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Abstract: That wind power provides automatic generation control (AGC) is an innovative solution
to the lack of AGC ancillary services and the problem of abandoned wind. How to appropriately
compensate the wind power generators who provide AGC ancillary services is a critical issue.
Based on the day-ahead market and priority decision-making model, this paper takes two sciences,
unit performance preference and unit economic preference, into consideration, and uses the compre-
hensive evaluation method to order wind power farms. Then it establishes pricing model and com-
pensation strategy according to the capacity price and the electricity price. Aim to provide a refer-
ence for future pricing and compensation model of wind farms in Chi-na.

1 INSTRUCTION

Automatic generation control (AGC) is a key part of auxiliary services, which is of great im-
portance to maintain the security and stability of power grid [Zeng Ming, 2011]. Only the power
suppliers possess AGC units in the electricity market environment, therefore, it is necessary to build
an appropriate AGC ancillary services pricing model and compensation mechanism to stimulate the
wind power farms to provide safe and economical AGC ancillary service.

The pricing and compensation of AGC mainly include cost pricing and market pricing. Tradi-
tional AGC cost pricing generally takes the investment cost, maintenance cost, operation cost and
opportunity cost of a unit into consideration [Wang Juanjuan, 2010] [Tao Chunhua, 2006]. Due to
the incomplete information, the cost of AGC units to provide ancillary services is difficult to meas-
ure. However, cost pricing method provides a theoretical basis for the market pricing. Using proba-
bilistic method and the equivalent price principle to stochastic simulation of AGC units is able to
estimate the value of the capacity of ancillary services and the loss of opportunity cost that AGC
units could provide, and these two values can be understood as capacity of AGC units in the market
for electricity and power electricity ['Yan Maosong, 2012].

The standard value of AGC that the power plant adjusts with the obligation could be made ac-
cording to the situation of power load characteristics and AGC adjustment, and the grid AGC deal
making model can be established [Xia Wei, 2012]. It is one of the typical methods of market pric-
ing. Li Dan (2010) constructed comprehensive index evaluation of AGC performance, and proposes
the corresponding AGC compensation method. ORQUINRA, (2004) established the corresponding
indicators including conditions (such as market supply and demand ratio), behavior (such as the re-
tention ratio) and performance (such as market efficiency index in view of the ancillary services
market competition, and make a comprehensive evaluation about the auxiliary services of bidding
unit (AGC and spinning reserve, etc.). Comprehensive evaluation method was applied to AGC an-
cillary service market in the United States, ISO determines the market clearing price, AGC service
FM on the basis of AGC capacity quotation the tenderer provide, according to the order of the final
price [Zhang Ji, 2006]. MU Tao (2005) and Wu Jigguang (2006) constructed index model with ana-
Iytic hierarchy process, sort the bidding of AGC units, and finally compare the result of the different
scheme of compensation.
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China’s power auxiliary service market has not been established and the wind turbines have the
ability to provide security and stability of AGC service are relatively scarce, AGC priority decision
model has more practical significance, at the same time in order to make the AGC trading not too
complex, this paper chose the day-ahead market bidding model. Using the analytic hierarchy pro-
cess to evaluate the unit only is too subjective, and entropy weight method is to evaluate objective
data. The comprehensive evaluation that combines both of them are more persuasive. In addition,
wind unit capacity is small, in commonly 2MW or so, thus based on the wind farm, this paper eval-
uates wind farm with the final integration method.

2 THE DESCRIPTION OF THE PROBLEM

In the ancillary services market, part of the wind turbines has the ability to provide AGC ancil-
lary service. Wind AGC units in wind farms bid in the day-ahead market, and report only once each
work day. In the model of priority in electric power market decisions, the winning wind farms can't
participate in the spot electricity market auction, only wind farms out of AGC bidding system could
participate in.

Analogy to the traditional ancillary services markets, wind farms for the bidding process as
showed in Figure 1[Li Yanqging, 2012] [Huang Yonghao, 2003]: (1) Quotation. Wind farms partici-
pated in AGC service declare the original data within daily prescribed period of time. Declare con-
tent includes electricity price, electricity price, availability, capacity adjustment capacity, adjust the
rate, adjusting precision and response time. For the convenience of calculation, bid price unit is the
yuan/MWh. (2) Initial screening. If the wind farm’s availability is lower than a certain value (e.g.,
98%) , dispatch center kick it out of the bidding according to the power grid hard Numbers. (3)
Wind farm sorting. The remaining of wind farms are sorted based on the system of comprehensive
evaluation results. (4) Choose a wind farm. Combining with the AGC day-ahead capacity demand
that prediction center has forecast (the day-ahead demand forecast should be more than 15 minutes),
select wind farm from high to low according to the wind farm sort. Wind farms which were not se-
lected also withdraw from the bidding. (5) Transfer. Transfer wind farms who won the bid accord-
ing to AGC 15 minutes’ capacity demand forecasting. Capacity that was not transferred cannot par-
ticipate in electricity market auction. (6) Compensation and settlement. Compensate winning wind
farms based on their own capacity of the respective quotation and adjustable capacity. Compensate
for capacity electricity according to the actual transfer of wind farms’ capacity.

