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-lbstract :l'jtr. obi'crire of thb projecr is to deielop r
progrrmming model to minimize dte overdl cost of proriding
elecrricrl rnd reseru in. centr.lized electric.l mrrhl. The
modcl is used to c.lcul.te the porver produced rnd rncillrry
provided hy different geoeretors, llEn to find the price for
enerA,, .nd enciller-v service @]|3idcring thrt the cnerB/ rrd
relervc mtrket is co-optimized Using the pric6, the revenuc, the
cost .rld tll. profit of clch of the genGrrting unii.r. cdcul.l.d It
is imporl.na to the sys.m oF..lo. lo dclcrmitE lh. minirnum
cost through . c6t b.ncfit .ndlsis in ordcr ao d.l.mine thc
optimum rmoriri of scnic_.s puichrscd to wh.l k lntl] n ces.3.ry
to mrintrin the security. On the olher htnd there will be no
generator thrt will r€ceive r disrdv.nl.gc rrh.n bein8 Lsked lo
proride reserve The reletionship belieen dlc eftrgt pdce rnd
the rncill.ry- pricc b discussed" I-inerr p.ogrurming (Linprog)
rnd gcnetic dgoritlm (GA) technilue .re lrled lo soltt rhc
proHem-

F.yworlr-conponent littcot pogrommiag (Dnprog); genatic
alg@ithm (GA) ; dncilary;

I, IN'TRODUCI.ION

Fllectricity m8ket is the lifetrlood of human lit'e today. The
inportance of using electricity in their daily activity is not
denied. Indirecdy, the coast ofelectdcity service has e\"pended.
Sincc the beginning of powe. market's liberalization thc porver
plant business has been chaDging firndanentally and the power
plants tind themseh€s io a much morc challenging ma*et
environment u,ith the presence of strorg mmpetitior, higher
fluctuation of fuel prices and missing long term power
purchase agrecments. But apart from these new challenges,
market's lib€ralizatiqr also csnes along wrth rrw business
oppoflunities, it is an mcillary service. Betause of that, the
powcr plant must Eovidc some se ices to sufpon capacity
arld the lransmission of energy &om rssource to load while
mainhning reliable operatioo of the transnnissiol systcm in
accordance with good ltility practic€. Therefore, by kn<rwing
this opportunity, tre generating company can get more Jrofit
and also it can help to keep the system in balance.

Ancillary scwic€s are supplementary contributions to
systcm opcration rnade by the system operator to havc a secue
and reliablc system operatiol Alcillary needed by the system
opentor to maintain the security so tllat the systern is always in
stable and balance condition. Main arcillary service irEludes

the fiequency contol, trangnission system seaurity, voltage
slability and system restcration. ln order to maintain the market
tbr electriciry, the system operator oeeds some resourcos to
maidain the security of the system that must bc obtaincd tiom
other participatrts in the form of arcillary servict I.

'lhe market for ancillay servicc is diriding into two typos,
uhich is in long-tsrm contact and spot mffket. Long{€rm
cdltract are preferable fcr servic€ in which &e amormt rE€ded
does oot dEDge or less with time. Whilc for the spot marker, it
is need€d fG the sen'ices in u'hich th€ neals is rary
subslantially over the course of the dar ard oftbrs cbange
becaue of the interacticns with the orcrgy m8rket. Irst part
of the necessary reserve is often provided by a shon-term
market mechanism [21.

Through a market mechanisrn, the system operator has been
gt\en the respoosibility to buy the ancillary service on behalf
of the users of the system. Assuming that thc markct
mechanism has b€cn adopted for th() procurement, the
providers oi these sqvices need to be paid by the syst€m

@entor while the costs can be recovered from the r.uers- To
get the paymot from the users in a lair share of the costs, the
systern operators have to buy thc optimal amount of service
and pay at the right pritc [2].

llE co{ptimization is necessary to minimizr the overall
cost of Eoviding elecrical energy and resen,e in the market
because of tbe slroDg interactioo between the $pply of energ)'
ard lhe provision of rcserve. Energ] ard resene should be
offered in joirr market thal should be cleared simultaneousl] to
optimize costs. Fcr this protrlern statement, it must cffrsider lhe
generato must opemle pan-loaded to Fovi& a sDinning
resene. As a resull gerEratcrs wtnch are more expensrve mav
have to prodE€ more energy in the market and lhe generator
thal provide s?indng rese r may be lcss efficienl that if they
would be nmning al fi:ll load. Thereforc, lhc pricc of ele'ctrical
energy may be higher when meeting resefle requirements [2].

