO ; ’ :: t: u . mf La’ - ; the ;:a ’t ’im ’ of sycr 0-112 • The

t o  ims tha t  r n j m ’ .i t i v a  ‘inn ro ta - ’,’ cX aLl ’ ; e - ’4 It’ w er e  - :cnt lr  hc .”e of

rn tur e  rind wer e  r a c e  t t - a d as ‘a i;’.t d lv i : ’ . .  ly t\’~-n m u d  buyond

C c - :pv ’ ai r ’ m nit ion m l  c o n t r o l .  I a e:d em ’ to s ur v i v e , i:; n adap ted

hj r m , :eif  to th e s e  n :n tuv’a l nyc  term s and ca ,m n ae ame n slowly , u m m m ; a l l y

t h roug h e v o l u t i o n  r a the r  t h i n  d e s i r e .

Secondly , mare. ’ sy:; I e t a  d i d  no t  m o e - v  to posseas any aean irm ~ 
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,‘,:;a -n - s i : m - ’ .; tn - n - - ’ v a lu e  -, - C’ I’S-n-A • In-n - tn -a-m i c a l cu i a t i , a - in  of  n - i n - a -  total -ta- ,vn - ’ ,

t n - Tn - s  I a - i a - m n - m n -, ‘I’IYa-ACi i n -  a - s n i L n - a - 1, n - , -’~i by the n - i n - n - a - s  ,k n - n t c m r n - ’ m ; l  I’)’!’ . DT is-

d ’~fj n - ’ ,~ mi a-i a-; n - - a -  i s ’ ~’ e q - a - s k i  to . 12 5 n_ i a-i n-S . or I / a - t i n -  of a day .
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- -~~ ta - mn - l’a-,a--mS ’f -a - n --’,n-a-’n-r ( : - -m rc c - ; r n-’, n - n - f ’  ‘t n- sn -c n - i n - - n -  S C - a - I a - ’,’; tn - ’  :n - n - - - n - n ’ a - n - l ; ’ a - )  du i’ 1 :a-a-~

n-n- a - i~.’ m 5 ~~t i o r r: ; a - n -. a-’ n - n- ’o n - n - : i t i -~1 c ’m - , I n - a ’ m a n - . ; ’-n - an - :n -n u n - , m . e :C . 
a-

L a - C ~~~~~~~~~~~ S T , ~i t a - r u c m . : .~ .; . , J’ , I
3 - -~ :n-~~r m n - ’~~n) 1 , 3 5  I - C S , ia -- m a -v  3 3 , 5  2 1 . 1
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C T in - t ~~~~ ‘- T n - I  ‘ a- ‘s - ‘- n- r - ‘ -,: -Ca - C-C ‘ML a - n -  i I’m a-- \l ’ c n - s i  a - i , ,  SI

22 LU A L FAC’ItCi LUIc DFAC

Tn -c e l a - - a - n - fan -’~~c’- r ,  n- a- c’a l cn - m la - t :, ’ ,I bC n-a-lil a- au> :i 1,iary  ~ -a- n- n - t n - o n ,

in - s the ~‘cru u :s t of t in -se the i r ’r ir a t lon  syst ea is cy cn - ’u t ir f ;’ duri ng

a- On _ n - a - u n -  a -’ r a -x’ n n- n - a - n - n- n- -a-f a - n - n - n - i c, J u n - a-’ , n-n- n - n - i  t~n- .: - a - u a - t .  A t  ~ ry point in

t n - nc’, La- A l a - a - CC Ia- the a-, . c a -en t  a-f t n - n - c  c i a - a --n - ed  ‘ CC- c- c  t hat  t n - n - - n -  sys tem

‘in-as beer - 0 1ma-n- a- ’a-n- t ing .

Using a flun-np rn -c C c- n - I a n-a-. 100 iU~’ , i t  w o ul d  be r,-n-cemssary to

operai;o t n -a - a - - pu m p 5C) - £C ,’~ of th e a - S n - a - c  in era - e r  n- -i pr ovin - le 6 to 8

acre—inche s  of n- n - ’u’ i. a - a t n - o o  Dc i’ month. The down time allowed

per d~iy DTA c-i n be adj uma’ tcd unt il , ~ t the end of ’  the su n- n- mn -er ,

the over a ll 1c a- fac to :’ is U n - a - a - wa - e n  50 and 6o,~.

—I- - - ‘ ,, 
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a- j ’ n - . ‘~s i C  ‘~‘(S~ a - -n - I -

~ I I ’ ’  a- - I  n - a -  ‘ D m 1 5 1 ) ‘-i n-;
j m  U ‘5’ • ~5 - i n - ) -U n - n - n - -; 1 .

O~~1 n - I  -‘ l a - i a - i, L’ m S a - S n  T I ’ - ’ : .a - a - c- i ’n - i n - i - ‘ 5 1  C m )  ( i n - n - n - I R S )

3, 3  C-a - a - - ) Ca - L n - n -’ a - ,s ’a - n - a - i’ . a - a -  c- n - 5 ’n - ’ la - N 2,

i n- t n - n - , n - ’ r m n - ;~~~” i c n - n - . A r-;)n -- :, mn - ; , n - t i- ; -a -- a- Q~~C i o n - n- a- —n -~n-~ - n - t ’ a - ;  i n  ~‘ i a- a- m i n - ’ a -  i .J . l .

t ,n - a - in - i ;’ na-~’s t’;ma- ,hn - ‘~‘i, mn -- i - _ ‘‘, .- .,; “ w i n- n- m i t n - a - i’~~i n - ;s n - (‘-~ n - a - , 1 i I . I,~ 
—~- :n-a- s ’h in -

- - n -  C ’)n - , -~ cm’~, a - a a n- n-n-n- ’, a -  n - ’ t n - ’ I -’n ’,i ;n- 1~ S , n - n - ’ n - n - , n -  n -- a - - n-’. ra -e m n - i - a -c C , n _ ’ t~ S C:- -’ a -” n -n-c u 5n- I ’ ,n - ’t

is a - h - ni  r oe a - i a- i - n - -i a in -n _ n - a - - a- n - c a - n - ma- n - n - n - n - a - i  n - n - n - C r -a -  a -y r  i n - n - a--a- n- u C he
c i a - a - F u n  la- ’sis ~~~~ ;n -n ’ s ’~~ a - ’ a -nm n - m _ i’ - i n - .’-a- a - en  a m a - - i o- - ,,’,~~’ ; n -  .‘a- ’ -~- n - ’; 5- a - ta - c ( ; t ~ a - ) .

I n - n - c  U sc - a - c rc  ~ n - a - ’  n - n - - n-’ - I ; n - ,’a-J  l. a- n- tO c nn - S o f f  a - a - ; - .l n- n - n-, i n - n - ’a - I in  a-a- ’,

~n- - n - a - a -  ‘,‘ a- a- n_ : -:i na - n - t a -  a- n - a -  a- ,; n - - n -  ‘- -a - s - i i .  CSi n -- ’ n -  C ‘C a - :  - n - n _ n - n - n - -.’ a- in - ‘a- m n - n - -a - ; -  n -a- ‘C C a- ”a - ~
’ ’~’ Ldn - 3

m n - ’ ’n- n- ’ ,’’y for C ;’ri -n - a - n - a - C - a - n, ‘Un--’ 05,’ -’ir a - C t - m u  C , ;  n - n - C pa - i l  t -~ ‘n_ rn - i, n - ’ m’tan -’ n - n - m i ,

c o n - n - a - a - a -  t n - a - n  e n - n - a - - i r~n- “ la - i - n -h n- n - n -~~~’ a - 5 S,b,c i r a - I - - m n - a - i a - s n -  a - n - n - n - n - m a - a - ,  P a - o n -n - n _ n - c

~ - n_-~~~~~~ -i a-s a b a - c a -n - U P  f~i, ’ O c n - ( ’ 3 a - n - O n - n -  of t i n - a -  a -yn -n - t n - n - m m  n- i n - - u n - n -  n - n - U n - n -a -~t l a - ’ a - , , - ma

is mn - rn - n - l ia ble ,

Opt ior ’ m 2 I n -  ~~~~~ a-c thn - ’ca-  ca - ir a-,- ca - u n - v a- rn -n - n - a - n - n - a - :  , ‘ m n -  un -d n- -on - v-n - i ’  to

c i a - n -  t o n - c a - i ,  e c-a - a - a - i c a - i  ‘Ca - p r a - Jun - ,-n- I - i a - a - n -  sa- i ’ n - ,’ d v n _ a - . n - m n - n - n -, -,ind l,~c i1~, n - i n n -~

the hydra- n-en Ca-- n- n-’ 5n- ’~’n - a - n -a- n - , n - a -- n - n -n - , 4n - n - n - ca - ul, ‘ a - n - -: a--a- n-n- ’ , cu ; ’n- :m ,n- cnn - nt to th e m a - i mipI e

ca -n -n -va -vax on of n-c C -a - ~n - c w - n - a - ’  i n-~ a- o m , n - a - a -’! n - n - . n - i c  n - S pow~ r a n - n - n _ i -n a-a- p Il i o n 1,

T in -u n ; , ( n - p a - i a - s n -  ~ I a- n - n - - S n - a - t’ c r n - t ’ y Sa-ci ;  cS ’C ’I c i i ! r . t.  i , a - ’- - o ’ - u r ,  C 1n - L i o i n -  2

prov tdes  a n - m m - a - n - m m ’ ’  Ca - - i’ a - n - t u r i n - n -  a- m a - n a - h  ii, ’ ’t’ i? cn -n - c’c’n-n-y at, a len -vet ’ cm ~~t

a - h -u n- Op t i c a  t • ‘ n - i n - c - u .’ ‘C~ a-’-; , ti n - ’a- ; ;y u t c m ;  could  ca - a - i n -C -’ operate

d u n - ’ I n - m, ’ n - t i n - c  e u , t i n - ’ ,’ ~ em ir , n - s t e r n -  n - n - I  t n - n - c  S n - - (A, n -~a-,~~ ma p: Ju ced d u n n - n - a - a -

the mci i  t i n - a -  of n-U’ C a- a - n - S n - - s r  n - n - n - n - - o n - n -a - n - i I- ’ -n-y fo r use dun - ’ i n - a - : Ju ne • J u l y ,

and Atija -Lls t. Thus , i t  in ;  po ssib le to n - - a - a - v  i-U n- the sin--ic anount of

to ta l c-rn-n_ ’i’;y -n - n - : n - S p a - i o n  C at a lower t a - C a l  cost.
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:n- Ca- a- U31 J O C U - 1 ’ ’ca - :’ ~n- n- a - i’ ‘- p a - a - On - a -  U La- a - in -~” a -  a - ca - ~ i n - ; u n - - :  J . ) , 2

a n - n - -I ‘in -- : ‘~i , \ , ’a-~ t’ u ,’c d i n - n -  ;;‘, n - ’ n -n - f - ’ z’ t1 ’a- modc ,t 1;; a - mn -  - n - i i  n - r n - 1”i , ’ n - n - t’-n-

3 . : ) . : ) .

S . 1m ’ n-- r m n - l ;-’i n-” ], n - n - . - ,Un - ’a -r -n - n-n -n -re ,n_’on - i n - ’  i -n -v e i n -n -  i a - n -  i a -p  t a - - i n  ;? i n - p i t - a - n -C -a -n

n- a - la- n - n - n - -,, - - a - n -  ), n-svel  i n-a-a-i a- n- u a-ia -a- t,m n - a - D’-~o of’ C a - n - l e , ’a- it t~’ c c u ; n :  n- - n- of ha-rd n _ c a - a - f l

a- n - n - - : t’ , ’a-’ a- i’; ’t :r~n- i n -n - - a - i n - - a -  rc~; a - n n - n - a - m L C  ja -a-s - -c a - L i  a t  ‘ n - n - n ’, a - i - a - n - m i  p a i n t  in

a - ’ o a-al C n - m n ’ ;’, -’ n - a - -, u m ”n-:) u m ; a - ’- ;ir , ,n - )  -?:, - ,i ’ n - , :’.n - - :  x a - m m- n - U a-U, n-- ’-- n_ - ’ .’a- m a- ’ia-n-a- ‘ n - n - n - a - - n -

l’mu ’ n - a -’, C i ’ a-- r, -n-n-c n-’i, a - i ’,’/2, in  a-S n - L i o n - n -  I .  a- :n-:~~1 ;mn- a- ’Cy , mn - o n -- n - ; ta - mn - c n - Sn -, ,Sh S’ � n- ”Tc ,’ m i

the -
~ a-s n - c f u n , a- i a-ma-n - a-s a - - U -- h ’  n - n f -a - t i er -  1

Si he :a - ’O U n - mn - -n - u , a - c U  PU S.c a- i:.ilar ‘:0 i - n - a -  r, n -,a-’a - :  I U’ -n - a - t a - v  - ? m n - _

‘n_ n - r n - n - I  in  C - p a - i a - i n -  • l i la - - a - n - n -  ‘i n - a - a - y a - ’ ; ea - n- n - n - : a -  n- -a- - n - n - n -  “~ i c ;- , n - ” t a r  a- m n -a - a- n - l , i c a - ,’cd

n- n - : , a - ,- - ,;nt cf  ‘-U n-’m n-,n - ’. c ,  n - i n - n - n - - m n -  n-~; n - s c u m  r , ;a - , ’Un- ,n - a- -I n - ’ o a - - : n - n -  a - -n  p -n - -n _ - cr ‘tin -c

syc’t-a- :a- , p e a - n  -~~a- a - m n- u n-n-- a- -a- C - ” a u-,c’a-r tl~ ; i ;‘n- ’ m n - ; -n - ’ c’a- o n - ’n - ,D ’ : t n - n - - , ‘ C - n - in -

a- a-U ’s-a - to ta l  ,‘, mr s: t , n - mn C a-;’ :sa - ’a -- a - a - ;m c ’ - n - n - a - on - i  u” n -  Co a - cr y o n - n - i t  i,a- time

Due ~-a t ha - i n - r n - c  ca a- a - n - n -  C a-p Cca -~ en - n - a -:’;,p st ,’n - n - n - a -a -  n-n - n- , I e a- ca - o n - n -  2 , ,

in - . ii; no I c - u - a - - m r  -n- -s i t i n - n - a - n -i a- a - ho ja - n - ;m”n -p i, n - n- ’a- a- -a - rca -a - ;-, n - ;a - n -’ -n ’rsir t i n - n - n -  n-’, i n-d is

h o - - a - ia - . The a-’ - n - C’-an -,’-; , ‘a - n -’ -; a - ’ ’ a - - c m’h to c , a - a - n - a - -,i,i m~;n - ’ u a- tn - n - n - s  i a - a - - i  f’5 -,o toc

of t n - n-a - sys te m inn - a-itt fcn - ’ ca - n - m t ’a-h a - mn i n - n - O p t i o n  I • ‘Ca -n -ca -- ; n - t i  f ’ f ; a-,’cnc , n - n -~

are ;xt’I”i n-m a- i a-c n- ow.

