okallalion = B-8.
r’zSPocw«Q_ Sﬁobb% e nw.wﬁ.«os?\«usam

2= NSO

1 Q _ P (tom9 .wss?.v
Ce 8, 034?

d hza.h%.”de?xt 5 ui

IOV4 ﬁ.ho ne .?erﬁ\ 10,._(&&\ m/thGA\ ey ~\/<) Q.A%S«)
X Conai) ™ ¢
« Topamverment ) povsn freden o Q. fo 2 i
Asducr Bo Gk O “raplomt 7

. [he  Imvatment 1 ﬁ_el». v

- oy
- KVA Paﬂrh“wfﬁ AL A\Gra et ol S kVA- /Lh.
Ao rLL..d LVAR w~ He e

_ ot poser EPE Y by tala. CVAR
e el oo COPEULE irotallalow = C pev

bt a \\FKQS : ? o

15 installation = c®
on »b,o?okc ns . s
- ﬁmﬁ?\&- — hb))%rv m

Ds (Cerd, -Co>d, )~ CS (o §, <) -

h?.\_fqn \&.lhz.h nbss&v.v shd g%eco :
A%,

—Ds Wb(...r%»\ + Cs 034»\90

C . Awld chonge pu FVM of Gpbe |

—

D Jowweal tlirni pov EW 0} ivotullalios |

E?db s

oA~ .Wg.mn\ s

.. ! %ﬂw
AP( 0- sec by tomd,) —BP (0 - A< $.) .uo
Porrnal Qbrmb & Gﬁgb 1wt

A, =

l‘“

(lhe ™aoSk eomomal ﬂ% v i»‘

allalion P~ &Y ot .
<$;§i e e e

——

—



Oﬁf&.ﬂ!)\( D&.)ni..ﬁmm\«( N& a ﬁﬂ.)l.s\) ?ﬂ \/ omd ﬁ.\cwﬁ\
h.\o.w:QCm.S—b

A a,+ hh +¢ v..v
Q, + byfs + DVPP

C, =
cgr G rbeh + e
\N,\m.._ln >n _v_+ P.n._ﬁ_
ab)
o [0 e TP._. Pﬁvw»\
o
Lﬁﬂ. % >u. WF[—\PPvﬂ
dbe L
b
\_..T\.._l = W...L. —Ww.\.*\\\.m.»w
+ ON Or o5 h.h OF
PR L.Sn.cv.

a2 _o@ Cy
od etv &t.:d
=,
&07\ Y, \y“ r.v(\_.. U\n\(( ﬁS\
d P
\/\. bis ape U\ﬁ?w’\
“V
h
S U
V § 2.Cw

Created with cam scan



Mudoi2 4 . mmﬁh ou Kawawayssion .
&k%.vi% 4o Jolve ( pordinalisn

Losseo . €
¥t jouS - Lo .?,h.._o._r o FeBossid, @ Equalions”  ppn OIS PF- 203
0 nulude te @:.Lno# hanrd Wb ss10n ﬁ\—u C+6 + . — & .\@ Co L wadainn N\ﬂcb\r\o(c %i. "o C{HM&
sty v lacidivg e Loost  allocaliow , I A . M ) s i
B@boggnﬂg&%po —vduw_\+§~v|\° |&\\s.ﬂ”r.+> \Q\Mh.\\\dl\.a
N\»M.M.%?P;? P(\@ \\bxw.l@U 4
i g de b, +b
N\lv W Hokaae pu &4!&?“0\:@ Iu._l\w.—k = r oy, w * e(\@
T“Tb)b\ & - 1 %V o - - E ke
p o plont ledig - Te Al R LD T ool W, VIR 5t 4 00 bivs
g 5 less i_tﬂsﬁ R u.\r»m.w\@.o%_ +\W|mm.o§~4.. \.w\mu..m\r o l®
of, e &W@ .“w ‘w i _\_u\,u\..\m- PNS? wesec
LSl a0 @-@H® g e )
et B e i ol _\.%vkzm_\ﬁ&z-:m_& = B A e
4 k= ¥ | Frra syt s omds §
P\\\NP@:\.‘ \w\ wvv 4@. ®0w 2 \&\P 2 _\lew...%v.v ~\.MN.&SV+ N.v \\lu».,n\\\\\m\\ \I@ m
200, B,y +2 BPs Ba +2 B B ) = I35 Pep AR g
of : _ P
T.W\—.ﬂ 2 S o m
N.\\ w.:ww i) --- ¥ Pk L\+ A .\\W\b\\\mm\h“ \.@
T.w%wﬂ.mw 2 Ca +X 822