This paper proposes a model to fird th€ odimal energy and
ancillary services that will provide by the generators using
linear programming and genetic algorithrn tochnique. Linear
pogramrning is a matlrcrnatical method that deals with vrlving
optimizaticn problems such as maximiz-ed and minimized the
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cost. Linear progamminS problem ccnsisl of an objective
fi.mction, linear equalities constsaints and linezr inequalities
consraints that have consist a certain nunber of variables [3].
l-inear programming is heavily used in company manaSement
such as productiqL plarrring and other issues beca[se of most
companies like to maximize profit or minimize cost with
Iimited rcsowces.

II. METHODOLOGY

The methodolog-v of this project consist of six steps such

l,itgrature Reliew and problem ma.lysis, understanding the
linear programming and genetic algorithm technique, design
the linear programming using matlab, nmning the
programming, analysis the result and deumentation as shou'n

in Fig. L

III Ivf{TffiRMATt CAL FoRMT]LATION

l-he co-optimizatioD of energy and reseNe market is
mod€led as an optimization problem with the objective to
minimize the tolal cost as expressed in Equation l.

min[,!1McBiPil (r )

The objective functitrr is subjected to several constraints:

I.t,ei = o (2)

Xllr Ri > Rs-j" (3)

Pi.^in < Pi < 4,M (4)

Ri,-io _< R1 S R;.-o, (5)

Pi+ Ri < Pirnoa (6)

YIiS

FigE. L Flow cban of tlrc p.ojcrr

\vhqe MCB, is the marginal cost of producing cnergy for
generatrng lmit ,, P, is the por*er produced by the gcnerating
unit i, N is the total generating t[dt in the system, D is lhe
demand in MW, R, is the ancillary servicc provided by the
gcrrcratr-ng unil i, RS,d" ls tirc minimum reserye requircmcnt in
the st-stem, P,B" Nd P,-- is the minimum and maimum
ortput pows tlut can be prodtrced bv genenting unit i, R,.--
and R,- is the minimum ard maximum r€ssrve that csn be
provid€d by gen€rating unit i.

TtE first constraiDt in llqudion (2) is subjected to the
po*er balance. Equation 3 constninl the reserve in th€ Estem
must at least cqual to the minimum resen€ requircrncnt in the
s]stsrn. Each of generating unil is also constrained by its
minimum and rnaximum eDergy tllat can be srpplied as in
Ilqualion 4 and minimum and maximum resene that can be
povided as in F4uation 5. Eqtration 6 shows the intLTaction
between erE By and res€n'e.

Iv. MoDLLTNNG Co-oprMZATIoN oF ENERGY AND
RESERIE MARKIT

.1. Lineo l+oglamming

l,inear pro8famming is a tethnique ftrr t]Ie optimization 1'or

a linier obj.'ctive ftmction. subjecl to lirrcat equality an linear
inequality constraints. Linear prograrns are problem that can be

exprcssed in form [4]:

Linprogr min ,fx {Ax :! b, \x = br, lb < x < ub}

where r rsprcsent the \€ctor of variables,,4 and b is matrix
cclTicients for inequalitics, ,4.q and b.q is malrix coellicients
for equalities arxl /b and !., is the lorvet and upper bounds f-or

the comtmint.s Thc entire problem is expessed in matrix fomr.
Th6re is a scp to be dd]e whilc using this techniqw in Matlab,
first, all bounds, lirear equalities ard inequalitics has to
srTErate. Then all raiablcs combined in ooe vcctors After
that, all the bouxls, equalities, inequa.lities constraints and the
objcctive furction \Ias yrite in malrix or \€ctor form. Finall-v,
call the solver form the Madab tmlbox and it will
auldnatically calculate 1(, tind the value of variablcs and the
minimization cost of l}le ohjccti\rc function

S1'AITT
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B. Genetic -llgorithn (GA)

Cenetic algorithm is proposed by Holland in uf!'ersity of
Michigan in 1975. Genetic algorithm is the Foc.ess of natural
evolution and organi$n adapts to €xternal enviroDment through
heredity and mulation- The organisms *trich ha\E more
excellent charactoistics can sunrite and reproduce, $hile those
$ithout exc€llent chanct€rigics will e!'entually disappear [51.

