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Abstract: Along with the development of smart grid, demand responserbes the key character of it. Traditional method is unable
to simulate the effect of the demand response to the powtmaysperation. Intelligent engineering theory provides useful tool to
address such difficulty. Based on the intelligent engimegtkinds of demand response resource are integrated ateldras efficiency
power plant (EPP), an power system production simulatiothatewith the multi agent computing approach is presentesinaollate
the EPP, among which generation agent (GA), efficiency pgleatt (EPPA),as well as the coordination agent(CA) is distadd. CA
make the generation scheduling according to the biddirgemwi the power plant aiming to balance the power demand gulysGA

and EPPA adjust its bidding strategies on the basis of cléeg pnd the profits received. Comparison with equivalestgnfunction
and sequence operation method, as well as analysis andet&lnwf the reliability indicator of EPP has been carried lbased on the
IEEE RTS 79 system demonstrate the validity of the propoppdoach.

Keywords: Intelligent Engineering, Demand Response, Efficiency Pd&®@nt, Probabilistic Production Simulation

1 Introduction system  with  power plants have  energy
constraints.Papeémade an introduction of principles

In order to meet the challenges of energy shortageyng characteristics of three basic Monte Carlo Simulation

and resources limitation, smart grid will become the algorithms, Sequential Simulation, Non-sequential

development trend of the electricity sector in the neargimyjation and Pseudo-sequential Simulation, expounded
futyre.. Consumer can interact with grld according to theirine idea and procedure of Monte Carlo method in
objectives and the amounts of shiftable lodd.Ih the  rgjigpjlity calculation of power system and analyzed the
smart grid, power planning takes into account both theconyergence of this approach. However, equivalent load
conventional plants and the resources in demand sid&y,ration curve used in the Equivalent Energy Function
which can be integrated into Efficiency Power Plant \jethod is an approximate method, and it fails to separate
(EPP). Obviously, EPP can reduce the demand folgaq of different reliability requirements. Moreover, der
electricity so as to optimize the resource allocation andscgje of computation in the Monte Carlo Method will cost
improve the efficiency of electricity use at the same g |6t of time, thus accuracy of the result will be difficult to

time[2]: .. . achieve.
With the gradual development of smart grid, it is

necessary to take into account EPP’s effect in terms of  Considering the drawbacks of above traditional
power source optimization and power system operatiormethods, Papeffand [8] proposed Sequence Operation
analysis. Therefore, we have done some research oNlethod that are suit for Integrated Resource Planning and
power system production simulation considering EPPProbabilistic Production Simulation in power market
resource. based on sequence operation theory. This method takes
Traditionally, Equivalent Energy Function Method resources in supply and demand sides, as well as loads of
and Monte Carlo Sampling Method are used to analyzdlifferent reliability requirements into account, and teea
power system operation.PapgH,5]introduced the production simulation as the matching process between
principle and calculation processes of Equivalent Energysupply and demand. During the supply-demand balance
Function Method, and estimated the reliability of power process, sequence operation method sort different
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resources in supply and demand sides according to their  U; increase with the increment of the good
economic index, and terminate the process when itconsumptiore;

reaches equilibrium. Then economic and reliability 2)@ > 0(i = 1..n)

indicators can be calculated consequently. However, oct
based on the fixed order of the supply resource and the
load, the sequence operation method ignore the ability of
the resource in the supply side and some load could adjust

margljinal utility decrease progressively.

it output during operation. 2.2 Decision making process
With the development of Atrtificial Intelligence (Al)
and Agent simulation technology, Intelligent Engineering Agent aims to maximize its payoff and the decision

which is based on Neural Network, Fuzzy system and Al,making process can be described as follows:

can reflect the behaviors of individuals and the way they

adjust their behaviors, as well as how the whole system v(s, ) = ZB‘E(uﬂn,so =s) Be [0,1] 3)

evolve to the optimal state, it has been utilized widely in

power development strate@jand power grid planning whereg is the initial statel is the payoff received at

[10. hourt;Bis the coefficient;agent will adjust its production
Based on Intelligent Engineering theory, this paperin response to the change in the external environment and

proposes a multi agent computing approach to carry outeach a new sta@és’, ﬁ) after adopting strateg;;f.