Alit “ E CU - n - , l-a-” S • S” a-i’ s mn- n-: cr-a - m n - ~cd i n - n -  in- i im; ’, ’,’ n - t t -~ l a - -a - a - n - s , ’-a- ( k-~l t ) ari d

a - i l  “ i ’ C- -” imn -n - ? ‘S” a n -’-; c xp ~’ a- : ’cc’n - 5i i rs k i lca - ’ :  n - t t, m ; ( k W )

S t r ; -a - n -n -t’ ;a- an”, ‘n-a-s n - a - i n - a - :~~~ia-a-n-n --i’ ‘Hue 1-3 m a -~~n _ n - i  , ions  that - .i e , n - c r i a - e  Opt ion

2 a - a - n - n - m I  ‘a - in - a - i r  u n - n - U a - - r !p i n - a -  a -  ma - a - ,  c a - l o r a n -  arc L’n-,p !suned ba- low ,

1 n - n - ’ a--a -n_~ n - n - n -- ~n- a-~a - n - ’-a -~ tm  1-yv i ~L 112SL

The hy dr a- a-
- n - m s  n- - a- m o n -’a-p-a- leve i Ha - iL c o f l t m i i fls the  n - n - n - n - m ba - r  of

k i l o w a t t — h o u r s  of hyd ra - a -m o n  t n - n - a t  a re a-n- n- mn- n - i a - a - i c  for  use in the
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Figure 3.3.3 - Flow Diagram of Option 2
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(n-P.

hy dra - in - a - in - n  int ersn-ai ,  ccn - in - : ’- , n - a -n- t i n - n  cn- n - n - m a - in ’n - . I1Ua -~.. at  a n . ’f ~ - Di , f l n -  ‘i t i  n -c

a - s  ~~~n-al t o ’ th o H? , ,: a- Va - n - in-C! at  ta - n - a - a -  pL -F’IiOU:I Pa-ia- a- in -t in -r e  p lus

th in - hy-a - r ca- r~n - n _ n p rod uc ed ~c~r’ inc; the iaa - n -t tn-us e i : u i e r v ’al n - cir~un-3 th e

h y c i -~a - c- a - ; a- n -n un - a - n-n d do r i a -n a -a -  ‘t ise 3, ,a-n- a-t ‘C l i m e  in - ’n_ a-. ’n- rva l .  In  n-i ~~- ‘! i t i M fl • any

p r c ’ p u n - n - n -  used as L a - n - c k up i’ua - I n-sun - ; a- a - n -  cor ~cmi d ere- ~ • ‘ta -c n - n -noun - -n t  or
— hy - lr - - ’y -n - ; ’ in -to an - a - mi  en _ n t of in - n - i a - n - a-a- a-, n-n- w a -n - i l  sl,o n-’ -age in-n -  a la -n -a n - n - mI In - n - un - ted by

‘tIn--a- hyn_i a-’a-a - a - C fl n-n- c-~raa-cm ca- li’ Ic Ia -m a -a - / ! n - a -n -~U a - . The a-_ c i ,, n -n-,n - 1n - n _ t , c - t value of

‘ 
1L2 - ~a-. at n-m uch p n- n - in t  i n-n t in -na - is fir -,, a- —n - cn - r p-a rn-a-d n - n - i  tin - zero an -n - a-i. th e

ia- a- -a - -n -i ’ of the  c -- m o is aca- i a-rn-a-d as ‘the ac tual a- a-a- i a- • L ’a-, s is to

n - rn - n- n-u t e that ‘-, ia - a - n - n -,’O i,s n - i a - v a - n -,’ any “ :n - e m i : n - t i v c  cn - m-n - ’:-a- a-n- ~ored ,i in- the

a--Ia-n-n- n -a -n -n - i l .  Zero i nit i a l  c orn -a - : Cj, tj , -a-n --n-a- a ,’n-; an - ; c u c e d  I -o r a - h a - a -  i a n - c a - .

L ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
N H2 SL ~ ’i.? n-~~ I i a - a -  c Ca - n -a- IT ic- a- s i •
C H 2 L i -~-a- 1.2
C 1 . 3

n-~ SL — in -?iR? n -G I ”, ~~~~ n - - C l  L ? - J n - L  ( n - n - n -  H )
— a - n -’n- ’- i - \ n-’ - U F lj ’:C, T I I - 4  a -o n - n -, • m ’ ,\x L’ i’JM’

-i r — liii’ I n - i E - ~-/ a-L t n n-~ Y S l
HZ °~‘ — n - n -  n-- i n - c”~~’- p~n- n-’imJG T a- n - a - ‘ r i  n - a - iC
n - c a - n -c ”  — n-~f .n -~~j n - ,pn - ; n - n - ; ,~~~ r’ ’ .T ,E ( ‘ n - - -n-~

— n-~ a-~~’ n - ) \ n - ’ E U S ’ . C i n -  a - n - f  ci
H2S ~ FF — H Y ) ~ OG~ N ST C- n -  ;; n- n- I F - r i  CU’, ” KC Y

( a-F- C i M a - L  F ’n -A C I [ C a - I

2 HYDi~O GEN Pa--n-, O D U C T I C N  ~ATE H2PR

The I-ate of a-rod n -a -a -t n - i n n - n -  c a -f  hy drogen a--i ’n- r a-mn lrn-tet” iai mm’ f tin - , .’!

is n -n - ssu m ed t in - be en-s -a -ui to the a rn ou i’ta - of h a - iJn - --’m a - c -n - a - pr o-due ed ty the

e lect ro lys is  ca -i l  d u n n-n- , -; ~Ls same t i n - - n -  period .

d 2 n -’ -n- . n_-d. ~i’2F C. K 2
— n- ’(m n -- ’ ’ n -n - ,n - , N n” , n - -” - n - ( ; C  T I (  -n- ~-~TI ( - < ‘.- ‘ )

• - i. , ’FC -- n - n - Y ) n - n - G I a -  U-~’ C ’ n -  iin - i C T ~~ m a - Y S~~S )  ~a-~ L i~n - i i

3 HYDROG n-~N 1- Ron - -n - (1 iC ,n - a - o - a - dO L Y~~: n - )  Cn -• :LL H2 1 ”C

The an - n o n - n - r ut of hydrogen pr o duct -d by the elec t ro lys is  ccli
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n a - n - i —c is e q u ; a - L  to he n - - ..n-ount of ~n- i n - n -  a -r i ca - I ,  p (sa-n-C;C pt ’~~du -~~-d by the

rotor EP Fn - i tim er ; - tn - n - a roe t i f i er  ‘a-- L ’U i c i - n -n c y  ( the -_ c n -.i f ier

con v er t s  t ine  a lt er - rn - m a - t i  rn - - n - current  pa -van - c produced iy the  - L t e r nat o r

‘Co -,~,i, re c t current p-~ -; - a-’ f in -n - ’ l a - in - a -  I a - a -  a - -- , J c ,rc ion  C f  n - ì yn -I eoe- - mn - ) n- ,

th ’a- cia - -n -  tn - ’cn - l y~;iz cn - n - IJ a- n-’ficiencn-y a-u -i” . The z e n - t i n -n- a-’ i n -a- a

: 
rn - a - 1 i ’ I  n - n - ’_ n- n-n- , n -n - dev ice  vu ’?- n-n - n ’, r’ UI n -c i n- -  ra-cy -n- n - :’n -i i~’ n - , c n-pa -o .ml:,:im i n - i 5a - 9:;;~~.

n - n - n - ore ra - r ia - s c ru tl y dc-n -s not ex i s t  an n - i e ,,n t n - o l : / - n - - . n- cel l,  o-: t n - a -  s ’n- zc

na - -a - n --a-la --I n-n-in- n-’ -thi s s ’r cn -  ~~~~~~~~~ ~- a - :- ,-er , n - n - - ’rn- -n - - a - ,- i  n - n - t a - c  t in - ic  n - o o j n - m c  C-s a

cost e_’ ~5C/ .:.a-’ an -n - 93; eta -U a- a-n- .a-~n - n cy fa -r thi s size  of cc l i  by 1985

( 2 0 ) .  for ‘a -h is  n - rn _ n -n -’a- i-a -n - t i o t l , n -n - rn - ‘ n - U  Uic~~c ra - a -n -y c-c ’ 9 d a - a -  is acnn - ’,n - n - co ’i

a- c i a - IC  .a-~~a - n ) P C  . K n - R P i  F C E F ~ 3
C c- in- FF = .15 3 . 1
C C E F F~r .o) 3 .2

H2è C — H Y ) ~a- ” C ~Ia- I’ n-~
’’ -n- ( n -n - L a - C 1 -, a - n - I y S 1 - )  (‘~~LL  ( K 1

— it, 1Cf n-~ I Pa - n -, ~‘ L- c’--J - a-m 3 ~~- - a-n- I K a- ’n- )

~.:Fi.~~~~~~: i , , i’ i F i~~n - n - ii ’~ IC i n _ i n - C  ~ ( n- IC I -~n-- L ‘ “ a - c a - i - - a - )
— i F - _~~ i- C l  Yt!~~) C a - L a -  - n -  ( t : . i L a - C Y

( L ’ EC I ’-~ ’~a- F-~~~ C t I  i a - i

ELECT RICA L a-c ’- -~, Fl :-- n- -n- O a-•: ‘n - - n - -I ;  Fn - n - - ; O R

The usra -chanica l  ou t p u t  from the  rotor is used to t a--n the

altemr ’nator to pro duce eL:a-trlc -ai pa’-:,n- c r .  The a-~ .n -n -c tn ica i  rxnvcr

boj n s~ ge nera ted b-v -a-he r otor a rba-’~ n - - t i l l  c~ n - n-zL Pin - a -  mn- ,c i n - r i t ’ ; i l

power from ‘t h ’n - rotor t in -n - se -s the al t - a -n - i -na -t ar  c f n -’ . i a - i a -n r y JU~F F. a-

A EPF~~. K = C L I r ( P F c . ’ F F . K , 3 , 7 r ’ R•~~
,
~~ 

4
E P F R  — Ft., E C T R I C P L  Pa - W CFl  cRC ~ Pa-~iTO R ( K n-’1 )
C L I V  — ( c ~~N~n - M C  a - c i t C  FUNCT tn - C a-

- p a - c - — a -’ nc~-a-u f ln -n - ,’’ -i 101CR ( K- i )
A E FF  — A L 1 a - ,~ r-n;, OR n - ? n - 1 C I~~NCY [ a - c a - C i t - n - a - I, F R A C T I O N )

5 ALTER~iA TO R E i n -n -” I C lFn - NC Y AEFF

The alt ernator e f t ”n - c i€n ncy  is load n- p e n - a - l e n t .  A t2, -p ical

eff i ciency—load curve for an a l terna to r  is shown in f i gu r e  3.3. 4 .
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I n  t h i n - n -  ;~~t n - t ’ - n - a -u t i n - c a- t n - - a - n - s n - t a r  - i n - l i ,  i - - a - n - J I ’ n - L’ u L ~~n- a- u r d -  a- ’ [‘ni l load

at  the n- a - t a - a - - I  w i n d  a-m a- n-a- c-i a-io , t ’ I s -n - .n -  • a - h o i fl a - -n - i u’ ,n- t i n -a--a - of th e

at  a - -n - c’n - a - a - z n - - - r n-U ‘ a - -I C a - n - -n n - -a - -n- -n -uLn -t~n - -~, ~a-y c a - n - a - n - n - a - - n - - _~~ n - a - - a -  In - a--.’ ‘n - a - is a-wa-c’

n - ti l l , ~~ n - v , n - i 1  n - in - i e  C~- - n - a -  I n - s ’ s  n - a  n -cr ’  ‘n- n-. the  ~‘ n -  a - n - n- n ‘n - n - n - n - i  : ;u - ,- -~~t . The

r t ’ n- ’ i a - i n- n -a -cy ot ’ t n - s n - c  n - a - n - n - t n- ’ , c ,n - .a-n- n-~ at a-mn- 0 n - t n -n - n - n -  p o i n t  n - - a -  t i n - a - c  n - - n j  the n a-

n-n - a- c - n - n- en - n - a - c n- -n- n- !,- a - a -~~n - - i  c~ n - n - -’? a-i n - h - n a- ‘ - n - a - a - a - n - n - in - n -n- F c n -  t i n - r n - ’ . , \ n - n - n - F

~ n- ’n -~~~ c’ n - a -  n- - .l i n n- n-a-? .n - - ,n- :‘~n-rn -n- n - •n-n-s n - a - i n - a - in - n - in l-’i ,- n - r -n - 3. 3.5.
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X f L , $ / ( L / ( n - - f , ! ( , ’ j . / , ) n- ’ / i , ’, / - n - i / ) i i  c , / - , , , / n - i ,- / C , ’ / c J ’ ) / l - , / ) - )
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x / l - , a - f J l / n - ) ( / ’ J c /  I n - - ,  -) c / n - )  t / J f /  I a -C / I ~i /  I ?/! 4 / C l / i  b f O l / 0 6
/ n - ; a - c / n - C i / t -, - i / ) n ,’ a - a - ( / u n - /, n-’ / ’ C ( /  iI/ n / ’) ) / 13 /  1 a - / L n a -/ ( ) n - t / l ’,

‘.5 — ‘ n - n - n -n - ’ )  S n - ’ L~~’) ( a - a - n -- i’; I
— ~- a - n - - i ’ L , n - i n - n - a -  S - c a - n - ) ‘La- I A  ( K - a - - I T S )

-) n - c a - n -n - o n - n - a - C l  i,a-i n-t a-~~a- RA’(’ E i n - 2 n - J I~ -

‘a- n - a - a- a - a - n - r c a - n - n - n - n -  n - n - n - a - n - a - a -  “ a - a - tn - 1 - a - U n - a -  L~- .;i a - n - n - C r n-, a-) the r ’a- y ’a - ln - -n - e  L

n-a - - a - n - - a - a -  mn - ’~a - .n - mc i - n-PU ca-f C p a - i s a  1. in - n - a - un - f  a-n- U,i ia- .n- ~- ja - n - r n -’ - n -
~~ t n - n - - n - pc.n-np

- - a - - i’ -i  a -na -a -sd F~ D a-a- le rg n-, ,; the n-n- a - n - n - u s a -  o f  In -yd a-’n - ) n - ; i~ fl in - n -  s torage

is -~ n- ’ - a - - a - -t a r t in -a -a -c a a- a- -.- c if ’L a - C  ion-n- ’ n - a - a - a - n’, ’~ C o - i n -n - i n -thI n - ,  ~ h - n  ta-c

~~‘n- ,Ir’)a-n--a- fl n-n t -a - r a a - a -  i c - a - n - a -I a - - n - n - a - I ,  ~ rn-a-p s ‘c~~,i a- ,-, tEL, a -h a - pun-n-n-p w ill n-n-cas e

a- a- a- n-’ - ‘n - a - i ,’n-: ~ n - - d r o a- a-, n - sn - .  ‘- la - a- , a - n - .  a- n-n-’ the a-n - in - n- ) Ia -) tn - n - i’n - a - ,a -n - I oCt ’ , “ n-a- n-n-n - a - - in ; ” tin - me

is a-n- n - n - n a - a - l n t j n - a -,n -~ . ‘a-r n - n - -  a -a - ’a- ”a - n -,- - -a - n -a n-I o a - a - i~’ t o le ra t e  a sct  an oun -it  of

a-i n -a- - a - n - a - n - t Un-sa-mi per dan - ’ i n - a - A .  - c  tn -a - -a-n- a - n - ma - - : tn - n - i t  cC c! n -w n-n - t a - -n- n - i a - c nn - a - a - n - m i n ted

is ‘a- n - n - n - a l  to or r,’r -a-- :, ’t, ‘a - ’ a - i a -~~n - n - a-ia- -t n- ‘Un-a a - a - n - a -tn - a - n - n n--a- i 11. 1a - n - a - -, irn - a- a- hu i’rn-

p a - c - m a n - n -  as a ba ck up.