Cr=0= mHl
wﬂ_ wﬁv ®r.-u & i vﬁ—

w: &.P
p- w St | B O lpatcyddoks. weohman
> Ay +2r bt 2L dfy e datins ” prmcidise

Pk

|.® Il@ n.h <§rcra*. tv Tv!)@_ *@MMF?\...\}N\ . I - :
: . e Aq AL\\ ) =4 T\m& \wm_\&  fud Pv_\\@\\\%re
odd ol Tppris o2 svernd. | @ (] \@wv a5 ) TR, hed B uney Vel |
by \%\WMJ af 2. % /] Lwbl He value of P, s By i
e | *SIIL.. (P aTP?O.S seion’




T R P I,Mofa ~danrnal . 0ot oadialdsa r QM.SO%SP; IM“MV EQSPN\J»\S.\ F&\?(Qﬁ@[% apreeds

Ak of Covbinasl waiting of Romeff uiven plord” i _gew&v_ = lova Scledilimig  retinadds :
Db Covlyy VA Frkiafiple (=  Comtont o fuowelinn”
aler .H\Nis oY  ohundat (oal T T " . |

AN Oures ,Mo 8. :.\Fo Com (T, EH,M
he ?m‘g ko\...r% hohe He 120Aes- w kab.n Aﬁd.@ " DoﬁthSn. Sleamn \ ..

m malaie R - D oy RS ™ - w% r%t T?.P\

€ co Mol A EiShde J NRS. . )

: o ond Slaoml ploml tom ke [+ Maw. pdeo afpeasck wako

pescy; x.%vhr\.,. sxs\%&
p. w255 @Qn ) k-0
Lt J%E&&ﬁ

ML NOt )2 »:.ng...\»:.v\\

-6 b Pa- 21)

:ésggiwﬁf

\‘ flg\

red W_o?nu o, Ve~ VEMa j

o«rfgg

» Basic Rude Conue @ Aspreseets e
PFC%BQIO .(a(hb\.\go.n\o?a\@u

Uime - Supaly SnNHMMLP\n? e, [
E.(..Qqc w .rc.weapﬂ,@b
| 2V NV

o .n.w..k Ble et Bt Qs 53 1

leep e Atoowtdn Conloml upto he
m%.h\ pusme. el As panth 2
possisle o frovde  Geldlioal food.
c(&.l: wnwo \c\.»? aﬁ hsb.:.

o Pulls  wan \ve,}.nn.t@ sytlon
Strege

2 ¢ Hydao Frennal
.st ) S

l‘h\S\\.Nﬁf\ Vner \TW?A.\’

il =)
\\&\e\(w\\ W N«#W\CW\.\\\—
as@ 10 Sl P,




CoGENERATION .

. tﬁb)o jrp)hbh Comwersi o &_. comtoued
o A Comvenbiomal  Siplom 5 B o n?.ghﬁag?.?& Seam o woed
¢ Fuel \ m?&;s rqw“..?z or i o O b tﬂsﬁ -

~

- Joulls .w> \r\é*ﬂ.}\rn&. E?o’»%

_u j TT‘:?P\ : ) S
A e Coov o oﬂ ?i M.rl\ ['2 ?ﬂb\ork\
w PPING AnND 0T N ﬁr\:\mm . M\? = %
chgﬁe“vers.vnhw H.w?og???brlé
R b L : uncre oL neamls  u~ . WIr o
Tn o toT 7% &3 e e ke ool Sof. A.lt.@ %?..éth& seded e &.M'wn
(bwa \vF?«.\c\TbS :%?“Ft%r w O bt x\?\‘cﬁ »ﬁb %?& >cr9t\ waeds mM‘E\»*o
r a 40 Q\C‘ﬁ\.\&wi&) ﬁ.?\x&\ T&,kw. .Pgénﬂhit:bﬁ qL.N s
i iy wad oy . pe Ai%??wei.d e Uil 0007
L :

