188244

v
Haymmssasmuanisnianszud Iihves Ise I mdahiinnuadududon

oA o @ ! o : o/ =< o
l‘Wi'lzllNﬂuul‘ll‘ﬂ'IﬂﬂS’JiJﬂu‘V]'NNHLﬁS‘ﬂNVlVVIﬁT uazmuaﬂammmmﬂmum“lumiﬂﬁzmu

o o d [}

duiufsen nammsszuoiuienisyatsenuazusumsnannszue it Inoring
fRalRiauonsziumsiasmuansnaanszua I manhiminzigadmiulsdnih
wiuiudeugiina Tavdszgndldnmsudilymmsdesio il sendauasmsdmun
anuzmitonan i nagnivdnde (1) ﬁmsmﬁﬁﬁunwmTsa“lvlﬁmﬁaﬁynﬁuuwhﬁu
ﬁ’unuz%mwﬁweﬂia"lﬁﬁmﬁ'amm%’au wag (2) ﬂsztﬁugaﬁnﬁﬁiﬁummﬁm
ﬂszuﬁ"lvlﬂ1%1ﬂ¢’1’unuu§mw§aﬁw5m§m"l@’w' Femsam ldnnramasyosilyninisda
Smuaniswaanszua s ummzdunudemaweslss Wi mdmanudounns
Suyuiude ndhongran Iifuensunznnmalsema Taudamdandavesnimani

PONIINNTINIITAN
a o Jdv t o =Y a [ :I
Snominuii Idauehdunuduiuauvesnsnia iihwdniszneudae

14 ] L4
dupni Aunuidwaies uazdunuiigeinm dupumhvewdasmiondaansadiim

14
LY o

a JY [ a : g dao o @&
naHUMNEaad UL UYesfeiui TaeuaasdSuaniszueldeglugiiledduiidsans
¥

9
< ol

b d 1 v
yoa e Irh Tsg I mdaidigaflsddudunuidmarogadansmauini daiu

q

' 14 ]
' o

14 ]
Ynanhszinviiadigadiosaudeimih o o ganlidssininmgaga
£ 4
‘T]'aujmms%ﬂﬁmuﬂmiwﬁmnszua"lwﬁwaﬂsa'lwﬁ1wﬁaﬁ1gﬂﬁmumﬂui’]t\3m

msmauvanzigasuy lidwdadu vazninainas 18 Tavdszgnd 331905 van



188244

4 d o 4 o e J P Y a
Frnuminsoss Hedduthwaned 2 upude welilivsinanhiszuedesiigaunziie vinda
wda I 1dmnniqe Seulvidaimiduléun augasidslwih augandenuInduaz

b ' 1 ]
- auaathszuislundasda e Geulusrfad liviiu 18un Faddamidanda T dadiia

14 ¥
=1 [l o =

b4
sasi lnarudeiu wazdaddadTmanhdnfy dadsuanin i nadudeiugnda

3 ]
peN NI NI TuseuITmmamasiiaus ldgnaaeuiudoyannudosms 1 lui

v v 1
uagmsnan Wihsoda lusveeds Iudhwduivveuginalul wer. 2547
wams$1avautiseemily 2 dau duusairmda luehauvemisonia rld
o= = d' g/ Y (a °y 9/ d' ar a Y
ALRLMIHEASY edeenis I TivSmanissuodesiige Taodensinuindennindh
b d
AIHNMSHARATSY UsngTaunsatsendmirld 63.62 81w av.u. aell Amiuiesas 1.39
v [ ]
yoslSinmthissuemuunumsHanese uazdiedesns Ifndandsam i ldumniiga Ta
a o/ a :’ o a J = Qo 9/ a' cg
FenesnunlSunanissinemuunumskanese Using hannsawdandearu i I dmuau
v o t st oA 3 o a a ]
15,313.01 wnzdadsa Iuedol) Amduiosas 137 vondsnu IWimmurumsnaness dau
faee 1185 nuda Tueihauvesmitenda IWhauuwuniswdnee uadtadwunisnaaay
¥ ] v ]
UszAnsnmvessaiuri dedeens IdldSuaniszmelesiqa lasdinsinyindany
14
Ifhauununisnansse Ysinghraansodssudeirld 104.82 A1 av.w. ded Aadiudes
¥ 1
az 2.28 voeSinaniiszuemUREMIHAAYSY taziledeens Idndandeam i 1dun
] 4
figa Tavdenesnutfinanirszinoamwumsunansss Ysinghaunsondandsan i
a 4 o do ] a 1Y
@iy 25,641.68 N iaada lusael Aadiudesar 2.38 veandenu I nuununs
SRERER
) do o o o 1 a s a
wavnns s Fuddeaeslumsdanmudsingn Ysnudhissussuas
o o Y @ a4 o kY a °y A o b 4 o
fsmnnlddedundouag 0.42 3w avw. YSinanhszueision a1l we. 2547
9
1 a ° = a o
Feondn/Sumiitszuieese 154,51 & .. Amiludovaz 3.26
9/ 1 [} '
Funuidemdsivaniassldgndannindeyanisnda luiod luaves
1 a ' a [} g a - 1 4
a5 I dhendanvsdszma’lne TasAaldeglugdvesdunuireiwdunouasaunu
4 a ¥ 1 o o 1 3/ ' :‘ s
Famasmiaogaioluudazdrlue Aunundouazdunumizeganiouyuaanimingn
}4 ]
firviumeazteunsudsfiuvesnnudesmsldiids Infhgegaaiunat samsdium
14 ] 9 14 14
wuhdunuidemdundouyudinihminazdunuiemdamitsgaiiouuudinimin
- At 1w 1 a v do o w 4 o
103) w.e. 2547 Saunidy 1.2963 waz 1.7988 vmeen Tataddalus mudidy tedmua
o 3' o 1 o T oA v do =
sasimslsimaanszua i lumitsgauiadiasaen ladaasa luaudafezannse