T n - n - er  n- fore , in d -n - t a - a -- a - n - n i  ‘n - - p In - 2 U R I ’d - ’  t in - n - a - n - n - - a - a t,, intn -:r’ iai  of

t i n - n e , erie f i rst  CX aa-’n-in’n-a -a - 3 t n - n - - n -  s’jn-a- tc’ .’s Ic d e t , n - r n - a - i : s c -  1, C U n - n - n - n-a-a - n- t a - r n

was accunsulat ing down t a - ia - -a - - n -  in the p e n - n - v i e - n - a - n  t i n - a - - n -  in te rv al .  I i’

ri o d-a - ’~ri ‘t ira -e wan c c c m m n n - i C a t i n - n - a - a - n - ,  :lia-~ a- Ta -n -n-I will  - - n - i  FP’) . it ’

n - i -a -a - - rn t irn e  was acon - snula  t n - s t  a-a- n-sd D C , -~ h-n-s not  been ~- a--ns-” a-’ieci , the

n-~’a-, ’ n -  t a - i n - ; wi l l  n - a -h a - t d own -n - for a - n - ’a - n -~ next t im-n-c in n - a -~~a-’val. And if dn - n - .v n

t i n - n a -  was accu:r .ul,a- t i ra - a - ’a- a m a - a - i  [n -TA has ba -en excee dn - . d , n - :2 a - - R w i ll  equal

PI’D.

