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Abstract

The energy loss of the power grid is one of the key factors affecting the eco-
nomic operation of power systems. How to calculate the electric energy con-
sumption accurately will have a great influence on the planning, operation
and management of the power grid. Currently there is a mountain of theoret-
ical methods to calculate the line loss of the power system. However, these
methods have some limitation, such as less considering the volatility of wind
power resources. This paper presents an improved method to calculate the
energy loss of wind power generation, considering the fluctuations of wind
power generation. First, data are collected to obtain the curve of the typical
daily expected output of wind farms for one month. Second, the curve of the
typical daily expected output are corrected by the average electricity and the
shape factor to obtain the curve of the typical daily equivalent output of wind
farms for one month. Finally, the power flow is calculated by using typical
daily equivalent output curve to describe the energy loss for one month. The
results in the 110 kV main network show that the method is feasible.
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1. Introduction

The power loss analysis is a method to acquire the power loss degree in the
process of power supply, and one of the important economic and technical indi-

cators to assess the power supply business, which provides a theoretical basis for
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future reduction of power loss [1] [2] [3]. Hence, the economical and practical
significances of power loss analysis cannot be underestimated.

As the advantage of environmental friendly and sustainable development ca-
pability, the renewables increase rapidly. Renewable energy is considered to be
one of the effective measures to achieve energy saving, and can replace tradi-
tional power. Compared with conventional power sources, wind power, photo-
voltaic energy and other renewable energy sources have features of randomness,
volatility, regionalism and so on [4] [5] [6]. Some researches show that wind
farm output has very large volatility both for days and years. Figure 1 shows the
output of a wind farm for each 15 min intervals for two consecutive days:

As shown in Figure 1, the curve of the wind farm output for two consecutive
days are quite different. The previous studies usually treat wind power the same
as the conventional resources, which consider the one hour output is basically
constant and ignoring the volatility of output in any selected typical days. It can
be seen from the definition of the energy loss, which is obtained from the
integral of the power loss over a period of the time. As if the fluctuation of the
wind power output is not considered, the power loss error will occur in the cal-
culation.

Zhang mentions that wind power generation is considered as “nondisposable”
due to the randomness and intermittence [7]. Wu introduces the equivalent
power method to calculate the energy loss of wind power integration [8]. Shape
factor K is defined in [9] [10], which can be used to correct the average to reflect
the volatility of a curve over a period of the time.

This paper presents an improved method to calculate the energy loss of wind
power generation, with consideration of the random fluctuations of wind power.

In order to describe the volatility of wind farms, the energy loss can be calculated
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Figure 1. The output of a wind farm for each 15 min intervals for two consec-
utive days.
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more accurately making use of the shape factor. The validity of proposed me-

thod is verified by a case of 110 kV main networks.

2. The Original Method of Energy Loss Calculation
2.1. The Typical Daily Method of Energy Loss Calculation

The energy loss is divided into two parts, one is caused by transformers, lines,
reactors, capacitors and so on, and the other contains corona loss and station
power loss, which are considered as constants in the calculation. Therefore we
focus on the energy loss calculation in the power system caused by transformers,
lines, reactors, capacitors and so on in this paper. When calculating the monthly
energy loss, the power flows repeatedly suffer from the heavy computational
burden, so the basic idea is to calculate the energy loss of the typical day, and es-
timate the monthly energy loss [11].

In the original method of energy loss calculation, the outputs of the load and
the generation for each time period is considered as constants. The energy loss
of the typical day can be calculated as shown in Equation (1):

AA, = [i (3% I5R,, j + i ivﬁmem } x107° = AA, + AA, (kWh) (1)

1=1 t=1 m=1 t=1

Here, AA, is the energy loss of the typical day (kWh), I, is the current of
branch /at time #A), R, is the resistance of branch 7 at time #(Q), L is the

number of power lines and transformer branches; V,, 1is the voltage of node m

m
at time A V), G, is the transformer core loss or equivalent conductance of
shunt reactors and capacitors of node m(S), M is the number of grid transfor-
mers.

Since AA; is considered as a constant in the calculation, this paper focuses
on studying line loss AA;.

L, V

\m and other operating parameters are obtained from the power flow.

tl?

2.2. A Method for Correcting the Typical Daily Curve

Based on the information of active and reactive power injections of the genera-
tors and loads, the power flow can be calculated to acquire the outputs of the
voltage/current of each nodes and the power of each branches.