the simulation of both conventional units and EPPs At the same time, other agentin the system will adjust

considering forced outage of units. Then, economicstrategyA; according to its stat&§ rg = A1, Ap,... Ay|S

indicators and reliability indicators of the system can beR=rg),rs,,...rs, Therefore, utility of the whole system

calculated. Finally, comparison of agent simulation can be described as follows:

method with Equivalent Power Function Method and

Serialization Method, as well as the case study of RTS-79 = u(Uz) +u(Uz2) +u(Uz) +... +u(Un) = T1<iUi = Y1<i1<;Cim

considering EPPs verifies the validity of the proposed (4)

method. After every agent choose its strategyall the agent
setAgt = agi1, agro, - - - agtn Will come into the state of the
whole system s = (5,%,...5),among which
2 Intelligent Engineering Hybrid Model s € §(i =1,2,... n).State of the whole system as hdur
can be described &k
Intelligent ~ Engineering  extends traditional Assumption:

mathematical model and uses generalized model to depict ~ Generally, relations of the agent are non-cooperative,
mapping relationship in the complex systems. Moreover|f 2gentagi change its strategy from to f;,just as follows:
in the generalized model, mappirfgis used to reflect a

certain relationship between any seandY: VS, and (s, 71) = Vo(So; To) (®)
fix—y xe X,yeY 1) then
Generalized model is consisted of the following five S| fi and S| fi=(s1,%, .- %) (6)

kinds of models: mathematical model, rule model, fuzzyand
reasoning model, neural network model and hybrid model.

v(s.1) = u(s.an) + BZ(s[sanv(s.m) (V)
2.1 Agent model .,
Ui (S,T[) <—Ui(s, T[) (8)
Agent model combines two different models above .
and creates an intelligent space, which can be regarded as U ® | f <l (S’m) (9)
a hybrid modell1].In the agent model, agent can be : =
described as: then /
agi =< SAU,p> ) s® =s(t) (10)

whereag is agenti;S refers to the intelligent spacé  \yheres® is the dynamic equilibrium state arrived after
refers to the action space;Sx A— Rrefers to the utility  jnteraction between agents at hour

matrix that Agent receive@,: Sx A — A represents the Thus, evolution of complex systems can be expressed

transformation function matrix. _ by intelligent path sePB which link initial state se§ and
The utility of agent can be described as {arget state sdd:

Ui = Ui(ci1,Ci2...Cim)
152 > 0(i =1..n) ($,D) — PB (11)
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Therefore, the approach then becomes to solvenuclear power, etc. Firstly, operating state of the
B =< %,D,PB>,andm1 intermediate states betwe&n  conventional units is simulated by sampling method.
and D form an ordered sequenc®,D1,D»,...D and  Then the process is carried out repeatedly to simulate the
PB1,PBy,... PB,.Then we can gan states in the solving  stochastic forced outage of the units approximately. GAs
process,as shown in Fig.1: select bidding strategies aiming to maximize their payoffs
and its objective function is:

B11 =< S,D1,PBy > (12)
Maxf = APea Tep Xit — CiPop Tea Xit (16)
B12 =< Dj1,D2,PB; > (13)
st.Peaimin < Peai < Peaimax (17)
Blm:< Dmfl,D,Pan > (14)
Qaaimin < Qeai < Qcaimax (18)
B=B11MNB1iN... Bin,PB=PB,PBy,... PBy (15)
(tup(i) = ;") (Kit-1—Xit) =0 (19)
. - (tdown(i) = T4 (Xie-1—X%i1) > 0 (20)
7 i A 7\
VR R TN A, )
21 IR ;L M8 S | Tt | B=B11NBi1N... BimPB=PB;,PBy,... PBn (21)
]’”,‘/ Y y— -/ ‘f Vot N of whereA is the clear price in the mark&,; is the power
R T | w / generation of generator agdriiga; is the total operation
( [n;mﬁ S e Memedie S time of generator agemtX; is the status of generatoat
\ I/ ' o hourt,and generataris on (X = 1) at hourt;t,p(i) and
\_/ iemedite tgown(i) refer to the duration during which unit is

continuously ON/OFF; TP and Tdo"" refer to the
Fig. L Intelligent path and its solving mechanism minimum up/down time of generat®)CiPsp is the cost
function of generator;Qgai is the reactive power of the
generatoi;Psaimin » Peaimax @nd Qaaimin Qcaimax refer to
the minimum and maximum output of the active and

3 Agent-based Production Simulation Model reactive power of generatarAccording to papef[2,cost
considering EPPs function of generatorcan be described as follows:

In smart grid, power companies and consumers Ci(Poai) = 0iP3ai + AiPeai+ ¥ (22)
adjust their strategies and behaviors in order to maximumyhereq;, 3,  refers to the coefficient of the cost function.
their prOﬁtS. Agent-baSEd model can simulate individual’s Generatoi bids according to their margina| cost as
autonomous response behaviors ideally, so it can be useg)ows:
to simulate the autonomies of power companies,
consumers, and the interactions between individuals and A Pen dG (Psai)
the grid. Also, further analysis on the reliability of grial i AT TR

interactive mode can be carried out. Generator evaluates its profit and adjusts its bidding
strategy, as shown in Equati@4y

= 20iPcai+ B (23)