o 1 4 a L% cy ' T g 9
Usziuyadmarsugmansyeanssaa fimdnhlumiumdegmnaiaes 19



188244

Hydropower scheduling problem is complicated because it has both
hydraulic and electric constraints. The problem also presents a coordination difficulty
between irrigation and electricity generation plans. This thesis proposes a hydropower
scheduling procedure, applied from economic dispatch and unit commitment
problems, to determine optimal electricity generation for the Bhumibol hydro power
plant. The key strategies are to (1) consider water supply of hydro power plant
equivalent to fuel cost of thermal power plant and (2) evaluate the water value
obtained from hydroelectricity generation based on avoidable fuel cost. The avoidable
fuel cost can be determined from solving generation scheduling problem considering
only power generation from thermal plants as well as purchases and contracts from
power suppliers, without hydroelectricity generation.

It is proposed that the operation costs of hydroelectricity generation
comprise of cost of water supply, start-up cost, and maintenance cost. The water cost
of each generating unit was calculated from its prototype hill diagram by representing
water discharge as a quadratic function of power output. The hydro power plant has
multiple sets of cost functions to account for variable heads. As a result, the water
discharge can be minimized by maintaining a hydro turbine to operate at its maximum
conversion efficiency.

The hydropower scheduling was formulated as a nonlinear optimization
problem and solved by using the modified lambda-iteration method. Two objective
functions were considered, i.e., to minimize water discharge and to maximize energy
generation. The equality constraints are hourly power and energy balances as well as
hourly water discharges. The inequality constraints are generation capacity limits,
turbine flow limits, and reservoir volume limits. Water spillage was neglected. The
proposed solution algorithm was successfully implemented by using the hourly load
and generation data of the Bhumibol hydro power plant in the year 2004.

The simulation results may be divided into two sections. To maintain
runtime of each generating unit, the first section keeps unit status in each hour as
reported in the actual scheduling plan. By minimizing water discharge and
maintaining energy generation as reported in the actual scheduling plan, the total
water savings over the year were 63.63 million cubic meters, which is equivalent to
1.39 percent of annual water release. On the other hand, by maximizing energy
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generation and maintaining water discharge as reported in the actual scheduling plan,
the total energy surpluses over the year were 15,313.01 megawatt-hours, which is
equivalent to 1.37 percent of annual energy production. The second section neglects
runtime of each generating unit and sets dispatch order based on its conversion
efficiency. By minimizing water discharge and maintaining energy generation as
reported in the actual scheduling plan, the total water savings over the year were
104.82 million cubic meters, which is equivalent to 2.28 percent of annual water
release. On the other hand, by maximizing energy generation and maintaining water
discharge as reported in the actual scheduling plan, the total energy surpluses over the
year were 25,641.68 megawatt-hours, which is equivalent to 2.38 percent of annual
energy production.

By using the quadratic cost functions, the daily average difference
between actual and calculated water discharges was 0.42 million cubic meters. The
calculated water discharges over the year 2004 was less than the actual discharges by
154.51 million cubic meters (3.26 percent).

To calculate the avoidable fuel cost, the hourly generation scheduling
solutions of the Electricity Generating Authority of Thailand (EGAT) were
determined and the hourly average and marginal fuel costs were calculated. The
weighted average and marginal costs were then defined and calculated to reflect
hourly demand variation. It was found that the weighted average and marginal fuel
costs in the year 2004 were 1.2963 and 1.7988 Baht/kilowatt-hour, respectively.
Given a water rate of hydroelectricity generation in cubic meters/kilowatt-hour, the
economic value of hydroelectricity in unit of Baht/cubic meter can be evaluated
accordingly.