I~’ I n - n-n- .~~
,
~~~C L I P ( ( L ! n - ’ ( n-’ a -’ , . K , n -3 , -1:n-; . ; c .. ~ , a - n - T \ i ) )  , , ‘ l ’ n - a - . < , 5 T - a - n- a- . , j ’~~,n  ‘~

C I i1A ~~u
— I ’ y n - ’ -; ’ c n - - N  LSA’.~ . Il -n- Tt I K tn - )

I
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~~Y ’~ ,\ .1 a - J  i n - t a - i n- : n - n - j a - n -’; r i i - ~i
— Pii- ’n-~ p a-. ~ a - c ~‘ ~~~~ ) ( K,) I

1n-eu\ ’ “ ii ) a-i T ( ’ ’ c ( n - I - ’ ) J ’ ~~5/ ) - ~‘y )
I ) T ( n -  — i ’ n- ’ -~~n -a - T j — c ’ \ I n - c , n - n -~~) ( n - n- n - n - ) a - a - 5 / I n - n - \ y )

) - ,,, ,n - ’
~~ T i ’ ; L  ‘, C n - T a-J ’-a- n- t,, . \ r ( i T - n -  l . a - T a -  (Ka- )

10 a-n -J: a -P j’ n-,n-t ,’ n- n- a -n - PUM A N D PPD

- a - ’ n - n - a - pn-n-n-n-n-p a-,- .-;ec io a- ,m a - n - n -’.-i cC Op tion -s 2 d i a -f t ’  a - r n-a -  f r o m  tha ’~ of

n - C a - U n - a - i l  I • rn - n -  Op  ‘i o n - i  1 i t  a- .- n - a - n - ia - n - n - i a - - a - n - n - a - to haa --~n- UI-- a- n - m a - t a - a - n

a- n - n - - ’  a- - n - -a - -a- a- ’ the W~ , n - .!  n-s’a~ l n - In - a - -’, : a - n - ’-~ , Due n-,o a-In-c very large (n - a - sn - n - n - s i n - c d

i n n - ’ i n - n - i t~ fo r  pn -’ a - ’n- - ’n - n c ’ a-a- ia - n - n - - a - - n - ) a - ; - .a-i’ --n - a - ;n -mi  c:-n - r a a -n - i t y  a-” O -n-,a- a -a - i on-n- 2 , t n ; i~ 15

1)0 i n - - n- ’ n- a - a -  i n -  n - n - a - n - ’  t n - n - a - n t .  ,,‘hn - s;n - -a - ’.’-.a-j’ t n - a - - a -  n a - n - n - i  i n - a -  ~ ic - i a - a - a - ,  ln -y i a - n - a - g a - n - s  n-v ill

Ia- n - 1- a - i n - a - a -  p-n- -s i a-c ‘-i • ,-~n - n - ,i ,\ ‘?‘ ‘ a - n - n - - n -  n--er n -h o  a-y n - n - tern is v a n - n - n -  a- j rn -~~, ha -a - n-’n )nr a -n

n - ’ I l I  a - :n - n-,,-n - In - n - a - n -, n - -’, a - , a - n - n - ra - n - -a-n-i ,

.1-n- ha-a-n-s a-l a-n- a - - a - a - n - a - v  ~- c n -’’a- n - n - n - n - n - a - n - o n - n - e d  • w i t h  a 1 00 n - a -n-v pump,  the

a-’-n - ’ a- a- - a - n -  would r.-’n- -d  to P a - -mm n -a - - a -n - ’-a - tin -n -p n - ’n-’a-t’n - n X in - a -mn -t~ ly o C; ~ of the t in -ne

( J i - ’ i  n-a --i n - a - Icr .6o) i n - a - c- n-’a- Ia -a - ’ t o- ‘n -a - n-a- the a - - n - i , , a - i - ~~.’n- r a - n -; , ia - n - n - a - n - n -a-, ta-~~.

a - ) 1 r a -a-a- a-n- in - I S  ia - n - m n - n - - a - -n - i h n -, ’ n - ’ n-n- t n - n - a - n -i i t  rn a-n- ,k - a -a-3 n -n - a - ) n - i i f ’ t ”a-’n-’.- ,- n - m n -’, n - n -  wh n -’n - i  th e

pa -n-a-np in- ; c- n - -n- , a ; l -n - :~, a- a-~ i t  ‘a- a - a - n - n - n - a - . 6 a - -~ on -’ I Ia- c P i n - a - n - n- , in - n- n- n-n - a-a-i rn-n-a-tn-rig

i n - ;  t’n- n - n - n - n - n -~~a-ti to a-ia- n-C C,J .,a-na-I £‘-a - .I a - a - a - at  a-qu a I to ‘ a -cr c .  So inn; ta - -n -i of’

a 1(0 k’! n - n -u n - a --p c r a m - t i n - p  6C~ of ti n e t i n - i a - a - a’; in Option 1 ,

th i s a - y m a - t n - p .  n - n - n - I n - m a - n - a - n - c a - n - ;  a on - C n-n -~’~ :‘- n-n -na -p a-n -a - on - n - a - i i c ’ ; I COP O n -’ th .a-n - time

rPn - ) .K n - ’ c i  I n - n - (  t IP (  n-a- ,n -’ a -t i~~c C C  ,r m n - ,a - • K ,  I - t - ra-) I n - r )  ,J  , I I  n -t rn- )~ , I kRO~~) t O  -

C PR ~~iO 10.1
C P1F F~~.3 10.2
C I ’ t -Un - N~~2 i6 10.3
C !~~~0FF-C’~cn- 10.4

P PI) -‘ a - n --n- - ’ i ’ ’ : - n- n - n-, in- CF~~A NI ) t n - -a - w i
CL IP  — L’ y N,\ ’ - t n - n -  L’) n - a - l C  ~u n - n - a -’ t i 0 - ’n-1

PR — n- ’ Ua - n - ’  R \ l ( ’ ~a- ( K . 4 1
P EF ’I — Pl,I’-~P [ i n -  ~C n - n - ’~C Y  t u -  C I n - ” A L  F l -n - AC TION )

t i n - RO F I — I l n -~C t n - n - n - n -  I n - a - \ t I  a -N IS  T l I k a -~[ ; OFF
IR RC) N T ( M ~ I R n - n - t O - \ T C C N  ( S  IJ P\ ’ i O  CN
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i~, j’ m~ : a- n- a-’ , ,~~n - n - n - :  n- p n - n - n - n -  Pug

- Ti n-c  pr- n - n - n - -n - u m m , ,n - , : n - n -  i a - n - t O  V n - 2  a - a - n - ’n- ’ a - n -~’j a - ’n--’ a - n - i-s to the  trac tor power

ta- n-a- .a-’i a-n - -n- in-’n- n - a - p a -  t n - a -  1. n-a- ‘n - a n - n - n - n - n - I c  a - a - n - ’n - n - : m’; a -n -a - t ;a-n- 1,-m n--n- k u p  for Opt ion  2 ,

- This P a - c t~ up  n-s a-n-. n- ,’ t ia-.’a n - - n - n d  n - a - i n - n - a - n - n -  t i n - - a -  n - y-icn - a-n-n a - t o n -a- n -n -n- pc - Ca-- ‘.‘ci 1{2SL

f a i l s  h n - a - i c ’ :  .i sr- ,- n- ,’ i a -  I n - n - P  la-w a - n a -n - - , y t : - ; n - a -1 a - - n - n - n - ,  Th e r e f or e , at

a-- ny a - n - c a - n - n - a -  in - s  t i n - n - c , a-a-n - s in -) n - n - a -~, n - a - -~~~ 0 n-sea -c a-a-’ Cl I n - .

- 
i~ n-~~

n - J n -  •l - ’~~~n-J - n - t - - - n- - n - .~ ~~~~~~~~~~~~~~ tn-~~~ ) 11
“ ‘ I -  — ‘ a - - ’ - ’ ’

~~ a-a- n - c - , ’n - n -, . n -  n - n - n - f  (“- - - I
(1 1 - n - n - n -  ‘ a- n - n -n - a- i, n- ’ . n- t n -  n- ’ ) ’  C T I

p a - a- n- - -- j n -’ ,’ a - n - a -n- n-n- a- n- a - ,  \ ‘  n- .n- I -‘P ‘I I
— O n - a - - I  t i n - n -;, ( - 1 ’ n -~~~’ / ) \ n-~)

- 
UT.’. —

- 
- - . - ~ ‘ n- i I n - n - i ~~~ n - .- . n- ( - n - - n - n - - n - S /  i . ’n - y )

12 P1IJ 1a-~,,\a-i i r a - a - u

- Fn-’c n - a n - m ’ n -  u~~o - C ~~: ‘ ‘a-i. C - a - -a- n-n- I n - n - .a - i a-n-_ a - a - a - n -a - a - - n - n - i n- a-c a- ’ n - a - ma- ‘to t n-a-i l n - - n - a - o n - n - n t  of

propane uce a-n-I d u r i n - n - . a -  a - - n - m n - ’~ i a - n - n - - i l .n-, t i n - a - n - n -  n - -un - a -, a- a -n -n -a - i n -  k j J  n-’ a- n - n - n-n- a- -- l a - n - a - -m r of

- pro n - a - _ n - nmn -  US Cn-I a - a - a -a-- ~ n- a - n - n - n - n - n -  a - ’ n- “i n - a - n - n - n - n - n - a - n -  I’, t n - n - n - n - n - ;  La -c a -’ n-,,’ - _’ n - a -~, n - n - 1 ’ n -  ‘ a - n - I  ‘n-fl tn - n - t a - - t ‘a- t n- a-

- n a - n-a- n-’ t of th e nn -yst ’n -ra- , Pa - i n - n - I  a p n - - ! n - , i  n -s t a - n - a - n - n - n - i. n- a- ~n - n - a3 ,  n - a -  n - a - n -n-n- value

of Pd at tn - ne  pr evious p01st in - -n- ta- m a - s  p lus UI - a - - n - ‘-n - n - n - n - n - n - n - n t  of pro n-n -ara -e
- u sed d ur in -a - g the i - - s  I tin - rn -c i n - n - 1 a - - i ’ v a - a - J. a- en ’s a - n - n - ; ,  h a - i, c~ - ; ’n-d i t-i -a -’ ma - c  are

as sun -n-n -ed

n- ’~ i~ ~~ 5 ,n - • J~ ( f l  T ) (  ru-a - • J~ ) s ’ 4 12
l n - i I T t a - lI, ‘ l’ N n - ) I T l n - ’ N S

-‘ p P a- ’ a - ’ n - a -  Ua - - r a-’ ( ‘ n -, ~n - 4 )
- DT — r i - - n - ;  i n - n - t n - ’ n-n - v t a -  ( n -”- n - Y S )
- P a - r n  ~- 

‘ n-~ n - n - n -’- n - - - n -, m, s-i ;a- R n - t b ’  ( K - n -n - )

13 DOn -’N TIn - -a - i - I DOWN

DOVn -’N is d e f m n - n - n -,,’d the n - ;, n -r n - ; e as in Opt ion -n -  1, Howe v er , a-n- i n-n-c e

n- a- a - i b m 2 i a- n - t e a - n -  I,-a-~~ d t n - a -  a - a - a - n - n - r i  to  n-,a - o n - n -U i s i u n - a - n -u n - a - I y  n - 1 a - i n - ’ i n - n -~. a - I n - f i n -” , n- n- i. t 1 . y ,

and Aun - ;ust , no ac Isa -n - i down ti me wil l ,  a cc unn - i l ,’tt e • Th in- ICCa -C N level

I
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is -.ta- p t i n - n -  t n - s - n -  n - n - : ’  a- ’ n - ’ ’ i u n -  to n- a - n - i a - n -  t a - n -  r n - on-f t  1, n - a - - n - c e  i’ C n - m~ ,i1a-1c and to

h n - ’,’ tn - O p t i o n  a- n - ’ n - r - i l  te l C a - t i n - a -a - I •

i 
; n - ,~~.c St n - ! . . n n - ( . . J ~ t~~ m - t , j , u - - 1 t 4 , ” t J n - L~~

) 1 3

n - n - n-~~i n - )  a- n - i  I I \L c a - t a - ’, n - I  i i  -~~ ~~ 1 3 . 1

C n - ) 1 l ~~3 - 
1 3 . 2

ç 1, - - ’ ’) 13. 3
L n - n -  n - n - - a -  — n--i n- ; .

~~
’; r~~a - -n - a - n - n - 1 L Q,S / U n - Y )

‘ a -S i  n - a - n -  n- - ‘  ‘ a -n - a- n- n - a -a- a- ‘n-c n- n- k ( ‘ i  ~“ ‘- n -~ Ia - CNn - . ES SI
c.i n - c  -‘ n - m n -~~ ’’ ’ i : . ; tC  i n - n -  n- - n- F 1 ’ .~~

p I n -  — I R T . n -  h -n- i ( ‘ t l - ~~~~~ !I t ,  I n - n - f ) ’~ n- !n - l n - n - ti n -~S)

- I n-~a - ) a -n- n- ,-IJ SU ‘ a- ‘- n - n - i i n - a - V a - I ,  I K - -H I )

L a -  L ‘ t~ n - n - n --n - a- a- a-a- a-, V I. ‘v,: I, (K -~ l )

i n - ,  O n - n - n - \’ ~
‘ n - .  a- n- ia - - a - a-a- a- t n- - a - o N  PATS

n- ”- ’i ’ , , n-’~ 
a - - ;  t n - n - n - n- a - n - n - a - n - n - n - a - r i  O n - n - i - n - o n - n -  2 as n - n  O p t i o n - n -  1. n-n-n -a - n -a l a - i  it

sa - r v n -- s n - n - n - n - a - n - I  n - n - i n - n -i, a- -~~~~ a- ta - LIa -’ or not -n-h a - ~~~a - ’. n- .n - n - a -  ‘n - a - n - n -n-,a-,n-:n-l ‘,~;j n- n -

t i n - a - a a - tn - l i e  n - a - n -  C- sc t a - a - n - ,ly - i in - ’cct ly  a- n - n - :  i a - c r  -n-inn- ; the ion - - n - - i l  of

• DOWN, 
a-

I t
I-I I n - a -  — a-’ -” ‘ n- j c , n.’~ - n - n -  U . n -a - \T ‘‘a- -a- T a - ( — n - a I
CL I - - — a- a - a - ’ n - a -  t, a- a- n - c  n- - J ’a - C 1— i a- n-’

a - _ n - a -  — _ n - ’ ’ n- ’ I a- ,; n-5 C i a -~ ’ ‘n . ‘)  ( - ‘ P ,-~
— n - I?  n - t n - c t ’  St  :- ‘ n - .;a- n - c a - n - a - n -  ( K - - n - m n - )

L i t . — La-H P a - a -  ‘ n - G Y  i n - v a - n - .  ( - n-n - n )

15 n - — 1 n - )-r i - a - a - n -i s n- A - a -  UP I N P F X  SSI

SSI ma - s - n - to tin - a - Dn-PU’N ac-a-’-n- n - n -n-n-uiat c-r to n - c r c  every 24 hours  at a-

n-m n i a - n - n - i  a- i n -  In- ta -n -ca- n-’,7n - 5c’ n- n - a - in On a-. i n - n - a - n -a- 1 • F i a -n r c  3. 2 • a- s n - a -h n -a-ws ~~~ .C-~ hn -n - -,n-r

pe r io~1 .n- a - Un - n e  computer  i n - n - t e a - a - r e t -a- i -n - s n - n-  ta ble f aa - n - n - n - n - i t .

A SS~ • ~n’ I -\ , n - n - L  I n -a - s I T  , T 1  - n- . K , I n - a - a - C N ,  I RSa - 1 l  F ,  . 12’,)
T ‘a - n - S I 1 - — ) 1
X n - / n - I n - / I l l  i’ I /  t / n - n - / I ,’ a- ‘ t  / t i i i n -  n / ) .- I / I / i / t / t / i / t / n -~/

I f  I / I / I  ‘!/ -
, t i n - ”  I / I / / I / 1 / 1  /1  / n - / i  / 1 / 1  / 1 / 1 / 1 / 1 / ,)/

p

X 1 / 1 / 1- ’ 1 / i i n - f  1 / n - n - ’  I / I I / 1 / 1 / 1  / 1 / ) / I  / l  / 1 / 1/ 1  / 1 / 1 / 0/
I / I  / / 1 / 1  / 1 . ’ 1 / a - / I  / ‘ 1  / 1

~ S I  — S V a - 1 m~ ’n- S i - i T t . ’, l ’ a-~ z - \  ( n - n - 1 ’ n - :\ S I - n - N I [~~ S)
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- 
r~~- n - o  — n-n - V i a - - n - r i  i -nn-I. i ( n - n - I ;  — 1- 1- -”) 1ul - 1C T1O ~

n-
a- .”  r — c V ’ l ” ’ n -  s i  ‘-i’P i - - a - - ic ’ <  i - n- n - ic

n- n- -a - -a- a - I F  — I n - - i - n - ’~~n - - n n- n- ; - ’ T L - a - a - a -  1 r u n -i a - ru  n - ;n -~~
ti n - I a - I -i — i t ’ l l  1. - n - n -~;I nn - n -’, T t n - P t i n -  T i J n - ’n -’~

n-a - .) C”4

t6 a- ;-n -a - n - n - n -~~ R U i ~UP ( W i n - a - a - ) )  n -n - sd I ND EX ESW2

‘n-tn-P.- ,’:-C is Pn -c n - - a - n - a - a -  as ia -s O otC , n-a- n-a- 1 , ,  n - Y n -  n- -n-a-; ta- -a- -a -rn -a -n a - n - a- ,  or

n - n - r n - a - :’a - n - : ,’ n - n - n -  tn -n -n - a - w t n - n - c’J a -ha -n -i n - n - a - a - f l  no -i ~ a- ex’n - a - - an -- ira - C n - n- l a - a - a - tn - a -  the ra,teca-i - n -

n-- n- ir .n-I n - n - n - a - c -n -i of t in - n - n - s’ja- torn.

a-p ‘a -n -n -’ a -C ~, - n - n -n - I a - n - a -Ce s tn - a - r a - ;y a -  ca n -a -n -n - a -i ia-y is a - n - a - n - sun - n - n - n - n -cl , ti n -n -a -a-a-c i n -’~ no

n - n - n-n- a - - I  :l’n - a -  rn -rn - a - a - a - wi  a - n - a - ; i n - s  C p ti o r s  1..

A i S n -- n- ? . ” a- - - C I ,  ‘n-~~ ( a - ’ n- a - ” -n- ,3 ~~i ’ - 5 ’ a - S~~( n-,~~
’;.— n - ’  n - c .  < a - - a- n .-’ - — ( . ’- ( P ( . ’, )n- ;51 ’-

lb
‘ 

U S - n - )  I S  J5[ ,) t a - n -  i a -a - I L U - ~~~ T n - a - -  ‘ -n - - n - T i - i  - n - I - n -- )  s - ’:~~ n-a - i Y n--i ta-l s- n- -si a - ’~i
— i ’ n - i ” ’ n-’ S U h~~L J S  ,n-n - P n - n -~n- ( 2 - n - a- L ’ a - ’n- , X )  n - K — H )

CL I - t — n- n- -a - -
- n - u n-PC I C r n - ia - CT i - _n - a -

— I n - i t - n - a - n -  E~~a- I a - t i n - n - a - V  ( 1 a - a -r t Y ~~i F n - a - n - a -. T I  n- rn-n- )

~~. ;t n -: - ’ - a- — C’ n - - n - - , f l n - n -n- Cn - n- P’H - V, 1 ’a - N f  t i t ’ J ’ V1~
’ n-’n - 1  n - ri ) n - S I~~n - : a-) a - ; n - n - i S

n-’5 — - L l T - ,’i - ~ S I / i  (-; -~- .-‘- n-ii n- _ t ’ - a-
~~

n- n- 1 - 4 )  n -a - n -:a-i p n - n - n -  - n - ( < a - l i  SI
— n - I a - t a -~n - i  P a - - n - iC 1u - n - - a - t I n - n --I

n - n - n - n -P — n - n - a - j c t  S C - a - i n - i r -p, a - -i~ - n - i n -n-n - a - i a - I L L  t a - I a - I T
I ! ‘n- ‘-it i i a -  ; I a - n - I  VI a - a - , a- n - a - ?  a-,\,t ‘-n - a - n -a - T a -  a- ‘n-’ 1 - a - n - i a -

• C l~ — C UT  - 1 ‘ 3 — S n - ’ E c O  I n -n- ’. i a - S  )
r~ n - n - I )  — n--a- ‘n - n -  n-f in - -a - n - n -n - n - ’ 5’ a - n - i n-) ( K a - n - i  S ) 

-

1 7 TO-rAL ;in -a - a- a-a -a -Y SURPLUS ( \fln- ND ) 2nd I NDEX TIn -n -SW2 -

‘r-1- ;S - .’2 keeps  a-’, r n - s n - n - n - n - i n - n -,; total of E Sn -n-’n-’2 thrc-n-n - n-n -h the s i n - n - a - u i a t i o n

ru in - as in  Optic’s • T n - n a - n - n -  ic’,-el i,s c-cn - n - a’a- ‘to n - a - a - Pn-n -2 u- a - to the

j , I’c vin -n -’a-n s pa - a - rn -I is t i a-a-n- c p.n-,u a- 1 ‘the surpl ,un-i wind e n - s n - a- a - ’-py ( Z n - i a - I  i n n - i n -n - x )

of t h ’a- p r e v i o c c s  p- :nicd . n- a-n - ia - a - n -  units are k i lowa t t—hours  a rid zero

i n i tia l  ca - n - n - n a - li n - i a - n - n - a -  an - ’n - a -n - n - ta - n - ,U 7n - it”d

L 1~~S , . ,c~- a - r - S , - ’ . . J 4 t n - n - T I t n - S . C . J ) - d  17
I n - S K ’ ~~- n- 1 ‘ .1

n- a - I n - ’  L a - :  ‘ a - V  S t - - n - ’ LUS c n - ( \ n -n- (~~~~
a- j I ~~~~~ ( K n - / 1 4 J

n- n - ’ — i i - a- n- i -n- i n - v  - - n- I n - a - n -  n- ’ a-’~)
t ~~~~ 

‘ — n-~~ ‘ n - ; ’n-’ s n - n - -‘ F ’a-us ‘~I - -m U (C a -o I n - -. a - - ‘ a - )  1. -c -n - - I )

- -_  . — ~~~~~~~‘~~-- —‘- 
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13 ( :n - .n- -a-A ’a-) C) n - a - a - n - AL C OS T CC

a-. , ‘i, cos t 0-0 i s  c ;- n - ta - n - ’n - n - a - a - a - -- t l  a - n - i d ol l a r - a - s  • CC i a - i - n - n - u - I n - n -n- the

con - ts -a- n-a-’ the ‘L otor , c-i ta-n-a-a--n -n - t cr, c ) . - - n - ’ t~ ’n - n - i y~~ n - a - a-  ccli , an - n - a - I n - h - n- ~n - n- ’O jn-2ifle

used a - a - a - P  urolla-sn-n-e tar-:. The i - a - t n -m r  c a in - a- --  a-a-. cn- o iin- t in - ; the c a - i n - n - n - c  as

in Cn - cicr a- 1. AILtca - a - n -,n-: n-a- a-’ c c - a - t n -  % . n -  n - I n - c  z n - -a - i , a - 1 a - - n - c’, n - n - a - -a-n -i oC  -~a-~ O/kW

r a n - n - a - - I  o n - a -  t n-a-s t a-i:’o cc- m ’ ‘ o n - a -  n-
a-

n - n - da - n -y n-
_

n - n - a -  n ’i , t a - ’n - - a - n - ; a -n-a -n- n- ’ ;  in u h n - n -  s i z n - n -  ra,’n-~ o

r ej  a- ’ea- : n - a - a - n t ’ a -n-i b’j  ~
a-n- n- a - ’ a-n-

a- a-r  Ti n-~ c ia-n-n--n- a - - a - - n -ia-a- a-- a - i a - n - c -n -n - lI cap it al  c on - n t

( . -h n- n - /
’S)n-i ) ia - n -  a pro ,~ec n - n - a - l a - i a - a - u r n - n -  fa - ’a- a-rn Cc nr a - a - r - n - a - i ,  l -n - l -n -ctr ic  fo r  ta - n - n - yea r

~905 ( 2 0 ) .  Opera a- isa - ; a- n- n- m n--n- cs ira -e lu de the n - n - a - n - s  of the h e n -n -k up.

T ,n- o sa - an -n - ,n -  a-~~,’a--n-c i n - n -  th -a - n - a - n - n  ‘n-ha--a-c-ca -cod c-f ~ 00 oa,i l.a - n - n - - n -na - a - a - i  a- n-f ( 1  ~~ ,~I - OO

kW h)  lease fur  a round  n-~3, n - n - n - a - na - i n - ( ; ~ 3 6/ y e a - n - r ) .  Pr op n - a - n n -n - is pre sent ly

available a t  a cost a-a-f n~ n - C. Z i/ 0n-n-Jl-a-n (3 1  n-c - ;n - ’n - )  , n - n - - h i s  cos t n --till

n-m n - n -n- -ely r 3a-ma-i ’a-a-a- i - n- cc-n- . : in - n -,; y’n-ars ca- a- a-n -n a-ag a-h-a - cc .n -  a- n-a-P -a-he ‘
~a-aca- ic up

to r i se .  n - n - n - a -a - ’ a- ’ n - n - e f o r e , ta -n - n - sy s tem -n -  si n - n - n - n - l a - i  ba d a - n - , L n - n - n -’n - a- d so as to

L c (j ’n - i a - 3  ca-s a- i n - a - sic ‘a-- s-a-n-a- n--n- up as a-n-n - :- -
~-s l l i c  a - i n - n - a - i  n-is a-n - “ Uvpin-n-n-al° yaac.

It is assumn -a-ed tha t tin-a-n-n-re ex i s t s  an --n- t - x n a a - a - a - ; t ’n -n-I n - a - n - n - well n - a - n - n - n - i p in ing

already,  thus  ‘ n - h a - i a -  c n-n-- , n - t s  are rio t cons idered ,

C C .~n-~~~S ? n - l c ,c , U , \ T n - / l . C C 4 r i a - L .\ T - n - C i L t , C(n- P T a - - n-a - CC , . PU .~~ n- P a - C 1-3
n-i n-n-P ‘103 1 5 . 1
C n - n - L C 1, ’~~~)

C a - C L ”  ‘a - 1’ P n - L T a - -n - t 1 n --’~ F r r  j n - 3~~3 - - -

C C n - L L C C n - ’~~n-) j 3 .4
a- n - a - ’ -a - C C ~~) n-a-’ 1S . I i
C p CC~~m 3 . r 7 a - ; :a- f a - — 3  15.6

cc - — ( t ) t ~~L )  f - a - ’ n - I T A L  c a -n -s r ~~~In- c — n - i n - a - n- ”’ s n - t a -  ( 5- .a- - - a - P ‘n - i - T a - - / n - S I
R C C  — ~a r n - ’ n -  (‘, n-’n - a - ’ l n - ’t t , a-- il ( n - / S  31 5 -n- R I” ‘ n - n - i t  P )

- A L 1 ~~~ I — -n - L T I n - ,’-n- -a- T n-~ 
- n - a - ’n-~~~n- n - ’ ( ‘ ,n-

~ , n - )

t a - C C  - \ L ’-’~~m ,\ i  a-~ L. n-- - i  I ’d C ) T  C n - i n - n - n - n - u n - n - n - C
I n - n - S~~ n-~ t L ~~i a - U ’n-- n - ’ )  a - a - n - n -i 1. - F a -  C,t ’-~~ t S )  1 1 1 < - n - )  a-

cn - : L L~~n - n -~ 
— n - I L L  -n- - a - r n - n - n - n - n  ( K ~~)

C r I L C C  — c C I . L C ’ n- a -’ I T.\ L C, n - s r  I t / K - n - I
— 1 Aa -- I -~ CA ~’ I T  \ L C a - S I  ( I / V E ~~~)

- i,ii 
— p a -~ n - n - ,’ a -~~ n- n-_.- -o” in- ( K ~~ - 5 )

PCC — i - a - n -n- ) n - n - A r a - r  C - n-
’ n - ’ L T - \L  ~ ‘ n -  a - I  I S/Kw h )

I

—~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ :.~ - - -  ________________________—

~~ 

___________



-,,,W---—--~-n- -- n-n-n -n -~~~ , ~ , ,n-n-~ , : ,n - ’n-’n-,’r ~n-n -~~~~n-’ n - ’v,n-n-”' —n-n-sn-,,,- ,, ~~~ —~-~______ - —

- ‘ , i a-n- ~ a - - - - n-~ a- — a - - a - n - - u - - i n - .;

14 _  1_ -a- a- n- n- n- n- n- ’ -I n-
n- n - a - a -

n- n - u ) 1- I I - C ~

n- - n - a - n - n- n- ‘n- i n - n - .- a- ’ l a - n -  n - - a - - I ‘n - a -  a - I n -  a - n -n-- a- t n - n - n - n -  n - i n - n - n- n - n - a - i n - i a - n -  n - , a - n - mn - n - n - I a - )  -‘ ,- a - y -. n- t n - - a - n -n- ,

( n - n - a -  I v — n- - n -  n- n - i ’ n- n- n - n -  n - r n - a -  n - - n - -  - n- -a- - n - a -  - n - n - n - I n - a -  i n - a - n - n - a -  I - a- ’ n - n - n - i  - n- - - i n -  a- n - i • a - n - I n - - ,

n - ’ , ’ n -~u I ; ’ ;  n - n -n- -a- ~i I n - n - n -  a-, ., - )  n - - a -a - a - ’, ’ - a - - n - -n - ‘ n - n - t n - n -  n - I n - a -  - n- - n - n - n - n - a - i n -  n - i  - n - m n - I n - - n - it ,

I n - - ’  I n - i  n - n - n - n - n - .n- ’ ‘ n- n - n - n - )  L a -  n- n - i  ( i n - , ’ I n - n - _a - C  n- n- n - i a - t n - n -  n - n - n -  ‘ i - n - n - l a - a -  ‘n- , & ’t i  n - n - n - I’

n- n - a - n -  - a- - : n - n -  i n - i  n- n- n - I n - n -  - - a -i • • 1 n- ’ - n - n - ’  La- a- ta - n -  - n - n -  I a - n -  n - a - n -  I a - ,  n - a -  n- . - - n - n - _ n -, • -
n- n- ’ - n - ’ n- ’ a- I,, I, n-a - n - i - - 

—

‘n - ma - n- ’: - a- l - , n - n - -~~n - n - a - ;  a - i n -  - n - n - - - a - _ n - n - n -’ \ n- a- i t ”  n - n - n-a - n-~ n - a - a - n -’ I’n - n - t a - n -  n - n - n -  ‘ , i n - n - n -  - n- t - n - - n- ’ n - a -  - a - n -  I n - n - I’ n- - - n - a -  i n -

‘ n - a -  i a - n - n- n - n - n - ’  - — - n- ’,f  • n- -n-
- n - n - -  n -n -  n- - a-’ n - n - - - i n - n - i n -  n- , ’ I n - n- , a - a - n -n- i. n - n -  I n - n - a - ;  , I L a - a - n - i n -n - n - n -  I n - i  1 - - I- ‘ - a - n - t -

i l l  n - n - n - i  n - a - n - I  I a - n -  C t n - n -  n- n - n -  n- n - a - n - n - i  - t I n - n - n - n - n - ;  n - a - n -- n - i n - n - -  -~ a- a - a -  n - - a -- m n - a - - n - n - i -- I n - n -  n - ’ ’  -
, i n- ’ n - ’ i n -

n- - n - n -  I- a - m v ’ ’  n- ’ n -
~ n- I a - a - n - n - n - a - n -  , n- - n - -  n - n -  I i  n - I n - n- - a -  in- n- - n-Wv n- n- n - n - C n - a - - n- n- ‘ a - n - I  T i n - n- n- ’- .

n-
n- _ n - n  n - n - a - n- a-

- n -  n-~ , I — - n - n - id n- n- . a- • -
n- - n - n - n - n - n - v  t n - n -’ a - ’ n - n -a- ‘ I i i .  .1 1, n- - I n-~ I I- n- ’ i - - rn - n -n -

-
‘ n - v - n - a -. ,

n- - - - - i , n- n- ,i i n - n -  n - ) ’ 1  i - a - i a - . In - ’ r n - n- , ,n - _ I - ’, i n -  n - - n - i n - a - n - ,  ‘n - - n -  - n- n- n-’ n - n - n- . n -  ~, - ,i i n - a - - i

n - a - n - .  - n - I  r n - -i n- ’ a-n-’ • 1 ‘ ‘ n- n- I a - n -  n-n- n- - a- ( a- i n -  - ‘-a - a- ‘ a -  a- • n - n -n - n -n- a- x ’s m ’s in - - n - n - , 
- a - n -’ a-, n - a  I n - n - n -  a - n - ’ n - I  1,

n- n - a -  a - n -  , t a - n - n -  n - n - I n -n- n - n - n - ta- 1 n- n- n- a- ’ n - I n - n -- n- n- “ i n - a - a - a - - n - t n -, n- n- _ n -  ‘a - i n -  n - - n -  a- n- - n - i l  n- n- - n - I .

I ’ m - n - n - n - _n- a- i .1 • 1 a - I n - n -a - n - a - a - n -  I n - on - v  n - h - ’ I in -’ ia- n - n - n - n -  n- n - r n - n -  n - ’ .i t n - n - a - a -  - i n - a -  I i a - n -  t n - i t ’ll

: n - f t ’n - : a - ’ La t i n - n -, - t n - n -  t n - i  I, n-’n - , a - t  n - i  I n - ,  n- a - a - a - n - L a - a - .  a - - - a - n -n - n - - , a - n -~ a - n - I a - ’ ’  - ‘n - i n -  ‘I

‘a - n - n -  n- n- n- n-  i n - n -   - a - a -  n- n - n - ’  I a - a - ,  n - n - n -  n- i n - .  n - a - n - n -  t — n - n - n -  a- n - n - n- - n - n- - i  • n - n - j n - n - n -  ( a - ; - n - i n - a- n--n- a - ’n- n -- - n - - a -

i -v  t i n - n -’ . ,; t n - a- n - n -. ‘a - i n - n - a - n -  i a - n - n - - a - n -n- ~ a - : ;  ‘ n - n - I  i n - n  n - tn -  t n - n - n -n- I I n-n- y I n - n - a - v a -  I • n - I  n-a- i n - a - t n - n -- n - n

t ’ n- va -  n- n- t n -  ~v a- I a - n -  I” l a - n - n -  a- ’ - - a- • . I a - a - i n - a - n - a -  I n - n - n - a -  ia - in - a - a - n - t i n - n -’ W i n - I n - i  i a - n -  I - i  a-a -- i l ti n - -t

n- n- - I  , l a - n - - n  I n -  n-n-
n- a - _ i n - n- n - n -  n- — n - a -  - a - - a - ’ i a - a -  n - n - ,  n- ’n- ’. n-, - ’ i  a- a - n - .  n - n - - n - I  a - a - In - n - tn - I n - n - n - a -  ‘n - n - n - i n - I  n-a - n -

n - n - n - ,  t n - _ i n -n - ’ - - n - n -  -: - v - n -  a - n -  , I~’ n - - ’ n - n - yn-- i a - - n - a - i n- S n - n - n -~~n - ’~ - n - n - n - I a - n -’ ; n -~ , n - a - n - n -’ a- n-, n - I n - n - n -- n - n -a- n- t i n - ’ t a - i n - a -  I

t i n - a - n -  I, I I : ’ n - n - n - n - a - n - ’  ‘n - n -a- n - In - ’ n - n - a - i n - n -n- - - , , ‘ t n - n -- a - ’ - - n -  ‘ a - n - n- n - ri t i n - i n -  C I  a - w I n - n -n - a -  I).

- - n - i n - n- ‘ n- n - n - ’  i n - n - ’’ ‘la - ‘‘1 n - n - ’ - - i ’ In - I ’  a - ’ ’  y n-I a - n -n- I n - n - ’ I n -n- n- I n -  ‘n -v t n - n - n - - 1 ew n- - n - a - ,’ n- ’ , -

I ~n - n -n-n - i  • I I n - n - n- n - n - - j - - - : n - I n -  n- t a n - i  n- n - n -n - n - n -  a - n - t n - n - i ‘a - n - n - a - t n - a - n -  tin - n - I  n- - n -v t n - n - n - - n- ’ ’ , ’, i ’m - n - a - a - n - Lh n-~

• I n-n-’~~I’ ‘ 
- _  I - a- - n- i I I n - n - t n - n -  in - 

n - n - , n - , a- I a-’ n- t n -  - i n - I, th n - I  a- n - - n- l a - a - ,’ I a- n - n - n -’ n - _ n- a - v  I n - n - n -’ in-n- n - n - p  

__ v  t n - n - - - v  ‘‘ n - n -- n- ‘ ! n - n-
~~~~~