3.1 Model Design Mt +1) = deailhit), fi.Poai) (24)

The proposed model is consisted of three kinds ofwheredga; is the adjusting coefficient of the generaigpr
entities: power generation enterprises, power consumertgfers to the operation time.
and grid. So the Agent-based production simulation
model considering EPPs includes Generation Agent

(GA), EPP Agent (EPPA) and Coordination Agent (CA). 3.3 Efficiency Power Plant Agent

In the smart grid, consumers can interact with the grid
3.2 Generation Agent so as to reduce their cost. Therefore, the efficiency power
plant can be characterized by the way consumer responses
Generation Agents represent various conventionato the price change in the market, and it can be described
generator units, such as thermal power, hydropower anas follows:
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3.3.1 Energy Saving EPP Moreover, these two EPPs aim to maximize their
payoffs in response to the price changes in the market,
Energy can be saved by replacing the high energytheir target and constraint can be described as follows:
consumption equipment with energy saving equipment to
save energy, for example, high efficiency motor, high Maxfj = ZAPeppiTerpj—Cj(PeppiTerp))  (32)
efficiency appliance, and the saved energy can be treated
as energy resources, thus output of this kind of EPP is the

difference between these two kinds of equipmeg|t[as .0 < Peppj(t) < Roadl(t) (33)
illustrated in Equatior5)

PEPPi(t) _ Pc(t) _ Psaving(t) (25) QEPPJmlnf QEPPJ = QEPPJmax (34)
where Peppi(t) is the output of the energy saving z Peppj(kt) < Road(K) (35)

EPPP.(t) and Psavindt) refer to the output of the
traditional and replaced equipment respectively.
So, cost of energy saving EPP can be calculated a

whereC;(PeppjTeppj) is the cost of the transferable and
gterruptable EPHeppjis the operation period of the
PPPeppjmin is the minimum output of the EPP, for

follows: . .
interruptable EPPgppimin = 0;Peppimax the maximum
Ci(Feppi) = Gi(Psaving — Gi(Fe) (26) output of the EPF; PEPJPj(kt) is the Ic;ad that shifted from
where Ci(Peppi) is the cost function of energy saving hourkto hourt.
EPPCi(Psaving and Ci(P;) is the cost of buying high Also, EPP adjust its bidding strategy at hour
efficiency and traditional equipment respectively. according to its output and profit received at hourl, as

Given that energy saving EPP is a reduction of theshown in Equatior§6)
load curve, so, energy saving EPP chooses the fixed
bidding strategy, and the profit can be calculated as Aj(t+1) = Aj(t) +E(A,A5(Fepp)). fj)  (36)
follows:
whereé the adjustment coefficierft;is the profit received.

fi = Teppiy APeppi—Ci(PeppiTerPi) (27)

3.4 Coordination Agent
st.Peppimin < Peppi < Peppimax (28)
Aiming to minimize the operation cost, coordination
agent take decisions for committing generators depend on
Qeppimin < Qeppi < QepPimax (29)  the bidding price and output of the power plant and the
where Peppimin Peppimax Qe ppimin Qeppimagefer to the — POwer demam_j under the network constraint. Then, Los_s of
minimum and maximum of the active power and reactive -0ad Probability and Expected Energy Not Served during
power of the energy saving EPP respectively. the time mFervaI T can be calculated, CA aims to minimize
the operation cost of the system:

3.3.2 Transferable and Interruptable EPP Minf = Vi (Peai) + 2V;(Pepe) (37)
Transferable and Interruptable EPP modifies the loadst § pg i+ Peppj— Poad — Rosd Peai Pload) = 0
in response to the system condition, for example, shifting ;£ i<EPP
them to off-peak periods or trimming the peak loads. (38)
Assuming that output of these two EPPs varies with the
clear price in the market, and it is described as follows: Prran(Poai, Aoad) < Prranmax (39)
Peppi(t) = beppjA (30) where V; and V; refers to the operation cost of the

traditional generator and EFfRss(Peai, Road)is the line

wherePeppji(t) and Peppp(t) refer to the output of the  10SS; Prran(Peai, Road) is the power transmitted in link
transferable and interruptable EPP respectitelpjis  Prranmaxis the maximum transmission capability.