In the calculation of line loss, watt-hour meters are considered more accurate
than power meters. If both meters are accurate, the integral value of daily power
should be consistent with the value of watt-hour meters for each day. Otherwise,
the power for each hour will be corrected by the average electricity according to
the curves of the load and the generation. The process of the method is shown as
follows: is: first, the curves of the load and the generation for each bus are con-
verted into the table of the load factor and the generation factor. Then, the aver-
age power is converted by daily electricity. Finally, the 24-hour data of the load
and the generation of every node are formed for power flow calculation by mul-
tiplying the average power by the corresponding table of the load factor and the
generation factor [12] [13].
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The active load factor for node 7at time ¢is shown in Equation (2):
P

fi,=—% 2
" I:)avi ( )
P, is calculated by Equation (3):
Py =% 10 (3)
24xT,

Here, f; is the active load factor of node 7 at time # P, is the measured

power of node 7 at time {MW), P,

Vi

(MW), A, is the monthly active power supply of node {kWh), T is the

is the daily average active power of node /

number of days in that month.
Suppose there are H nodes in the grid, and the table of the load factor is pre-

sented in Equation (4):

f1,1 f1,2 T f1,24
f2,1 fz,z Tt f2,24

el @
_fH,l fH,2 fH,24_

24-hour load data can be acquired by typical daily power supply of every
node.

P, :%x f., x10(MW) (5)

Reactive power can be acquired in the same way. The generator node can be
acquired as well as the load node.

In summary, the corrected method can make up for the error caused by power
meters, and fully take into account the influence of the curve of the load and the

generation to the line loss.

2.3. The Method of Estimating the Monthly Energy Loss

The estimation of the monthly energy loss is shown in Equation (6):
AA, =AA, xT, (6)

Here, AA,, is the monthly line loss (kWh), AA, is the line loss of any typi-
cal days (kWh).

3. The Method of the Energy Loss Calculation Considering
the Volatility of Wind Power Generation

3.1. The Curve of the Typical Daily Expected Output of Wind
Farms

From the above analysis, the volatility of wind power generation is too large to
select a typical day. Therefore, the original method will cause a very large error.

Based on the output characteristics of wind farms, this paper presents a method
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to acquire the curve of the typical daily expected output of wind farms for one
month. The method is to collect data of the wind power output per hour per day
of the whole month, and the superposition of the data per hour is divided by the
number of days to acquire the expectation of wind power output per hour for
that month. This method can get the curve of the typical daily expected output
of wind farms for one month.

The expectation is shown in Equation (7):

T

> P

—_ k=1
R =5 (MW) (7)

m;t
m

Here, P, is the active power expectation of the wind power output in hour

{MW), B isthe active power expectation of the wind power output in hour ¢
on day A(MW).

We replace the original curve of wind power output to the curve of the typical
daily expected output of wind farms, and then correct it by the average electrici-
ty to calculate the power flow, and get the energy loss of a typical day via the

power flow calculation, and estimate the monthly energy loss at last.

3.2. The Curve of the Typical Daily Equivalent Output of Wind
Farms

The method in 3.1 still exists some problems. For example, the data of sampling
points are too small to reflect the volatility of the wind power generation. The
wind power output for each hour is considered as constants both in the original
method and the method in 3.1, which is not consistent with the fact that the
wind power output is fluctuant violently in every hour. Therefore, the method
needs to be further improved.

With the improvement of the power grid dispatching automation level, most
of the regional power grids have SCADA function, corresponding with the abili-
ty to collect more power grid operating parameters. To maximize the influence
of the volatility of wind power generation to the line loss calculation, one sample
point per hour is increased to N samples per hour in this section.

The energy loss at time T for each line is shown in Equation (8):

T2 -3 2 -3 Pe§1+Q92q -3
AA =3[ 17Rx10dt = 312 RT »10 ==z RTx10 (8)

Here, | P, and Q. are equivalent values of the current, active power

eq’ eq
1,75
g = /?jo I %dt 9)

and reactive power [1].
When the grid voltage is constant, P,, and Q,, also have the same expres-
sion as Equation (9). Thus, the so-called equivalent value is actually a RMS value.
Equivalent values of the current, active power and reactive power can be

represented by their mean values.
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eq — Glav
Peq = Kpav (10)
Qeq = I-Qav

After bringing in the average load, the energy loss formula can be rewritten as
Equation (11):

AA=3G?IZRT x107° = RT(K P2 +12Q? )xlo3 (11)

PaV i
A
Q=2

(12)

T

In this paper, we introduce the concept of the shape factor to the curve of the
typical daily expected output of wind farms. We set 7'to be an hour, collect the
output data of the wind farm every day of the month, and calculate the mean
and RMS values.