n- 1 .  l a - a - n - • I n-n- t i n - a -  n - n - n - n - n - n -a- n- ‘i n - n - - in - a - i I, n - I n -n -a -a - i t  i n - n - n - a - n - a - n - a - ’
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r n - - n-’ - n - n - ’ ’ ‘ n - n - n - ’ - ” - n - -  Y , , n - ’ N - , ’ \ ’  - -  ,‘ - ‘ - “ “ r’ ”

a- ‘n- ,j • n- n -n- r n- ,‘,n - - - F- n- .‘ “ - n - n -- n- n - ’  ‘ 4  n - t n -n- ’ . , ‘ n - n - ’- I n- ~‘n- ‘~n - , , - ’ , 7 n-’ 4 .4  ‘ 4
‘‘n - . ’, .  ‘ n - a - - ,  ,,‘ a - n -n- n- ” ‘ U n - ” - ’ n- ’ n-J- n- C r - ” , ‘ - n - - n- ’ - n - n - n - n- -a- n-’ a

~ n- n-~~ 
, n- n- n- a- n- , ’ n - _ n - n- n - n -’ - - n - n -  n-in- ‘ n -*  n - n - n -  n - n - -, ‘a- n - n -  n- ’ n- . n -  n-tn - n- n- ’ n-,~ n- - Un- n - I~’ n- n - n -  U ‘a-n- n-n- n- (~ n-n -~ n - n - ’

‘ -3
-J

n- , n- , ’ n-- ’ -n-- ”t n - ’ ,’ a- .n - ,  n- rn-- n- - n-n- ’, “ “ ' ,-- ‘a n-r n-’, ’-- -, n - : , a- ’ n - ,’ - n- ’sJ n--~~,-,,n-n- c-JL ) n - _n -
~~~~ n - n - ,, , , _

~
. _ , _  

~- n - - , ,n- , -,‘ , ‘ma- ’~ - n - n- ’n - ) n - ) n -’ I - n - n -’ a - n - ’ . ’ .n-n- n-n-I n - - n - t ’ - ” a - n - n -’n- n -’ a- a-
-n- ,n- l ~~~,, n- .‘n - ’ n -n- ,c ” n -’ a- i n - a - ’ )  a- -n- n-
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than the cL lowa -d  amount of time per day , the hack up ( t ractor

ene~’gy in this case)  is activated . Thi,s is show n between the

7th and 8th d a yo in F’igur e 4 , 1 . 1 .  This use of tractor ener gy

cost s  money, w h i c h  is reflec ted in tha increa se in  ‘the total

cap ital cost of the system.
-
‘ Figure 4 , 1 . 2  shows the accunulat ion of “ surplu ~i ” energy.

n-
n - i n a t ’n - 2 -~~ec the f 1 , . v h o e l  Ia - a - : fi lla - ’~n-i to e a j ac i t y  a - a - i t h  e n - ’a - i-~a-y and the

wind is ~ enera ~~irg o~ d i-Li ,ooa 1 energy , t hic sur pl -~s energy is

noted by T h S W L .  ThiS 13 Ohown be Lv-’c- ’~r, days 1 and 2 in Fi gure

4 .1 . 2 .  Whenever th e wind is blowing f a - .m ’Le r ‘than t h e  r a tcd  wind

speed of the syo~~~m, the oner ~n--y avai lable , but  not  extracted by

a- tn -ne syctem , is noted by ?i~~~
3 n - n- n - 12 ( s ee  F igu~-e 4 . 1 . 2 ) .

F igur es 4. i . . J  and ~i- .1. 4 show the gr a phical output of t~-,o

-
‘ 2 week periods in Option 2 . -‘igure 4. 1.3 shows a period from the

2nd c.uart er of tra -n-j year ( D e m ~ca- m ,a- boi’ , J n - a r n -~n-a~’y, February). D’,n-rir,g

th In - a -  pea -m’ icd , no i t c I ç~at1~~n-~ is c n - k i n g  p l a c e ,  Th er s ,a- ore , all the

er ~a - rn -a-~y e :-:tr ac ~ed from the wir,d is ~~~~~~ into the production of

hyd cogen , n -N h e n e~~’~~~
n- ‘the w i rn - -n-1 is blowir~ f-a-cter a-n - h : , n 1;~~~n-~ rat ta - ,t

wind srn - ec d of th o ’3yst ea , th e energy avai lable , but not e x t r a c ted

ty the sys tem , is noted by TE SW2 .

a- - 
F ia - -~ure 4 , 1 , Lj. shows the S a m — a - c 2 n - n -- cok  r i :oio d  of ~i flU3 a’~ rn - i -

~~n - L’eS

4, 1.1 and 4 .1. 2 . trr i~;at io n i-ri  t ak ing  p I n - c e  dur ing  th i s  pen n- n - m n - I,

t h er e f ’n - a -r o , hydrogen is ~a- e in~ u n -~n - d  at a s t ea dy  rate . If the

hydro - n-~en stora ge level we re to drop belo~n-- the low n-: I lergy level ,

the h’tck up ( propane ) would he a c t i v a t e d .  Use of propane causes

an increa se in the total co a - a - t of the c~~a-~tCr ,m . S ia - im~e the n - ’y d r c ’n-’ n-a-n

storage level is ~~ ll above the low ener ’y level ,  no ~mn -rop ane i~

H

- 
~~~~
“ 
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ua - a - c d t~ur~ rj~ the 2 wee~-m period shown in Fn-gure 4.1.4.

