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1. INTRODUCTION

In a restructured power industry, Electricity trnamssion and distribution are considered natural
monopolies, whereas generation and retailing aem ap competition. Open access to the generatisieisy
and fair, cost reflective pricing of generation aesy imperative for healthy competition in the povgector.
Recovery of future investment cost with respeatdnsumption and production send a good price sicgioal
gencos in deregulated environment.

Generation cost is evaluated in associated res@amers where the capacity cost plays a significan
role [1].It focuses variable and capacity cost akew factor in generation cost where The strategies
bidding and operating must be made on basis optbper integrated analysis of the capacity andabéei
cost. An effective method based on double dynarmigramming has been applied to solve the generation
asset allocation problem with all the short terneraing constraints satisfied [2]. Participationtfa along
with non-linear optimal power flow [3] allocatesethactive power generation cost. A simple electricit
tracing method based on OPF is also applied tespdwneration and log®st problem [4]. Start-up costs and
risk premia is also incorporated in generation csgtg market simulation method for profitability @encos
[5] for distribution generators. Generation reseudistribution and power purchase allocation amtiveg
multiple power markets are very important daily idiens for Gencos or demand suppliers with sigaific
economic impact. By considering the unique charaties of electric power market, a simplified mbde
represented to obtain the equilibrium forward pf&e In [7] it has been shown that the spot ptmgay and
the equilibrium forward price of tomorrow are netated. A direct and cross hedging strategy ugimgyés
contracts is studied in [8]. Based on mean varigurtfolio theory, an analytic approach is proposefb]
for optimized energy allocation between spot marked bilateral contracts market. In other literasur

Journal homepage: http://iaesjournal.com/online/index.php/IJECE



156 O ISSN: 2088-8708

artificial neural networks have been successfulpgpli@d for market price forecasting [10-11]. A
comprehensive review of the existing mechanismgeuferation pricing reveals that it would probabig d
not show any promising effort on extent of use Has®st computation of generating unit on a longbrasis.
None of the referred papers has considered geoeratist under usage based long run marginal
cost (LRMC) concept. Also there is no indication fofure investment cost calculation depending upon
degree of generator usage. However in the preserggdlated power scenario generator usage varies
significantly depending upon load perturbation aydamic pricing policy. In this paper, a novel apgch
has thus been presented for usage based costtialioofigenerating units. The proposed method stan
ac optimal power flow technique with an emphasi®fféring a better price model. This method illasts
the future investment cost being governed by geoersage in a multi machine network structure.sThi
method has been tested with a 203 bus 267 linem&Mines real power system at eastern part of India
where the existing generators have been categoiizefive varieties according to their ratings. The
simulation has been conducted in order to anallggecbst of future investments characterized by amg
marginal pricing concept with 10% load variatioarfr the optimum condition.

2. MATHEMATICAL DERIVATION OF THE PROPOSED MODEL
The proposed pricing model can be described bgvalg steps.
Future investment cost {Hs consequent using present installation cgtirfladdition to depreciation rate
(s) of the system for the time period t. Thddf time t will then be
I
Fo=— @
T+

A system having N numbers of generators (where gaderator has its maximum capability gf,Ractive
power) catering demand {)Rwvith the growth rate of d for the time perioadtéan be written as:

P =P, @+d) )

From equation (2), time t can be determined as

_InP,,, —InP, @)
In(1+d)

It is implicit that t is the total time period whélme generator expanded tilhRand for the calculation of long
run marginal cost, installation cost, depreciatiate of the generators are taken care of.

Incremental change in the future cost with respeqiresent active power demand is measured as
long run marginal cost of the generator. As a tesfitime domain multiplexing, the incremental ftgu
investment cost will be

oF. F.In(d+59) @
oP, P, In(L+d)
Dividing the future investment cost with genergiower demand, we have
F, 1, (1+d)
_C=_2C¢ (_j (5)
P, P,,\1+s
. . . . _OF,
Taking the value of In(1+d) from equation (3) antPrfrom equation (5), the final expression ng
d
becomes
OF, _ tl, (1+d) In(l+s)
oP, P, \1+s
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The proposed model for each generator is presémieguation (6) where for t time period the price
of power generation depends on demand and gergrsitie of generators if considering other pararseter
constant. So the projected pricing model is defiagd
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=g*— )
o is the profitability factor of the system. For thienulation purpose, here it is assumed as 10%.

3. NUMERICAL TEST RESULT

The proposed model is depicted in 203 buses 2@&8 #8 machines real power system of eastern
part of India, where the 23 numbers of generatoedavided according to their ratings in five typ@&hese
are 50 MW, 110MW, 300MW, 500MW and 600MW generat@spectively. The pricing model is validated
for each generator where the investment cost fagealerators has been considered as 100billlion p&R
MW and the growth rate and depreciation rate hasenbassumed 10% and 15% each. The proposed
methodology has been implemented based on the taonabpower flow solution with 10% varying load
demand. Considering 10% profitability for Gencoesithe respective generators’ pricing are varieth wi
variable load demand has been shown in Table 1.

From Table 1, it has been shown that due to thierdift rating of the generators with different
installation cost, generator prices are varying dach MW production with variable demand, while the

depreciation, profitability, growth rate, total #period are considered to be same for each genefdte
profile of changes of pricing is shown in Figure 1.

Table 1. Power Price for each generator with vayyaad

Generator Type Generators’ proposed power pride vetying demand
Gen A Demand (MW) 10 15 20 30 40
Price (Billion INR/MW) 568 759 997.8 1790 4097
GenB Demand (MW) 20 36 40 50 60
Price (Billion INR/MW) 536 818.5 903.85 1159 1508
Gen C Demand (MW) 120 135 150 180 220
Price (Billion INR/MW) 997.87 1145 1319 1790 2948
Gen D Demand (MW) 279 314 348 382 417
Price (Billion INR/MW) 1567 1965 2523 3396 5037
GenE Demand (MW) 520 538 548 558 575
Price (Billion INR/MW) 6389.5 8383 10086 12599 314
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Fig 1. Variation of price with respect to demandddferent generators.

Figure 1 illustrates that for higher rating generathe pricing is gradually increased with demands
compared to lower rating generators but it has learly observed that for each and every genetator
proposed price depends on their demand side. [fi#meand is increased per MW pricing is also inerdas
gradually. Moreover from Table 1, it has been obs@rthat for same demand higher rating generataepo
price is less than the lower rating generator, fa&&. 20MW demand, Generator A power price is
997.8BillionINR/MW where as for same demand, Getwer8 power price is 536 BillionINR/MW. So it
implies that present variable demand has an obwdfest on future investment cost of gencos.Thages
based generation price allocation methodology garesignificant effect in power market.
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4. CONCLUSION

This paper proposed a novel method for provi pricing based on long run marginal cost of
generators where generator capacity and demandapiagat role. This paper stressed on recoverytafd
investment cost of generators by Gencos in dertgglilenvironmel. The proposed methodology has b
testedin a 203 buses 267 lines 23 machines real powdersysf eastern part of India where total
generators are categorized in 5 types accordinbeio ratings. Simulation results have establistied the
proposed method is promising for large scale ronments. The generaterpower prici can be derived
using this formula effortlessly. This methodologpyides forwar-looking economic messages and reflec
the degree of generator’s usage fac
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