For the Genetic Algorithm (GA), it simulates the
phenomena of reproduction, crossovsr and mutatim that occur
in the proccss of natura.l heiedity. FrorD rhar, an initial
population is randon y generales and prcdEe individual with
higher fitness tkough reproduction, crossover and mutation.
lfor the resul! it g€nemtes a group of individuals wilh best

fitness and finally it can oblain the optimal solution [61. This
technique h&s a flow chad to be uDderstood by using a ma ab

toolbox as shown in Fig. 2 l7l.

L-. Lineai progromming atd GA wing Marlab todbox

From this probleD, all the cqEtraint and obj€ctiw functicn
determined. By using marlab, all the variable, equalities and
inequalities, bounds and objecti\rc fiDction was easily \ ritten
on the command windows and sale it on workspace and It will
shosninFig.3.

rl fl !i $ I s,.h s.,. ' @ 5d.cr d.n r. phi

FisurE 3. Thc \tirble in rorsp.ce

After lhc entire ladable sa!rcd in workspac€, the final step

is calling the solvsr either Linpog solver or GA solver by
chmsing in the rnatlab toolbox so then the final result can

compaed ard the best res.rlt can selected. The "main" l,inprog
and cA toolbox is shour in Fig. 4 ad Fig. 5.
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FigE 2. Gcreti. rlgonthm flot{ chitt

The specific otrratic*t of GA can be described as fotlows [ 5l :

i. Initializalion: c€rtain numbq of chromosomes erroded
by binsry numbers is generated to form an initial
goup.

ii. Irihess values calculation: the functio value has been

regarded as the individual fitness !"luos.

iii. Selcttion: exccllenl individuals been selected from lhe
cwrent group and get thg opptrtunities as a parent to
reproduce.

iv. Crossover: crossover opsrations are thc proc€ss to
Eoduce a new g€neration *tro combines the
characteristics from their parents.

v. Mutatim: process to change the irdividual's encoding
inlbrmation lo generate a new irdividual.

rkr.{EF..

FiStrc 4. Linprog toolbox
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VI. RESUI,,IS AND DISCTJSSIoN

ltre main purposc in this problcm issue is to minimize the
ovgall cost of providing elc.ctrical energy and reserve
according to thc objective function and conshaints given. The
final result for each techniqur was selected and compared to
tlnd thc besl result for a rangc of value of the dernand (30G
720MW). For the final rcsull, the value from Linprog was
selected because it gilen the minimal objectivc value compare
to the GA teclmique. For lhe e\ample, it stnwed in tigure 6
and 7. From thc result, it shown that the Linprog is nrore
accwate in calculaling lhe linear equation obje.ti\e linrction

[-igrre J. GA toolboi

V. TEST D.\TA
'l'he proposed techniques i.e. Linprog ard GA hale becn

test€d using a test system consist of four g€nerating uits. The
marginal co6ts and the minimum and rtaximun powcr that the
unit can dcli\,'cr are shown in Table L

These generatds are assurned to hale a constant marginal
cost. l.rom thal, trcir respective abilities to provide resen€ are
quite different for each others. Unit I and unit 4 caDnot prolide
.mv reserve. Ily the way, unit 2 and unit 3 catr prolide a limited
rese e not onl_," by thcir capacity but also by th6ir ability to
rcsyrnd.