Shown as the Fig. 1, after all wind farms meet the requirements participating in the bid, how do
we determine the corresponding sorted basis to choose wind turbines to provide AGC service is the
primary problem. After the unit is transferred how to compensate for has important effect on the
safety and economy of power grid. So below will build pricing model and compensation strategy of
wind turbines providing AGC service based on the two key points.
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Figure 1. The flow chart of AGC auction.

3 PRICING MODEL

In this paper, wind farm bidding methods mainly are analytic hierarchy process, eigenvalue
method, entropy weight method and integration method [He Yongxiu, 2011].

3.1 The standardization of data processing

Indicators are with dimension, and the numerical difference between the absolute value is large.
To eliminate its influence on the selection of AGC wind farms, before calculating objective weight
with entropy weight method, various indicators need the dimensionless normalized processing.
Suppose there are m AGC wind bids, by the North China grid power plant auxiliary service and par-
allel operation management rules through by north China region and the related literature, number
of evaluation index of AGC wind farm is a total of six, which form the original data matrix:

X = (xij)mxﬁl

Among them, greater the value of the adjusting speed (*:), and adjustable capacity (*¢), greater
the results of comprehensive evaluation results; Higher the index value of capacity of electricity

(%), electricity price (*:), adjusting precision (*:)and response time (*s), more bad the result of
comprehensive evaluation. So can make:

X,-minX, , j=3,6 (L
Ri= max X;; —minX
_ M XXy | j=1,2,45 (2)
- max X; —minX,
Get normalized matrix: ' '
X':(Xijl)mXG (3)

3.2 The entropy weight method to determine the objective weight

Entropy weight method is a kind of objective methods of empowerment. In information theory,
entropy is the measure of system disorder and source signal uncertainty; If the index information en-
tropy is smaller, the amount of information indicators provide, the effect in the comprehensive eval-
uation and its weight or entropy is greater.
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According to the matrix x *, calculate the schemel ‘s contribution i | under the index J s attrib-

m 6

Bi =X X% . e =-k P, InP;

ute, among them ' ' 2% Calculate the entropy value € of index ], 2RIR
P -0 lim B;InR; =0 _ o )
(when"1 =, make®i~= ), among them, K=1/m_Calculate the Coefficient of variance of
the index J, 91 =178 and determine the normalized weight is
;=9 /Z; 9; @)
j=

3.3 The characteristic value method to determine the subjective weight

In this paper, we use capacity of electricity, electricity tariff , speed, accuracy, response time, and
adjustable capacity of six factors as evaluation index of AGC wind farm, with
X1 X2 X5 X4 Xsand Xsto respectively represent. Hierarchical analysis model is set up as follows:
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Figure 2. Hierarchy model of assessing AGC wind farms.

When compare the elementiand element J with the importance of some factors on the upper

layer relatively, use the quantification relative weight %ito describe. In this paper, there are total of

A=(y

six elements in the comparison, so oo is called a paired comparison matrix. In paired

comparison matrix ,value of % refer to Satty ‘s proposal , value between 1 to 9 and its inverse.

Steps of inspecting consistency of paired comparison matrix A in general literatures are as fol-

lows: firstly, measure a paired comparison matrix A’s inconsistent degree index Cl:
Cl = (e (A)—6)/(6-1).

Then get standard value of RI by looking up table, and calculate the random consistency ratio
CR of comparison matrix A, CR=CI/RI \when CR <0.1 judge that comparison matrix A has sat-
isfactory consistency, or its inconsistent degree is acceptable; When does not meet CR<0.1 judge
that comparison matrix A has no satisfactory consistency, need to be revised until it has satisfactory

consistency, and get all of the same level indicators’ sorting weight value Wifor the highest levels
of importance.

3.4 Based on integration method of the combination of empowerment

Combine the objective weight " with subjective WeightWi, and the combination of empower-
ment get is:

6
19].:rj~wj/21:rj-wj (5)
=

so the comprehensive evaluation index | for AGC wind farm is
Yi :iejx‘j ©)
j=1

2064



4 THE COMPENSATION STRATEGY

Evaluate AGC unit contribution comprehensively, and provide AGC ancillary service with com-
pensation basis respectively. The method is based on daily 96 points every day (15 min each time),
according to the capacity cost and power cost to compensate.

Review units according to performance, quotation and the actual power indicator submitted by

AGC wind farm, then the inspection qualified units shall be compensated. The ith bid AGC wind
farm should payCi :

1/4

Ci = PciQi !4+ KR _[ Ridt
0

Simplify the above as follows:
(RQ +KPQ)/4 (7)
i=1,2,3m-1:Q =Q;

i= m:Qi. = QlSmin _E‘,Qu)

Q.. =>0<Q <30

T is Operation of AGC time, R is regulating capacity recorded in EMS . Q is the adjustable
capacity, Q is each wind farm’s actual call capacity in 15 minutes, P is the ith wind farm’s

capacity of electricity, P is the 1th wind farm’s electricity tariff, K, is the Tth wind farm’s

AGC availability. % is day-ahead capacity demand forecast of AGC , @smn is capacity demand
forecast of AGC in 15min.

5 CONCLUSION

According to different scheduling preference, this paper discussed the AGC service on wind
farm, and put forward wind farm bidding and compensation strategy in day-ahead market priority
decision mode. Combine the entropy weight method of objective weight combination weights, when
play down the difference of the subjective preferences, also strengthen the characteristics of the raw
data itself, therefore, it makes results more reliable, more persuasive.
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