cs’f for A0 iu?b? \wN:.sS : , 5
ols Aot &qur& o.m«\.t.r? Scheaee Cam b




.\(\U\mm.(m o TN \’
: ﬂ\m..\h\)é{ m.\.,t.,r. 2
.\-“Jm/\(ln\,.\
TCAM i |
Forl M AU FACTURLNG, .
PROCES ‘ - :
7, ” , -
| HPE TORRINE ExHA
! Creranator ExH xm\.
STEAM PROCESS STEAM .
[ Bo1R g o A
F O | __ ) VOATER : o — WATE Z g i
FOEL ) k— WATER  fStear ToranE] - FUEL ek “ £
od _ | STl ” £ %
w . LOow 8 ¥
PRESSURE i -
)immp . | =38
pMEVSTION  CH . PROCES 3.3
: L
CeneRATOR . STehm™ 5
--\\Olw BLecTRIUTY  (pMBINED - CYUE COOMENERATION  SYSTEM
. "NERATOR
Ao AND GENERAT
M — > ELECTRIUTY.
| pUEL 4
ENGINE EXHAVST
T A7 - L
i J ACKET Wik 2 PROCESS
| STehAm
- C~ P | V~mwm mlzl\\ =
(AS  TURRINE  SYSTel L ~E
| COLENERA TioN SYSTE



«

~

-

MLEN, T. wooh

210 HYDROTHERMAL COORDINATION

a large wave traveling downstream with potentially damaging cffects. Fish
ladders may be needed. Water releases may be dictated by international

treaty.
To repeat: all hydrosystems arc different.

7.1.1 Long-Range Hydro-Scheduling .

The coordination of the operation of hydroelectric plants involves, of course, °
the scheduling of water releases. The long-range hydro-scheduling problem
involves the . i water availability and the scheduling of
reservoir water releases (1.c., “drawdown”) for an interval of time THat depends |
on THE TEsCrvoir capacitics. o 1 Pt 2 1 :
Typical long-range scheduling goes anywhere from 1 wk to 1 yr or several’
years. For hydro schemes with a capacity of impounding water over several
seasons, the long-range problem involves meteorological and statistical analyses..
Nearer-term water inflow forecasts might be based on snow melt expecta-
tions and near-term weather forecasts. For the long-term drawdown schedule,
a basic policy selection_must be made. SKould The water be used under
the assumption that it will be replaced at a rate based on the statistically
expected (ie, mean value) rate, or should the water be relcased using'
s~ worsi-case” prediction. In the first inftance, it may well bépossible
o save a great deal ol electric_energy production expense by displacing
thermal generafion with hydro-generation. If, on the other hand, a2 worst-case

Pt SR —

policy=was Seletied, the hydroplants would be run so as 10 minimize the
risk of violating any of the hydrological constraffits (e.g., FONRING reSCIVOrs

{00~ ToW—ToT Taving enough WATEr [0 navigate a_river). Conceivably,
a schedule would hold Back water until it became quite likely that even
worst-case rainfall (runoff, etc.) would still give ample water to meet the
constraints.

Long-range scheduling involves optimizing a policy in the context
unknowns such as load, hydraulic inflows. and unit availabilities (steam and’
hydro). These unknowns are treated statistically, and long-range scheduling
involves optimization of statistical variables. Useful techmiques includes .

— -~ .
1. Dynamic programming, where the entire long-range operation time
period is simulated (e.g.. ] yr) for a given set of conditions. ' |

2. Composite hydraulic simulation models, which can represent Severs
reserVOli™™ N\ Sr——D 3

3. Statsueal production cost models.
\(\(

The problems and techniques of long-range hydro-schieduling are outsidé
the scope of this text, so we will end the discussion at this point and continué
with short-range hydro-scheduling. :

(C

| A4
el = .