'[his rnarket electricity problem was assumed a small
tnarket whcre the derna.nd !tsries between 300 to 720MW.
'lhcn, only one tylr t'rf reserve is needed to maintain the
secuity for all loading cordition and that is 250MW of reserve
is requted- Four geDerators were col|Irected to this system and
the system op€mtor was responsible to fof puchasing sc-curity
on behalf of the us€rs of the system. Then, this market also has
to ofrrate on centralized model, that the generators bid to
prodEe olectrical energy arc equal to their margrnal coast and
that the market mles do not include separate bids for the
provision of resene. Othcr than that, the generators do mt
incur a direct cost whcn providing reserve. The dispatchcs that
minimize the cost ofproduction werc &termined by the slstem
operator. As a resr-rlt, there is no generator having a
disadvantagc utren bcing asked to providc resenc ratlEr than
producr eleltrical ene4y.

Trhlc l: rtrrrSinrl Gt, mrximm outpd Id tB4r sp.bilily of dE

Generating
Units

I

Margiml cos ofenergl
(sMwh)

P max
(M1,f)

R m&\
(Mw)

2 250 0

2 t7 210 l(l)

240 I90

I 250 0

iB.r1,6.t.rmr.

Figu'€ 6. Tt* objcc.iE fi!rcrio.' lnd .ll vrrirblc \rlu. for dcnund 420Mu
urin8 LinpmS

6tdlrrr6* lr] r,6-l{117
Frrhlrr.-r*rFr-..c!6-

na ll!!t lr2l 0 0@ 6u! uDrt ,l

Iigure ? Thc objccrir,! tunctior md.ll vrrirblc \dtE fo( ddrund
420MW 

',sing 
GA

Thc entirc variablc and thc objcctivc t'unction calculatcd tbr
each dcmand. Thc solution ol-the optinlization problem for a
range ofraluc of thc demand is shou.! in lable 2.

hmand[rtl) nll,ti4 Pll[l,{/) Pl l[4,{/)
p{l[tnl]

Rr llrlr) Ull'4,!) nr ili4{) R4 (ir'r4

il.4il t{ fllil 0 0 0 0 ts 0

4il.4il 2$ lil 0.s 0 0 m 1S 0

lil.Iil u 1T s 0.2s 0 fl 1S I

Iahlc 2: Rdult for \'.luc of thc dcmnd I) from lr00 720NIU'

For a better understarding of this physical meaning of the
price of reserw and its evolution as lhe demand changes can
easily check by hand. GiWn thEt the minimum demarxi is
3mMW, it can be curclude immediately that mit I musr
produca ils maximun output of 25OMw because it has th€
lowest mugirul operating coast and cannor povide resen e.

Other than tlBt" unit I also has to povide their maximunr

20

II l

I
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output f:or all value of dernand. From the table 2, it shour tlEt
r.rnit 2 is the rnarginal generator for the dernand in the range
between 30G420MW. lt is tEcause, it have to produce betwe€n
50 - l70MW of qlergy. So therl the price for energy in this
range of demand is s€t 10 tho marginal cost of rurit 2, which is
l TVMWIL The price of the reserve of this range of demand is
set to zero because units 2 and 3 provide more than cnough
lescne.

When the demand is in range of 420-470MW, trrit 3

beromes thc marginal generEtor and the pricc for this range is
sr( to 2ovlvfwh. IJnit 3 is cho66r as a rnarginal genemtor
because it progressively increases iLs outpr[ fiom 0 to 50MW.
lrnif 2 is capped at l TOlv{W of outprd energy becausc its mu.st
pro\ide at leasl 6OMW of reserve according to the minimal
objective firnction solution. 'lhe price of reservc for this rarge
of dcmand is set by the cost alTected wlEn er additionat
megawatt of rcscrve is requirsment. !'rom tE lable 2, ir shoun
liat unit 3 already provides the maximum rescrve which is
I 90MW. When an addidonal megawatt of ressfl! needed, rmit
2 hal'e to reduce the outpul of energy so than its can increise
resen'e outpul. To compensate tbr this redEing of energy on
unit 2, unit 3 ha\€ to inqease their output and it cmt
2oVNfWit, while the redEtion in the ortput of unit 2 would
save l7$/lv1Wh. Finally, the pricr of rescn/c is equal to the net
cost of gettinS an additional mcEa\ Ett of res(rw which is 20 -
l7 = 3$/MWh.