The time interval is set to be each one hour. So Equation (7) is corrected to
Equation (13):

Tn N
Z Z Pk nt
k=L n

==Klnl (MW 13
ave,t T XN ( ) ( )

The formula for the RMS value of t period is as follows:

(14)

m N Tn N

ZZ sz,n,t z z Pk,n,t

k=1 n=1 / ksLn=l (15)
T xN T, xN

Here, P,,.,is the mean value of active power of wind farms during the period
{MW), P,,, is the RMS value of active power of wind farms at period {MW),
P, is active power of wind farms at N sampling points during the period
{MW), Nis the number of sampling points per hour, and K is the shape factor
of wind farms for the period ¢

The curve of the typical daily equivalent output of wind farms for one month
can be acquired by the corrected curve of the typical daily expected output using
the method of 2.2. In the improved method, we replace the original curve of
wind power output to the curve of the typical daily equivalent output of wind
farms, and get the energy loss of a typical day via the power flow calculation, and
estimate the monthly energy loss.

It should be pointed out that the improved method is also suitable for the case

of conventional units and load nodes.
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3.3. The Improved Energy Loss Calculation Procedures

From 2.1 and 2.2 the improved energy loss calculation procedures are shown as
follows:

1) Collect data to acquire the curve of the typical daily expected output of
wind farms for one month and the expectation table of shape factors;

2) Correct the curve of the typical daily expected output of wind farms and
other curves of the load and the generation by the corresponding average elec-
tricity;

3) Get the curve of the typical daily equivalent output of wind farms for one
month by multiplying curve of the typical daily expected output by the corres-
ponding shape factor;

4) Get the energy loss of a typical day via power flow calculation, and estimate

the monthly energy loss of the power system.

4. Case Study

The structure of a 110 kV main network is shown in Figure 2. There are two
power generations. One is named Longkou, which is a conventional power gen-
eration; the other is named Xiangyang, which is a wind farm and also the main
object of this study. There are 5 loads and 4 lines in Figure 2. We study the
monthly energy loss in this network.

Due to data limitations, the collected load data are 1 sampling point per hour.
Because load fluctuation is not violent, it is reasonable to consider that the load
data are 4 sampling points per hour, but the load data per hour are not changed.
To illustrate the error of the original method is large and uncontrollable, two
days of the month are selected as a typical day, named day A and day B. The load
curves of day A and day B are shown in Figures 3-6.

Longkou
Xiangyangl#
. Load 4
Xiangyang
Load 5 XiangyanglO
Xiangyangl10
ChengkaillO

Load 1 Load 2
Load 3

Figure 2. The structure of a 110 kV main network.
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Figure 3. The active load curve of day A.

—¢—_Load 1 Load 2 =#—Lload 3 ==¢=Lload4 -—=Lload5

Figure 4. The reactive load curve of day A.

The collected wind power output data of Xiangyang wind farm are 4 sampling
points per hour. The power flow is calculated 4 times an hour, namely 96 times a
day. The energy loss is accumulated day by day to acquire the monthly energy
loss, which is closest to the actual value. The accumulated energy loss value is set
to be the reference value, and compared with the result of the original method
and the improved method.

The reference value calculated by the power flow is 189.24 MWh.

In the improved method, the curve of the conventional power generation and

the load is also expressed as the curve of the typical daily expected value.
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Figure 5. The active load curve of day B.
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Figure 6. The reactive load curve of day B.

The calculated monthly energy loss in the area is shown in Table 1:

It can be seen from Table 1 that the original method has a large relative error,
and the calculated energy loss is different when choosing different typical days,
indicating that the error of the original method is large and uncontrollable.
When the curve of the typical daily expected output of Xiangyang wind farm is
used, the relative error is reduced to 22.99%, and the relative error is reduced to
9.88% when the curve is corrected to the curve of the typical daily equivalent
output of Xiangyang wind farm. It can be shown that the improved method can

reduce the calculation error of energy loss.
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Table 1. Results of calculation methods.

. The calculated The reference .
calculation methods the relative error
value (MWh) value (MWh)

The original dayA 132.25 189.24 30.13%
method dayB 127.61 189.24 32.56%
The improved expected output 145.73 189.24 22.99%
method equivalent output 170.56 189.24 9.88%

5. Conclusion

In this paper, an improved method of energy loss calculation considering the
volatility of the wind power generation is proposed to accurately calculate the
monthly energy loss in the power system. Traditionally, repeatedly calculating
the power flow for each time periods is undoubtedly an accurate method for the
energy loss calculation. However, it suffers from the heavy computational bur-
den. The proposed method in this paper can only calculate the monthly energy
loss of the power system via the power flow calculation 24 times, which shows
that our method has strong engineering practicability. Additionally, instead of
using the typical day’s pattern, our method obtains an expected daily curve for
selected month, which is also suitable for the case of conventional units and
loads. Therefore, the improved method of energy loss calculation for the power
system in account of the volatility of wind power generation has very important
practical significance.
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