the coefficient of the output-price function. Coordination agent calculates the market clear price
EPPs bidding according to their cost, as illustratedaccording the bidding price and the power demand and
below: supply, and then makes the scheduling plan, as shown in
Aj(Peppj) = beppj+ CeppPePP| (31) Equationd0) and Equatior41)
where beppj and ceppj is the coefficient of its bidding  B(t) = (Ax(t),Pear(T)), ... (An(t),Pean(T)),- .. (Aepri(t), Peppi(T))
price and output. (40)
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Load
AL(t) < A1(t),... An(t) (41) i
if Y
P(t) > Pload (42) LOLP Coordination Agent EENS
A A
then T T T T T T I
Efficiency Powe
g PGAi (t) = H_oad,)\ (t) = )\m(t) (43) Generation Agent = o ]]]’lrj;l e
<i . |
}.y P{,‘; | A [)Lf“.";x' |
else Generation Agent [ — ],‘i'Iicicjl]ji?;rP{)\w'cr
P(t) < H-Oéld (44) Xy P A Pippg m
Fig. 2: Coordination mechanism of agent
At) =An(t) (45)
3.6 Simulation flow chart
Ross= Rload — R (46) In this paper, communication and coordination
between agents can be seen in the flow chart as shown in
whereBR s refers to loss of energy. Fig 3.
Finally, LOLP and EENS can be calculated as
follows:
2toss < s S
LOLP= —/= 47 4
£ (47) ——
Read load curve and initialize
the parameter of the generator
Assigning l]‘;L’ eration time |
87602H034|OSS 1*24: )L{W]Li‘ll?il'll count time
E E N S: T (48) count 1s set to zero, max.
=0.count=0
. . Getting the status matrix
wheret|ossrefers to the duration during when power supply method of the generator by ¢
can not meet the demamsgloss |S the IOSS of energy monte carlo \;131171|nwg method
’{ Generator choose to bid | (' End
MO Poyidn) | ry
. W X u|cui;~t‘c‘ LOLP, |
CA calculate the clear price EENS |
based on the power supply
3.5 Coordination Mechanism and demiand Ves|
Generator adjust its bidding AN “No
tra :::\:: i\nﬁlthc profits \‘i«ium—ma\: =0
Fig 2 shows a simplified architecture of the proposed |:::l 141 | f
multi-agent approach. For intelligent scheduling of . |
generators, GA can communicate and share information < T >——fcountcountt1]

with CA, and coordination between generators can be
possible via CA. After GA and EPPA check their up and
down output constraints, CA sorts the generator in
ascending order of their bidding price, and then commits
the generator. GA and EPPA adjust its bidding strategy at
hourt based on the clear price delivered at hourl by Step 1: This stage is designed to initialize parameters
the CA. Finally, LOLP and EENS can be calculated whenof the generators, as well as read the load curve.

the CA terminates the proposed multi-agent approach at  Step 2: Assigning the iteration time T=24, and
hourT. starting iteration time t=0. Similarly, simulation time

Fig. 3: Flow chart of the simulation
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count is set to zero and its maximum value max is set to4.2 Comparing to the sequence operation
100. method

Step 3: According to the FOR of the generator, its
operation status matrix can be got by monte carlo sampling
method.

Step 4: GA choose to bid on the basis of (22), and

sends its output and bidding price to the CA, so it is with Table2: Results compared with the series methods
the EPPA Real  Sequence Operation  Agent

LOLEd/a 1.37 1.34 1.35
LOLP 0.00% 2.31% -1.61%

Step 5: CA sorts the generators in ascending order
of their bidding price, and the market clear price can be
calculated on the basis of the power supply and demand,
and delivered to the GA and EPPA consequently.

Step 6: GA and EPPA evaluate its profit and adjust
bidding strategy based on (23) and (35).

Step 7: The iteration timeincreased by 1, if tis less
than T, go to step 4; else, go to step 8.

Step 8:The simulation times count increased by 1, if

Table 2 illustrates the difference of using sequence
operation method[4land agent method to calculate the
reliability index of the IEEE RTS 79 systedd). It can be
seen that difference of these two methods are 2.31% and
1.61% comparing to the results in pagd[So, the
count is less than max,is set to zero and return to step results derived from the simulation by agent model are

) closed to the values acquired in reality, thus it can be used
4;else go to step 9. ) ! A
to simulate the power system operation considering the

Step 9: EENS and LOLP can be calculated, terminatedemand response resource, as well as the EPP resources
the iteration and output the result. P ' '

4 Validation 5 Conclusion

In conclusion, based on the intelligent engineering

In this paper, validation analysis have beentheory, a multi agent computing approach is presented in
conducted by comparing the multi-agent approach anghis paper to carry out the production simulation of the
equivalent energy function and sequence operatiothower system, among which different rules and principles
method. of the agents are established. Comparison to the
traditional equivalent energy function and sequence

operation method verifies the validation of the multi agent

4.1 Comparing to the equivalent energy computing approach. Thus, agent simulation approach
function can be used to simulate production of the power system
considering EPPs. Future research will be focused on the

According to case 4-4 in pap&ijpeak load of the different initial state and its effect on:1) the equilibmiu
system is 82MW, and the energy supply is consisted oftate us® | fi < ui(s®) 2)the intelligent path
three generators, whose capacity is 40MW, 40MW,20MwWB =< S,D,PB>.
respectively, with the coal consumption of 400g, 400g,

4509 every kWh.
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