HYDROELECTRIC PLANT MODELS 211

q.._.N Short-Range Hydro-Scheduling

W.Wﬂu.ﬂsmo qrw_._:o.ueraac::n (1 day to | wk) involves
uling of al encration on a system to achievé minimum productio

qow% ¢ given time period. In such a scheduling problem, :x“wosa _.«_ hmo.m”
inflows; and unit availabilities are assumed known.|A set of m.sz.:w.oo:&:o:a
Aa.u.. momaZo_.q._.ﬂcm_mﬂamﬂ\om_ the optima rly schedule that minimizes
a m..._:&. objectivg, while meeting hydraulic steam, and electric system con-
.a.:»wzs.._m ..Scw_: Part of the hydraulic constraints may involve meeting
: “.“. mvo:: itions at the end of the scheduling interval in order to conform

ong-range, water-release schedule previously established.

7.2 HYDROELECTRIC PLANT MODELS

.___.,o ::aoqm::.x_ the 8@5.3338 for the operation of hydroelectric plants, one
- %MM_ appreciate n.vo _._B.Szo:m imposed on operation of :waq?_.ao.:.omm by
= .smo”ﬁw_. :w%%»:o:. Hm...aaa. recreation, water supply, and other demands
er 1es and streams, as well as the characteristi
. . ; cs of ene
MM_M“H_MM, ."q.q.mn_“q the m_oﬂ_..:n_ energy of stored water to electric energy .-_.._m.w
available in a unit of stored water, say a cubic foot, i .
. X L, 18
"“m.r_“ v_..oa:o. of the weight of the water stored (in this case, 62.4 Ib) :_BMM ”._wn_
ght (in feet) that the water would fall. One thousand cubic feet of water

falling a distance of 42.5 ft has the energy equivalent to 1 kWh. Correspondingly

u .
aN.M M:M.u. im".ona falling 1000 ft also has the energy equivalent to 1 kWh
= e ~c Mqoh .M_S.o_. of a reservoir and hydroelectric plant shown in wmnc_.a
nsider some overall aspects of the falling water as it'travels from

v n a
£ he reservoir through the penstock to the inlet gates, through the hydraulic

turbine down the draft tube and o ]
. : ut the tailrace at the plant exit. Th
. at the water can produce is equal 1) the rate-of water flow in o:!no..oﬂﬂ”“

Forebay _.
Trash \L e lul
racks
and
intake G ¢
ross
Reservoir head
\ Turbine
¢ Penstock
Afterbay
Draft
tube

FIG. 7.1 Irkmgov_-an components.
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214 HYDROTHERMAL COORDINATION

'934 SCHEDULING PROBLEMS

¥ 731 Types of Scheduling Problems

In the operation of a hydroelectric power system, three general categories of
problems arise. These depend on the balance between the hydroelectric
generation, the thermal generation, and the load.
Systems without any thermal generation are fairly rare,) T i
“scheduling of these systems is really a problem in uo:oaw.c_maw iaz_"..m .Mm..““:_a
satisfy all the hydraulic constraints and meet the demand for clectrical ener :
Techniques developed for scheduling hydrothermal systems may be cu&w.«.
some systems by.assigning a pseudo-fuel cost to some hydroelectric plant. Then
the ao__.&:_o 1s developed by minimizing the production “cost™ »u. in a
conventional hydrothermal systeny” In all hydroelectric systems, the scheduli
could be done by simulating the water system and developing a schedule ._..“a.
_w“,\mﬂ- _“.__.m ﬂﬂ?o:._uﬁ_ﬂ_ S.____jﬁnaca amount of stored energy. In
ically extensive hydroelectric i i [
sﬁm-hsqn_ q 0 cn_s.onw. e systems, these simulations must recognize
ydrothermal systems where the hydroelectric system is by fa

component may be scheduled by economically Ssa.w_msn the &m.o:” ..”w__.“_nco“
the minimum cost —2.:8 thermal system. These are basically problems in
_vao%.m_sn _Mm..né. A simple example is illustrated in the next section where
il ydroelectne system cannot produce sufficient energy to meet the expected