4.2 BASIC ECOt4O:n-1CS OF n-fn-’a- n-a- ~~Y$TEr.1 S

~~~~~ f inal  -total cap i tal  c o s t  a t  -the end of a s i m u l at i o n  run

conta ins  ‘two cos ts , the cos t of -the ayut em i ’t n -a - e i f  and the cost of

opera ting  the sys t em for  one year . n-rho cost  of ‘the back up

cy~~tem~ corn - s t itu -te the  o~~eratinn-g co ma - -t for ore year , whi le  ‘the

rest  of the to ta l  cap i ta)  c-c-.th is ‘the cost  of t’~c ~y storn  i tse l f .

~ aintenance costs are assumed to he n~~~llg ib le  and are not

considered .  Tr’,~~es are also not con-a -idered h e r e . Th e -n -n - c cos t are

a - n -~~-a r ized  in ~ ablc 4. 2 .1.
C~~T i O N ’n - .  The co ns truc t ion  of the  s y s t s m  mode led  by Opt ion  1

requ i re s  $t4 5 , 000. It  is assum ed t h a t  a f a r mer  ~;ish in~ to ins tall

such n-n- 3yste~ could borr ow the necessary c n p .  tal  at 10% annual  a-

i n im or e st .  
-

Case t • In ca-se I ‘the l i f e  t ime of the system i-s nosur;ed ‘to be

10 yn - ars wi th  ze ro  salvsge value at the end of ‘ that  tiaie . It

is also assucmod that  the f a rm e r  w i l l  make 12 month ly  -çay :n-ients

each year to the  bank agains t his loan for  -the syo’ten in st a -t l l -at i cn .

The amount  of each month ly paym ent  is ca lcula ted  r n - a - - i k i r n -~ un- a - c of

-the fo rmula  for  the Capi ta l  Recovery  Factor ( 2 1 )  g iven  in ~
n -;QN

~ .2 .1.

A = P ~~~~~~~~~~~~~ E(~N ,-i- .2 . ’t
( 1 + i ) — t

w h e r e  A = e n d — o f — p e r i o d  cash f lows in a ser ies  cont inu ing for

a s p e c i f i ed  number  of per -iods ;
P present sun ‘ef money. The equivalent woL’th of one

or more cash flows at a r c t a t i v e  poi n t in time

called the pre sent;

~ 

- - -  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



n-n-n- -‘n--~~~, n- _~~~~~~~~n-- 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

‘~ n-~~~1,e 4. 2 .1

Co ts n-’~ -or n-n - ~9~~5 n- n-1 j , i~d Data

Op’t t~~n 1 up ~~ion 2

- a -’otal CC ( $ )  146,680 1,09,286

system Cost (-s ) 1,45,000 ~O9,26O

~~~~r at ,j rn-~ C o st  (~~
) 1 , 320 26 

-~~~~~~~~~~~~ ‘ - - -
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I ~e effective interest rate peL~ period ;

~:~e number of ccmpi~unding periods.

With ~ ~1z~5,000

I 1c~ ~~~ year/12 months per yuar ,
N = 20 years * 1.2 months per year,

then ;. $1 ,916/month = $22,994/year

The total cost of the system for one year , then, is~

$ 22,994 - capital recovery cost

+$ 1,320 — operating cost

• $ 24,314
• The number of kilowatt-hours of energy pro&iced during this

same ~eriod is:

100 k~l rating ~ 90 lays ~ 24 hours/day L0AD~AC = 131 , 695 kWh

Dividing the total cost of the system for one year by the number

of k i i D w 1 t t — h ou r ~ produced in one year yields:

$24 ,3~~ /131,69$ kwh

Case 2 . In case 2 the lifetime of the •~~ is sumed to be

20 years . The windmil l  and f lywheel  sy s tem sh ould actually

have a l ifetime of more than this , but the well and pump may

have a lifetime of only 10 to 15 years,

Using EQN 4.2.1 yieldss

A = $1 ,399/month $l6,791/y~ar

Therefore , the total cost of the system for one year isi

$ 16,791 - capi ta l  recovery cost

• + $ j,320 - operating cost

$ 18 ,111

which comes to a cost of $0.14/kwh,

OPTION 2. The construction of the system modeled by Option 2

requir es $109, 260. AGain , 1.0~ annual interest is assumed .

• .  ~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
• - -
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C~ se 1. In ca~ o 1. a 1.0 year life time w it h  zero ~alva~ c value

• is au:~u .~~1. U~~i ni � ~Y~N 4 . 2 .1 y i~~1d~~s

A ~ 1 ,1~4’~/:nonth ~ t7 ,J2 7 /ye ar

The t oL 11 cost o~’ the oy:;~ ern fo r one y~ ;i~ corr .~~ to t

$ 17,327 - c a pit a l  recove ry cost
• t $  26 •. cp~r a t i r~; cost

.~; 17,353

The to ta l  number of i~~~’~t~ ~--houc~ p
~ 

u~ od duH ~~~~ t~~ ’~ sane

pc~riod cC tir~e is:

60 kN k 90 day’3 ~ hcur~;/d2y ~~9 , ~i0 ~S.Wh

Thi s  re~ u1t~ i n an ~~~~~~ ~o t  of 4~O.13/kth.

Case 2. In case a 20 ~~~~ li f c~~in~ ;~i th  ze:c ~~~~~~~~ v .duc

is ~~~~~~~~~~~~ ~~~~~ .~~U 4.2.1. ~‘i~ ld~ t

A ~. 1,~~~~~~/!~ ont h ~1.2 ,65t3/year

fl-~c t o tal  c~~~t of th~ system fo r  one y ear  equaL ; :

~ u~, 65S - ~~~~~~ r~~~cv~~ ’y cc~ t
2 — o~ :. .~tin :;  ccst

~ 12 ,684

w~~~ch coar e~ to at’. cnerr:y c~~ t ~ ~C .13/kWh.

L 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~ •~~~~~
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• ( n ly  two sys ~is modc~.s arc j ’ resented in this paper. ‘the re

are a r~~~~ r o f s~’~ t~ rn models ~~ c can be fo rmu lated  in .~ t t e m p t —

ir~ to •i~~ ~~n a ~;yu t~~ t th o t d 1- ~rn~~~ the •v i .~~i • u i  t ‘ - ) n  1

w~w •f t’nu ~ a ted t ’) be -u~ ~ir~~1e & u - ~ i~:~ as po~~; ible , CO n ’. •~r t i  
~~~

• thc a m d  po-~:cr -to mcchanica l  r~~~ r an i us r~-; ‘2~ i~ n~ c h i :üeal

power ~ i r ec ~1y to accnnpl  i.~h the  ta: ;k of p 1tnp~ r~ i rr i  ti on

w~’ t~ r .  ~3 t er t i n ~ with U h i ~ basic sy~ t em , ~ isiy ~ro~u i f i c at i o n s

• are p~ :s m h i o .  The t’iy~vh eE: 1. s tor~~ e ccu id be e l i m b~~tcd .~nd

r~?p l - i iicd w L r.h a large w i t e r  Lu~’~ or r~ serv o~ r , Thc ~y st~ n could

t } w n punp w ~te r year round wh encv oc  the win ~ w i s  b lowing , S t o r in~
surplus fc~ periods of low wind . Or -:t Id am 1. tern a ~ or to the

~‘y~~tcn and you can drive  the ir r i~~~t ion pamp w i t h  an ~lcc tric

~o to~~. ~)ur i  n~ tn~ n u n — s u m m e r  ~~~ t. !n; the c r ~c 1. :y ~~~duced

could be u3ed f o r  ~ra in  dry ing , space h e a t i i~ ;, :inl other demand s

pres ented on the fa~m~. E lec t r i c  u t i l i ty  o f C  no~ik p cwo r could

~—~rve as back up.  Add -‘.n d c c  t~ro1.y si ,s uni t to the ;~j~itcn i and

the sys t orn  would be e~~n:n t ia l ly  t h -~ I present ed by O p t i o n  2.

Op t ion 1 wa: ’~ u n u s u n  as a sys tern to be mo del ed  due to i ts

r e l a t i ve  ~ir~)1 ic i ty .  T hu  b a ian c i r~ of the ro tor  size and fly-

wheel ( f o r enorry st o r ag e)  ~e dese rves ~~~~ t’e ~te~ a tic

•a r pooa cn  tha n i~ pre:~eni • ’~d hero.

Usiri~t u~ectricity produced by the wind to power i rr i ~~.ation

pumps has ~~ ino ad va~ ta~ es . how ever ,  in order to p rov id e  •the

nuce~’sary back up ,  the ir r i ~ atcd fi e ld  must be loc-it ed near  a

• ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ • • •~~~ ~~~~~~~~~~~~~~~~~~~~ ~~~~~~ ~~~~~~~~~~~~~~~~~~ - -- _ -~~~
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th ree  pha:;o tra :;ni~ eion I i ~u to nini reiz ~ the ce~~t of d i  : ; t r i I a t i o n

• ii n u n  • For the nare  reason t ir e  f e 11 un.  t also b ~ 1. Ca  l u !  ci  one

to oth er  f~ rrn buil d i ft i f  the u l  e~ tr  ~e y pt’odue.aI dun  n non—

ir r i~ ;a I ion por ic ’ L; is to be e n d . The pea.; iLi i i  ty of u: ij n~ç

cxi  e l i  e~ power company  no I w o  ok~~~n .; art “ I n f i  ni. t c  ‘ 
~; to ea~;c d e v i c e

doc~ t -~~i st .  T h i e  ~- ;uu ld  . U ~.hly 1 r ien 1 ’ c v O O n , ~ ’fl t . j n t - t - v e n t i o ~
On U.n s t a t e  or ~~ le r-i l ~ov ’’1. , }low cvoe , 1’~ roau th .’ u t i l i t y

con~ -
~ :tic~; and o hue p a r t  o:; S u v u l  r ed  cc- n r a: ii m ~~ ‘:O.lOZl t

O p t i o n  2 h - n  n v ; a l  - ‘  ~v .: n t - : -en c . - u r  Liie e th’’ . n u n i h i l i U l c o

d i n e u s n e d .  Tnc ~~~~~~ I , ~~~~ i t  I n n I ’ O p O n .d a in n  ta l l  nuc h

~:i n -I  p ow er e d  i :‘e~ :at ion evn ~~~— n , iS 1-1 n n ’ t  WI t~ r • -y . - t u r a t

~~~w £ Ic ide • N 1 ~ an a e nI I y en a 1 i ~ wn r :. a a x I ‘ to

b~~~
. oP the it-ri -~~ err :un Sn c a  I~~ -n : .  an- i.e . In vo .i.rn Ia u~ a ,

a n . J  nn.~’o L~ I n c  
~
ç. fiulda ai Ii ‘~~Sn  to .i. L O t  cf i . at . : - l l

• There  ar e a. o n a l y  e ~~ ru ne  d e n  I a t n i  we 1 is in ha no a .

1~’ x I n  U I i. -~ ~ ‘ :; a r d  • • 1 ‘ a : ‘i: i i  t- un d ~ a i on 2.

E u p i e  t ed we lis a r ’  ava i l ab i  -~ a noel  n-i l c ’~ t , and t ha turbin e

cou l d  ha ure d y n  o round  • ~y r x n -~n i i  n~ ho n y n  t ’”: , ~ydro a’ a could

be p roduced in 1-u’ o or ; ; h  q i n i n t i  ~y ~u b~ used  :ma t h e  p r i m ar y

energy scurc e an the f a r m . rho  id~’a of a ~y-U-n :cn ncc:’.ney is not

new , ( 2 2 , 2 3) .

When cx s i nir ~ O p t i o n  i t  rho u ~ J 1- ’ p o i n t L . I  ou t  t h a t  t h is

sys t em could n-a t be h uj  i t  t a i ~~v for  t h e  c o n ’.. c i t e d  in t h e  model.

The p r i m a r y  ohs t~i . a l i  to t h i s  Ia t h e  ~ rr:a ’ d l ec t ro~ y s i r3  cc l i

r c q u i  i-ctl • ‘:hc p”c I P ica  t i one u~ cd i n  Ui 1: papee re 11cc t 1985

pro j ec  ted  cel ls .

5.2 Wh Y Ti ( ::;E Nu~.~d;Rt;?

It has already b-”n pointed out t h a t  the s e l ’o t i o n  ot’ the

.~~~ __.— . .. .. .L_ .~_... —.-.-- -— --. --- - ------ ~~~~~~~~~~~
• • . _  - .