When the dernand is in range of 470 to 720MW, tmit 4
become the marginal generatq and the price f<r this range is
s€t to 28 ylvfwh because it is progressively increises it ontput
fiom 0 to 250lvfw. t.lnit 3 is capped at sOMW of oulpur erE gy
bccause its must provide at leist I q)MW of resene. The prica
o[ rescrve tbr this rangc of dernand become 211 - 17 =
I I yl/{\vh. 'Ihis is becausc unit 2 must to reduca their oulpul of
energy to get an additional rnega\ratt of resorte and it would
savc l TVlvfWh. So 01erf wit 4 was increases their (xrtput to
compensate l'or tlnt redwtion and ir would cost 285i/MWh.
Summarizing of the price of cnergy and res€ne is showl in
figure 8.

Energ! rnd reseve price

Demand (Mw)

-Reserye 
price (s/MWh)

-EnerSy 
price (S/Mwh)

Irronr this reslrt, writ I is alwals operating at frrll or-trput
and the nurginal cost is detennined by the dher generators.
'lhat mean, it always makcs a healthy operating protit since its
ou,n marginal cost is always lower than this frice. The
overviews ofthe revenues cost and profit for unit I is shoun in
figure 9. tror unit 4

revenuer, cost rnd profit of unlt I
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Dem.nd (Mw)

-Energy 
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Fi8ur. 9. RrlrnlEi cci md Foit of unit I

In the range of demand between 300 to 42OMW, lhe market
price is l TVMWh fa erErgy and oyMwh ficr leserve. Unit 2
does not make an econcrnic profit sirc.e tbc price is equal to
their marginal co6t. By the way, when the range of demard is
beiwEen 420 to 47OMW, tho energy price is 20$/MWh and tlrc
reserve price is 3$/MWh tl,thich means thal tmit 2 make a
pofit on each megawatt-honr it froduce because lhe rnarginat
c6r for producing en6gy of unit 2 is lTyMWh This mit 2
also makes sdditional revenues from selling the reserve sincc it
is also lnovided 60MW of reserve. Bul it is exactly equal to
the oforhmity c6.t of not seuing en6gy. ln tlle same raDge of
demard, rmit 3 does not make a profit from the sale of energy
sincc the price of energy is equal to the marginal cost for rnit
l. Bu1, it make a profit for sell a rescrre sincc it provide
l90MW at price of 3YtvtWh.

h the range of demand b€tween 470 to 720MW, the market
pricr is 28yMWh f(tr energy and t l wh for rese.r,e. Unit 4
does not n ke an economic profit sincr it become the rnargiml
producer and it is not produEe a reserle. Unit 2 and 3 is still
making a profir fff selling encrgr and reserve since it bas a
lower rnarginal c6t lhatr the pnce. Summarizing of the
rewnuesi cost ard profit for tmit 2, 3 and 4 is sho\r,n in figure
lO, llad12.

L

Fi8!'c 8. tinsSy 
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Figure 11. Reve lts, cost and profil of udt 3

relrenues, cost and profit of unit 4

Vtr, CoNCLUSIoN

This paper proposes a framework to amd an optirnal cost of
production to be done by the system operator as measured by
the bid pric.€ tiom the gcnerathg company. This modcl
exactly can be used to estimate an optimal cost of production

ard s€ting the price in electricity market. From the result
obtained, there is no gef,reraloI is at disadvantage when being
asked to provide resen'e rather than prodrrce an energ.v. The
relatiooship between generators that produce rcserve and

energy to the market can be seen on the result and discussion

when it clearly shown tllat the generatc,r can gct a additional
profit \ltlen it sell the resena even though it does not sell an

energy. Other than that, this paper sho\,m th€ ditTercnt

between linear prograrnming compare to the genetic algorithm
technique. The linear pIogra.mmhg technique clearly has an

advantages uten tlle objective frrnction is in lineer form. The

genetic algcrithm technique may hale an advanta8es when the
problem was inctuding the multiple objective h[ction and

non-linear constaints.
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