.-._.o_mRmu.mou.onoQo— hydrothermal systems include those where there is
”__M_wwﬂqnnc“.__“on .MM?.R: the hydroelectric and thermal generation resources
In ¢the 3.&8_33 system is a small fraction of the total capacity.
n ; oﬂo systems, :x. schedules are usually developed to minimize thermal-
.wn“.. ”n.“.:._" h“&v__ﬁ.oa costs, recognizing all the diverse .vwa?::méﬁ“:ﬁm:s
s typs /1 1i€ main portion of this chapter is concerned with systems of

Wc_ﬁuow“ .._“..h.,mucs 7.3, we have two sources of electrical energy to supply
) ¥dro and another steam. The hydroplant can supply the load

a,'@',
Py AR F

oo Steam

Ve,

Load
FIG. 73 Two-unit hydrothermal system.

SCHEDULING PROBLEMS 215

by itself for @ limited time. That is, for any time period j,
1
“ﬂ- 2 33.: \. =1.. .\.3- AQ._V
However, the encrgy available from the hydroplant is insufficient to meet the
load.
W. Py < W.. Pose sy My = number of hours in period j
(7.2)

J=1 e

\‘.

Y. ny = Ty = total interval
J=

of energy from the hydroplant in

We would like to use up the entire amount  the hydr
EM. a way that the cost of running the steam plant is minimized. The
steam-plant energy required is
Jonas
W. Plosa jny = M_ Pujny = E (7.3)
J=1 =
Load Hydro- Steam
energy  energy energy
We will not require the steam unit to run for the entire interval of T,,,, hours.
Therefore,
t .
M_. Pyn,=E N, = number of periods the stcam plant is run  (7.4)
i1
Then
No
DL
i1
the scheduling problem becomes :
X 1.
Min Fy = Y F(Py)m; (
=1
subject to
N, A.N.OV
M 1 h&ﬁ: s m = o
=1
and the Lagrange function is
(1.7

» N,
Y = W F(Ps;)n; + nAm -y m.:év

Ju

Created with cam scan
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216 HYDROTHERMAL COORDINATION

Then
0% dF(P)) :
o ~a=0 forjmli,.,
Py APy = orjm=1...N,
or
. ;
L st e o
&\.: = J v oo N,

This means that the steam plant should be run at constant incremen
for the entire period it is on, Let this optimum value of steam

be

of schedule is shown in Figure 7.4,
The total cost over the interval is

tal cost
-generated power

P?, which is the same for all time intervals the steam unit is on. This type

N N,
Fr = M. F(PH)ny = F(P?) 3’ n, = F(PI)T, (19)
\l -
“ where )
N
L= \M. n; = the total run time for the steam plant
Let the steam-plant cost be expressed as
F(P) = A + BP, + CP? (7.10)
then .
Fr=(A+ BP} + CP*)T, (7.11)
also note that
Ny N
\M. QSI\M Pin;=P}T, = E (7.12)
- -1

Load P,

‘..

\

Time

T

FIG. 74 Resulting optimal hydrothermal schedule.

SCHEDULING PROBLEMS

ﬂ.w..

E
\..q. = (A + QW-{ + ﬁ\u"uvﬁw.’v

Now we can

aFy _—AE L CE=0

Py Py

or ps = JAIC

hich means the unit should .
M,ocw: to supply the energy needed, E. Note, if

F(P) = A + BP, + CP] = f, x H(F)

where [, is the fuel cost, then the heat rate is

:SM.LA\..;T,QV
P L\

and the heat rate has a minimum when
L L) PP
dpP, | P, P;
giving best efficiency at

EXAMPLE 7A

d of 90
A hydroplant and a steam plant are to supply a constant loa

1 wk (168 h). The unit characteristics are

Hydroplant: q = 300 + 15Py acre-ft/h
0 < Py < 100 MW

Steam plant: H, = 5325 + 11.27P, + 00213P;

125 < P, < SOMW

establish the value of P} by minimizing Fy:

217

(7.13)

(7.14)

(7.15)

(7.16)

be operated at its maximum efficiency point long

(7.17)

(7.18)

MW for

th cam scan
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