~~



r o tor ’  s i -t o  -• P~~j w) ioe l  si~~c e -~h m n t t  i o n  in  U~;I i o n  1 deserves  a

~ orc s a I h i  t~~u ; .t te .t aj pro~ ch tha.n i)Y .A~,a) can tti.v~~. H owe ve r ,

i n i  e r u n t  c om b i n a t i o n s  w u o c  C OOJ i d i  r ed .  None of the se

uoahira tin - p~ aceJ ‘ too iar~ c ” a t e . .ar ~I c e n y  en the  l a tuk  up

ay e t orn .  “‘ - ‘ ~.o 1ar~ n ” is Pa i n y  a rb i t r a r y , I t was f e l t  t I : i t  the

f u i ~on n h n , l d  not h . .vn  to n on  t he  hue ] :  up  ri o ’o than  once or

twice a w’t:k. i~~’I ~~~~ 5. 2 .1 t can be n e o n  tha t ye t a r  size

o F  1100 n~u i a c  ~.oIOnS i i  10 a f l y wh e e l  ‘ r e r ~’y c i p u c i  ty of 1000

ki iowa. I t  — h e u r ~ in ab o u t  in L i - c  n i H  Ic of Li re  ca r t  i n.~ t Ions that

a load f u n ~~aI- of :r: o.-J ’atoly 6 0 3 .  i t  w a ; , L I u t e f o r e ,

d e c i d e d  to use a r o t o r  n i ~~c of I t O O  2 nod a f ly w h e e l  n i  th 000

• t~ I h  of s t orna~e car  n: I ty i n  the  n i m a ~~n t l O n  oP Opt ion I

i n both  O p t i a r -  I an d  O n t i u n  2 , toe coat 01 tha n e T  up is

:1:a.r:lly less than thu coat of opn nnt i .n~ the ~ te:n itnui f .

a enfo rced  the  d en  i c e  to use a n .t I t~..le h a c k  up as po~.eihle

- 
• 

- •  ‘ ii- Oo! D.’ue ‘ t h c i  a i o n  m o a t  I ?  n d  tO a ç~ 
-
~~~~ i i  ~ ~~~ i - tok an an

I’un:ibl e sinc e an at t~ wpL to a h -ply m i n l m m e e  the co at  w o u l d  r e su l t  3 a

the ~;i n o of the r o t o r  i n cr e a n ce  • the cost of th e  eve .  ton i r r e r u  t ees

li nearly. Therefore , it is i - a i r e d  to hat- a the ro to r  us t r a i l

as pos:.ihle while still usin~ an little i’ack up i.s p053 ibie.

Fib u r e  5. 2 .) shown t h a t  a o ut or  a t ee  of 700 sqLero no t ar s

r u t u i r e a  v or y  l i tt l e  p r op ane  be une , !  an  hack  op in  Opt ion 2,

There fo re , a rotor Ize of 700 n l u : r r ~ me t ern  w i n  used i n  the

i mu la t  ion  of O p t i o n  2 . F lger e  5 .2 .3  is l i s o d  on t 9~5 w i n d  data .

1 i r i s  di t:r w •is do t e : c  in~ d -to be “ ty p i c a l ’~ com p ar e d  -to avera~~cs

over 25 years .

• 5 .3 WHY A .~Y T 1 ~~ Yi ~A~~ICS APPI I OA CH?

S yst e a  dynamics  has been c r i t i c i z e d  by ra iny (
~~

) on the

~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~
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r , r c u ’r l n  that t h e  an c rop ’. ions uae l i a ;.any r~~-ie in ~r ave not  been

r o l e / _ L a :. to c -~ acm e Ic  tTec~uy and that the  a0nen_ e of prope i’ en ti—

: .n,ti on t e l h n i lu i o ;  r e su l t  i~r c o r m a i d e  r ub l e  a t ~ - t r .~a t i e i i  f r o m  real i ty

( 2 ~~) . h u t , as ha ::  b een a ted a l c o n fy ,  the r o d o l s  p r e s or t t c d

here heat- re claim of b ing ‘th c ’ co r r e c t  ,acd ’:1~~. }rey -w- reiy

at the two redo is -v at l a bi a  :~ t the  L i n e  ~j ’z e- O the  n’i,tll—

able  T r c w ’L e i ; e

It  hac  b~ en na Id thu t. io:reaved promo t i  or: - d Ie- to -
~~~ - ‘  coness

of a p r-al mc -
~ (:‘ c )  . daub i a the c ia-u with ry ; or; d~ na:n ics and

tOe  030 ef  DY:~ t :- .O . O:’~~ ia:rt ly d~ vt loped an a tool  for use in

cc iv in : tale 1 cn-;n -; -‘ n t  prob~ oOS , ayn ~n ly.unics have

ar-n been need to model a w i d e  var~.c ty of to: . to - ;  ( L ~ .5, 6 , 7) .

Th e a a t b - ~r fc~~i~~, l i n t ~y n : j n o  : ? s’ ca dyna ;’ics in an

a r - c a  ~t0a1. in the pc : t  ~n’a1 been b i e r - n t  of to :- a ah j e c , he ean

expose its exin tenc e • t ai~~h t  be :mra me d coot  OY2A TO does not

‘r’~~cnt t0C b~ nt ‘ p 2 ~~-O i: .0 attack’:b; the ~oeL icm .f :cdeli n~

w i n d  powered irrirra t ion systc-ms . Bat it is an i :iprouch t in t can

h-a taken , A nd i t is t h e  a u t h o r ’ s hope th7. t o t o e n  p e o p le  - orking

in the~ c area:: will heceno aware of the p o t en t i a l  of system

d y n - r o i c a  as a cc thod f o r  pr ob lemi  solving .

5~~1~ A L OCK P0 THE Ful’uR~
The om c r~ y cost s  of Op t ion  1 and Option 2 compared  iv i. -h present

energy costs arc shown in Table 5.~4.l. As can be seen , even the

lowest cost associated w i t h  the proposed rystems is 2~ times as

high as the h t~~hur  of tIe two prcscr.t energy costs. B u t , look

to the f u t u r e .

By the y e a r  1995 c o n s t r u c t i o n  of Op tion  2 ahould  be possible.

N a t u r a l  gas prices wi l l  have sure ly  r i sen  considerable  by then

- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - - .~~
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able 5 .4 . — . n eray Costs

cos t  (~~/kWh)

t : -a t t o n  1 ( 1.0  year  loan)  0 .18

~20 year  loan)

Uc tion 2 (1.0 “ear l oan )  0 .13
( 20 y e m ~r loan) 0 .10

Presen t  e l c ot r i c i -t y 0.04 
-

n a : : r u i  gas 0 .01

p

~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
-
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d u o  t - , i i ’ oc ‘dii r’~ c irc e • the  rela Li ’i e scare Lty  of the comnnotlity .

The eU -c t :9 fuel to u t i l i t y  c a u r - u n i c s  w i l l  ~ ik ’ :wise  have r i sen

r - e n u l t i n ;  in a h t ~~lic~ cost  to tim - ! c o a c u - c e r  fo r  e l e c t r i c  cr-orgy .

hn cost : 9  cc:n;trac t ip ,~ the s y s t e m - c e  • ;ocbel -d ~:il1 s ir i i lar l y

n in e . B ut  sinc e th ese  c y nt o :r r ;  use the free wind as their pricary

source - 9 erier:’j, the rIte in ‘or ~~~ costs for Option 1. arI O p t i o n

2 nba -_ lu not Ice as rroat is the r ise in price of :crtrsent ferns

r, t’ eflcr~0’j . It  in not  n l ike~ y ,  t h c u , t h a t  w . ; l m i n  the  n e xt  10

to 15 year:; sys turn such a:; these ni scnted h ar e  wi l l  paoduce

ee rc :y a-.. a lower cost  ;ìr ~. present ;tilitiec. Add to tha t the

fact  tha t  our n~~~ur -i l  r - c ; - a :re o ’; cuch  a: ~~ -s and oil will not

Ju s t  r: ,r?ver , b - i t  e rie  ‘-~ it h  sbc :ld :cottrue to blow always.

Therc fo-r ’o , i t  woUld net to ur~~earor-ub .t e to e xt - oc t  th e se  types

c-f ener~y pr oducir .~ d e ’t i c e e  o bc-n ero ~‘ide soreed in the future.

- 
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-
-- 
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V,u- i : ib .1e 1 2 - 1 : 3 4 5 1  ‘ ‘ I I I , ,  1:4 1. of 1 z ’ ’-u  on - s thrr,I:: ,Ii : m e ’ ,- , ’n ,
~l., .

Or r uim;cri C C)i:( I’ lC I,0 i’ ’ l , t!3 IS f t  I’ :; I. LI f V ’1 l1 el m ’. m u m t  tIC a 1~ ~~~~~ I_ i c

q
IN V

L11T7

2 , l- ..~ II ,\ ‘ION TYPE S

TIiCrtS :~:-ci two  1,-H U vaL’~ ab i,e1; ~.n a cI y nlII.I III nOd c ], ; level

\ _ I t ’ j : l l I ’ OI :01 4 r i te  v a t ’ i - : P l e~~• .-\ s eord i xm oly , L 1 1 5  I4~~u:1t It ’ I 3 3  dO1’iZIifl~

t L1~’ :13’ var I ‘ l i t ’ :‘. -i r-s c-i l ‘3 s’d 1.evo ‘3 m d  r:m to  cp ,~-~ t I ori a • -7/h -~ i’~ are

o t h er  L y :  ‘‘ . I ~ 1’ ~ ‘ 3 m ’ 1 i t L ’ / T 2 - l  • too , 14I ’LI dO- .iu ’i l l  I is~ry ~~3l t I0I, •’ :Sltt .lry ,

t :e I  i f l I t ’ . - tl — ‘.- .i ’l ue  ~~~~~~ I j ’ ,’ti :; , I~I’.~- i ~ wr i’t i 11,3 ‘I  IlOIh I , tho typ o of

I ’  
~~~~~ 

ti on ~;hou1d b’s p’~ ’ i i ’ ~.-d ~n 1102 101 r~; t C -~ lutrn of the pI,If lChed

e,Ird . r.’I\.’3 21p1 01

card
cot
i23 ’~~~

- 7m3.  . .
L L t . K - I , 13 , J l-D L’~~( I N l L . J~~~- - l , ’ I ’2 ’ L . J K )

R 1-I A I’ T.K I , - - l . ; -V .K/DELT

Other e-;u:t tj’s-ti Cv ~m ’ - e  are spec i tied as fo tlowo

A A u x i l i a r y
S Iiupplcl ntntat’y

N m l  t i - i l  C o i i d i t l c r t  or m i .  t i a t — V a l u e

~~~~~~~ C,~ii:I t i nt s are d l - - I  i 3 1 I 3 ~~tCd by the letter C ifl

the first co’umn. S~~’r ’t’ ,i 1 C c’ne (-ant-s Illay lIe epec i f i ed  On a card •

F x s m n I p l  Os

/

~ 

- -
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card
col
t2345678 . ,
C D T A ’m ’t 5

C A~ 5.CA’r--t3 •OC ,!Ii’t-”3.t25E-7

i’,. _LqiL~~!~
_
~~~i. 

TIle basic l’o I’3;l ,( t of 3511 ellu3tlon 155

quai l C it y  n-m rn e “ e xpt’e~ u ion

The u’ it hi; -~ tic OP C l’~ t i e r ) : ;  il-led to fro l Ui C X)’t’ F 05) a r e $

+ AdJition

Subt iOlli t 11)11

* ~
-iilItipuc :mtion

/ 1) ivi s ion

i ’x p c r m c n t i a t  ion  i s  not ivr ~ i i  115 11/ so: an O~~ I ’1 ’ 1 t on , but p r- - - - -rs and

• root s c an be ‘:11 icu l.a ted ‘.~m : I 533 the fuse 1.1 Ofl~ av .m I 1: - bl e in I ) YN A 1~10

Wh en  r ’cr e th~~’. one e p I C s  t ,i -‘a appear: :  -s 1311 In  as e X P 1 ’ t ’SS  Io n ,

Ialtiplt ca tion arrI di v im ; i ’sn are co~-~~~t~ d ~~~ oi - e additio n and

sub t ra et io n  w i t h  t h e  oi’iler o~’ opera  t~ on b-si l l - I  f rom l o f t  I e r1~~h t .

Pare II  ihee I’S ~ J Y  bi.,’ USed 13 e ‘ I i  [IS ;’ Ui- ’ ~‘ ?  l )O1 ’ fl~ 1, “ 305 12 ( 3&L - s F I C t ’ s ” and

to c i l a i n at e  the need fot’ the symbol ~ f or  r e I ’ i ’ : - : e n t i l s  the

m u lt i p l i c a t i o n  ci’ two ~1u a f l t i t i . -se 1’xa mp les

Is eq uiv a lent  to A ” ( i - I ( I ) ( D + E )

S~ib’~;cr i ,~j~~, Level v-il’ labic s are :mlwayn a I t 3 l . e — ruI ’o~’ r pted

nuch aSs

L1 . K or L E V3 .J

The liar-me I s t ru e  for •iII X I i .  l a ry  and sup p i e n e n t - a ry  va r in t ’ l :4~ but

the ir  s ln~-~le liub :lCni.pt i s  a lways K.

Rate i- ae iah les  are dci lh le-suI ’:’c t ’ Ip ted , ~U~Ih a ss

RAP’r.JK or F LOWO UP .K L

Ta ble At . t  should be hi~1pfu l ~n t d c r i t i f ~~ln ~ the cor r ect

nu bi lor lp te  ( I t ) .
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i ’ a~~~i 1 -  r ’ . 1- . ;‘sa tl s- 2 !; Oi’ I I I , 3,1 ‘ty - V i l e  15 t he pI nChed

in cu lunn ‘, • 7 :- :  ‘-
~ :~ l i o n  7:1 - 5 - :  t ar t  a I ::n 7, ~o blanks

a r ’ e a1~~’ . - ; - .i - ‘ r i m the ‘ 1 1 . 1 1 _ s i  I I i ~ e t - i 1 - -n ’ ’ : L ~ if ther’~ Is ~~i,y

blank  , the c : IsIC 1 ‘ : a  r’e:: 3 1.1 t C ames :s r - ‘ s-’ I _ . , . :  b la ak • 
(~ -

-Is -  :. -s at s

i:-~~ y then ha y r  I tten e;; :; 1 i tI’ s .i tra rcl a p :.‘‘i i.L-d t h ey  are pi ecceded

by a t  l~’.-ia ’s- -m ’ : i e  ? — i - - ,~~. ,~ 1;- -iild th e sr:, t’2r1:l : , 1 .  Cit 0 ‘, h . ,  f it ’s t

Cs H • ose e m  :ore  0 : 4 ’. i. n i t  I .312 - : - ~ 
r I - ;  .i~,’ L-~ um e-:i • ‘ I i i - ’ : :  a ar c

w i  t I ;  s-n X i~ cs 1 t;r . ’s I [ 3 , 1 t I c - ’ r. ten ’ i :3~. 5(l . , L i  l u - i I . ’ ‘‘1. i f l~

in e ole: :1 ‘
~
‘ . 3 1 tee  - :. - to  [‘13 1 ~ -i (‘01) I_ i ii: a l  ~i t see LI eu I ~ a thrl..uI;h

colu r. “ ‘. .-
~~
‘ the o1- I~~i1ei l - - o-1 , v- s t s,;y be t -v. - h -: ~ - e  a q u a n t i t y

r a t l e , in: - ’s~:r , o r ’ l I - I 3 ,I :ss- ’ t i ’  - ‘p ’  !‘-~ t c r .  ‘;‘h?  i l nu ee d  p er t  i -oi of the

eard s u e t  ‘sc b1~~n0 , j 
• S • re- ‘Se. - i.~e t: : ~ cc ;- - - e m i l  [t o - I  -si t h i n  the

i nfe r n i at i on .

~~~~~~~~~~~~~~~~~~~~~~~ - ‘
~:

‘ ::. I: )
~

‘ t~
—
~~ I~~-s )‘ - l 15 110 !-L’ - ’ ,’]SlOl) fot ’

i’jx’sd~-:’ejnt sin th: ,~.’t i c .  .‘~I 1. e - e - : I _ ; t i e : e ’ - .i:i CSi t ’C lCLI  out in

i’l- :--tt in-;— p oint (‘err.. ‘
~
‘ i’~ i, ’;: -- [‘ 1 :2 ‘1 v - 4 1’:~~s , 1’ :-s’isr , ,:,s-y be

:-‘, ps-a I fi -
~~ i a-a Cl x’ I - m ’s ’  :21. v.’ ‘ms ‘ — ha  ce : . -p i  1 ‘c u-. is :’ [: 1 the  ai in to

fi ea3i: ;—l’-Dint vali:- ’,; . 1-p t m ’  i3 li - ~l~,- - . n a- ii I_ le n t - s i~,n and

d . - - m i r -Fa l r - ) i n t , r aY hs ’ CCC to ce :  s ’ , -m ’ :1 e : - : ,eriral ~a l uea . For

“cr y l~~” o2 or smal l 2 , - lI - I t -  t t i - ’ n :m ’ i - ” r  i, -t y  13 - - - .‘q 7’ej m’ -s,i as a

nu ’mibe r mU 1 ‘I_ i, ~S F, 0( 1 h , S - ‘1.10 P D - S i ’  ~‘1 t 0 by W I ” I 1 . 4  1’, 3 t h e i’FIIF b C r

~u l  low ed by the 1 1 - ‘ 1-’ ar  I the d e l  2 4 ’ ,l p ’;;’ r of tee. ~xasn p lei

S2 b i l l IClI 0:211 ‘- 51 , 1 t I C ! )  a :; 33, ’!- +9 or .t-a ,i ,~1-.9 and

I t~ n—tho-uaarci Iii can be writ ten as

3. DIi~i-0~-l’~ cN CARDS

Dire-s tb card s are used to :;pe ci fy tI ;c 14:1 3 t h  of the  sinisla tion

l i s t s , t i se  m l - ;  v i l  , pr in t tR-~ ard p l O t t ’kO .-3 ins’ t r u c t ’t o n : ; , and

q u a n t i t i e s  to be pr nt”d or p l o t t e d .  They are  as f o l t o wm s
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t15

1~~! , L L c.~r~t . This  is the first card of any m o d el ,

which provides ~s title for the model. It begina wit h an as t’sisi~~k

( * )  in the firs t column; the title car.no I he i.asre than ~SO char—

ricters in lcrv~th nor can any word be sore than 8 le t ters  long .

E xa mp le s

ca rd
cal
12)L~5678...
* WP I — OPT I ON 1

R u n  Card , Each run ~nd rerun is assigned a run number ,  by

w h i c h  i t  is filed. The run card is the  last ci rd  of any model .

an-i the run number can have up  to 8 charac t e rs .  E x a mp l e s

card
col
123 1I~5678. . .
R U N  STU .

or
R U N  RS 700

SPEC Card . Th i s  card provides  values  fo r  the f o l l ow in g  four

p ir - inm e ters necessary for  any s i m u l a t i o ns

DT the interval of Tl~13E between T1~:15’ .J and T1~vCE.K

LENGTH the value of TINE when the run is to be teririnated

PRT~~-:R i— he interval of TII’1E between each t a iu l a t i o n  of the
re sul ts

PLTPER the i nterval  of T i l E  be tween each r - lot  output  of
the results

The~ic four parameters  may be d e f i n e d  on the same SPEC card or as

constants on separa te cons tant cards. Example s

• -~~~~~~ — - k—— —~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -~~~~~ - 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ I



card
col
12314~5678...

s.3 ~-l~C D T .  1 25/L GTH 9O/PRTPER ~~t/PLTPEI~~. 125

or as

C DT~ .l2 S
C LENGTI-i~~9O
C PRTPE R~.t1
C PLTPER~.r .125

PRINT Card. This card specifies wha t values are to be

printed and in wha t form . In any table of p r in ted  va lues , TI1~IE

is a u t o m a t i c a l l y  suppl ied  by the compi le r,  Up to i4 qu ant i t ies

can he pr inted in a table output in a d d i t i o n  to TIM E . A PRIN T

card such as:

card
eel
123 45 6 78, , .
PRIN-r ABC ,DEF ,LFV ,RATT

is equivalent to

PRINT ABC/DEP/LEV/RATT

and will result in a printed ou-tput such ass

TIME ABC DEF LEY RATT

But a PRINT statement such ass

card
col
12345678...
PRINT ABC , DEF/LF V , RATT

will print the results in an outpu t such as:

TIME ABC LEV
- DEF RAPT

- 

‘
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In  p r i n t i n o ~, ) Y N A ~-~~ gives only up to 5 c i~~n i f i c ant di g its.

I f  val ues are very email or very hi -~~~, t hey  are scaled by some

powe r of 10. The sc a iin -~ fac tor  w i l l ,  appear  in the  t i tle  of

the tabulated ou tpu t .  I’ite scaling fac tor  w i l l  be a u t o m a t i c a l l y

p rov ided  by th e  c o m p i l e r .  However , the u :~er may spec i fy the

uc-i ling  f a c t o r  “ he w u I 2 l e s .  For examples

card
col,

t 2 3~~~678. ..
i m ’ r~I t ~T ~~( L ~ .2) , -~~~~3 . 4)

w i lt  pr int  the values of A a f t e r  dj v i d ir .r them by l O u , and

ct ;co , ; i i ’,-~ 2 ,‘ .~ ~.i i f i c a nt  de ,~i ;r a ~ p laces  a f t e r the dec ima l point .

The values of B are - i iv id e d  by t O ~~, and ~ de cimal  places are

cho sen  to the t’i t n - t of th-3 d e i t i m a l  point .

F~~)-! ’ ‘at’de.  JY~~A~;-:- O has an aut o s a ~~ic p l o t tin g  fea tu re  which

- : ena l— i-si- ’ the uacr  to pi~ t Up to ~, O q uan t i t i e s  on a sin ~ le ~;rmi ph.

The scales may be chosen by the user or by the compiler .  All

picts are verses Tt t -~~. Ea ch quant i ty should  he assi gned a

cha racter by which tha t  q u a n t i t y  is to be r epr o::cnted on the

-~raph . Examples 
‘

card
col
12345678...
PLOT LEV=L/~A’rT=~

w i l l  plo t q u an t i t ies LEV and RA TT , r epr e sen;cd  by L and $
respectively .

— 
- Scales may be s p e c i f i e d  by the user , or else they will be

chos en by th e compiler .  It  is possible to s p e c i f y  only the upper

or lower l i m i t  of the scale , leaving it up to the compiler  to

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~
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specify -the other one. The unspecified limit is given as as

asterisk ( *) .  Example s

card
col
12345678...
PLOT ABC=*/DEF D( 0 ,20O)/LEv~L(0,*)

will plot variable ABC to a scale chosen by the compiler using

the * character , DEF to a scale from 0 to 200 using the D char—

acter , and LEV to a scale with a lower limit of 0 and an upper

limit to be chosen by the DYNAMO compiler using the character L.

~-l- . COMXENT CARDS

Comments may be made on NOTE cards. Example s

card
cal
12345 6 78 . . .
NOTE FWE - FLYWHEEL ENERGY LEVEL ( KWH )

Comments may also be added to a statement card following at least

one blank. Example s

card
cal
12345678...
N L 1 0  I N I T I A L  CONDITIONS FOR Li

5. RERUNS

A model may be rerun several times , for different parameter

values. Only constants, table values , and direction cards may

be changed in a rerun. Each rerun should also be assigned a

run number.

6, FUNCTI ONS

DYNAMO has a number of built-in functions , and also has

IllI ~•_ ~. - I_ -— ~ _—_--~~~ _ _~_ — --------- --—-—,-—-——~~~~~— 
~~~~~~~~1-_____~_ - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - I
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provisions to accept user—written fun ct ions . The bu i l t - in

fu~ c-t ions  a~ e descr ibed  below.

Common ~~ n et i o n s . Corn iron f u n c t i o n s  def ined  in D YN A M O  are s

EXP(A) A ~ j 7L~ Expontial

LOGNiA) A > 0 N-i t ural Logarithm

SQR- 1~( A )  A > 0 ~ iuara Root
S~ N ( k )  A < S2 3, 00) Sine  Funct ion
COS(A )  A < 823, 000 Cosine Function

The cine and c~~;inc fun c ~ions are used frequ ent ly  to generate

functions of TIl-~E , Raising numbers to a power can be computed

as,

Y=A B is the same as Y=EXP(B*LOGN(A))

Ran d o r m her~~ enerator. DYNAMO has two random number

generators ,

1) N ( -R: -~R N ( ~~E A N , SDEV ) generates random numbers normally

distributed with mean equal to MEAN , and standard deviation equal

to SDEV .

2)  N O I S E ( )  generates rand om numbers u n i f o rm l y  d i s t r ibu ted

between —0.5 and +0.5. Note that the parentheses are necessary

but that there are no arguments.

Thi rd~ O-der  Delays.  DYNAMO has two third—order  delay func —

tionss

1) DELAY3 (IN P DEL) is a material delay and

2) D L I N F 3 ( I N , DEL) is an i n f o r m a t i o n  d el a y  whore s

IN  inpu t to the delay

DEL magni tude of the delay

PULS E Function, 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -
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P~~i~~~~( ~ n~i - ~
- 
, :—‘R~;~’ , I NT VL )

pr~ d~~ces pu i~ e t r a i n  of h~ ~ WI~ T, wt t h  w i d t h  of OP. The

f t ~~~ pul.se ~ il1. appear at time ~~I , and th er oat ’t e r  at regular

iri erva l ~ of lor~;th L ; ; T VL ,  N e i t h e r  HUII T nor fl~[-V L need be con~i t ant .

:-~ ~-P P T ~-~ -t- i ~)C.

te equivalent to ‘i ~~ure  A2 .1

R A M P ~ O if TI~~~ £~ STRT

TI ME
-~A~- P-~ ~~ SLI’~~D’~ if fii~~ > STRTSTRT

‘
~~ . E’T~~ F r ’ -~ t io n.

~ A: : FI~~. ( X , I ~ ~V L , ISAM )

.~,~~~
; ‘ — ~P I E  e~~~al to X a~ r~~~~ie ti- ;~~ sep ar a tc d by in ter v a l s  of

l-~~~:th I NTVL , and holds the value u n t i l  the next sampling time . 

i~ the ~ni h a l  va1~i -~ oC SAt~PLE .

S~~~P Fi~j~~t ion .

2’I (~iOhT , STTM)

is e-lui valent t-~ Figure A2 .2s

STEP~ 0 if TIME ~ STTM

SrEP ~ HGHT if TIM E ) STTM

Both fl(fl~’r- and STr -~ may be variables.

::Y~ and ~~~~~~~~~~~~~
MAX(P ,Q)

setss

MAX~P i,fP (Q

MAX Q i f P ~~~ Q

- 
~~~~~~~~~~~~~~~
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RAM P

~~~~
/1l

oPe = :L:

STRT

Figure A2 ,1 - RAMP Function

- i
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STEP -

HGHT - - .  

- 
-

~~~w— ~~~~~~~~~~~~~ —_____ ______ TIrviE
STTM

Figu re A2 . 2 - -s-:~ :P Function

I-

~~~~~ - - ~~~~— -  a ~~- ________________________ ~~~~ -- - -~~~~~~~~~~~~~~ 
— -  - - -
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Ci’iiLirly s

~- :I14 (P , Q )

S O t J s

?~IN=P if P < Q

!:IN~~Q i f  P � Q

C L f P  F u n c t i o n .

C L I  ~~~~~~~~~
se ts ,

CLI Pr- P if R ~ S

C LI F -r Q if R ~ S

ion.

V~ . C : j (  ,P ,Q, R )

sets,

i f  R = 0

SN ~ TC1j =Q if R ~ 0

L~~~e-~n ct i o n .  I r- may be de~~irab1e to expre :~s the values -

of one var iable  in terms of the values  of another  var iab le.  This

was tne case in b o t h  Opt ion  1 ~ nd Cp - t i o n  2 for the wind speed

w i t h  retpec t  to T 1kE. The TAB LE f u n c t i o n  servos t h i s  purpose .

The form of a table look—up func t ion  is,

~~~~~~~~~~~~~~~~~ X , X I N I T L , X Y I \’A L , XTNCR )
where ,

T NAr .~ * name of the table
X - independen t  variable

X I N L T L  - i nit i a l  value of rand of X
X F I N A L  - final value of range of X

X IN C~ — increment of X

~

- 
- 

- - - - -- - --
.

- 
~~-.~ -- - -—~~- - 
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t h 4 t  ( -h O t o t  lo -~ i~~-~ v a i w — : ;  O f  ;~~i X i 1  E - I O ’j  v ar i . -~h 1o /.

- - . 1 i o n  :-, i th r : : L i 2 ’ t  to -~opr s~- I c n t  v o i : s h l . o  X s -

x z
10 35

40
30 45

SO

- 3 5
60

n t o  ~ ~~- ‘ - ‘
~~ 

- i i’

T rN. r .~i-~ - 3 j ,,~~~i/ ~~, -~
(
~/ n~ / l2O

T~c t  e L w  t :s I i i  ‘c -j - ~~ I 3 used t o  d r n - ~~~- :i ~ A o l - ’ -: t’u s-4e t i on.

I. I. n t or po la t - n i o:cd hy ‘~~ Nt ~i t t o  - o~~: ~n to  ho -i-i 1 1103

h o t  -i re not ~~~~~ n eal  ~y ly o n  in  the  h :ib lo .

I n  l ’Ai ~~l -~ f ! sn c t io nn  , X o-m n not ex’c (- -J ho :;poo I od r s r ~’;e

Wi i - ’ ;~on ~~ri t t r y  an  ‘rl’or . The ~~~ fonc  I t oo  -
~~ :nd:; the

O X  ~, O i : 1 o  v i  hu es  c t  (-ho do ;‘~ rid - -~ y r  r I o  bi e if  I hr  i n t o

vac’t :i h i ;  O X C O O d O  ( h i ’ ,co i ( ‘ led r — t n - ’~; , In Ihr s h o v c  c x - i m p l c

i t  -
~~~:~~ i is ~~~- - .i ~~ ~~~~~~ ,t ’ ‘r~~o. t -: , w j l ~ ti ryc ’ o v~~lwj  i f

‘ c r :ill vo I sos o I Y. ~ rea t oo  t h a n  liii - r id i vii no t 3~j (‘or a l l

‘-‘i l a ’ -~ of X ic;;;; t h a n  1, 0,

I i o n .  Tli  3 ;  no ic Li on c x  pouc sit. lilly cmoo t .hs ~t

qua r i t 3 t y , :ind h:is the t ’ ol low i rio orri s

:;~:(rI)’t’u( I N , nt ’,L )

whor e s

~~~~~.- 
I
-‘I k k . - I ~.-. -



- l. ,5

i N  in p u t to he ;;u:o ’ ( I t ’ il

1) 1:1, ‘n~~oth  I n,~ con ; ta r it OL’ d e l a y

3 0 0 0 51 I y :10 : r b br t -v i i  t o t  ~~r i i . ’  10 l~Y N A M o  . l o s ’ more

I i n  ~c Lor .r t ion , r’  for to s’o Ic t’o OCC ( I )
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