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Analysis of the Effect of Uncertain Renewable
Sources on Static Voltage Stability by Using
NR-Based DSOPF Model with Adapted IEEE-
30 Bus Test System

B. Baydar, H. Gozde, and M.C. Taplamacioglu

Abstract—This study examines the uncertainty effect of
renewable energy resources on the static voltage stability thanks
to modeling a specific area of Turkish electricity network by using
classic IEEE 30-bus test system. For this purpose, the classic IEEE
30-bus test system is adapted to the Turkish electricity network by
using new approach proposed in the study, which is based on the
2015 Turkey real and reactive load curves. In this way, the classic
IEEE 30-bus test system is considered a part of Turkish electricity
network. The analyses are performed on this model using Newton-
Raphson (NR) solution by established three Optimal Power Flow
(OPF) studies: dynamic-OPF study without renewable sources,
dynamic-OPF study with renewable energy sources having
constant power output, Dynamic-Stochastic Optimal Power Flow
(DSOPF) study with uncertain renewable energy sources. To take
into account the uncertainty effects, Weibull Probability
Distribution Function (PDF) using Turkey wind and solar data are
used for each month. At the end of the study, it is observed that
the integration of uncertain renewable energy sources into the
Turkey electricity power system largely decreases both the yearly
total generation cost and the reactive power generation.

Index Terms—Optimal power flow, Renewable energy sources,
Static voltage stability, Uncertainty effect, Weibull probability
distribution function.

I. INTRODUCTION

ENEWABLE ENERGY SOURCES are increasing day by

day the share of world electricity energy production in total
installed capacity. The remaining 100-150 years of life of
fossil-based energy reserves and the serious and now
irreversible damages of climate change and global warming
impacts that our world faces due to their use are compelling
reasons for this increase.
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Additionally, the use of renewable energy sources as much as
possible in electricity generation is also a necessity in terms of
reducing the cost of electricity energy consumption which is
rapidly increasing in parallel with developing technology. In
theory; it is clear that the use of renewable energy sources with
a source nature of almost zero cost instead of relatively costly
power plants such as fossil-fueled natural gas plants that are
commissioned to meet additional demand at peak times in a
continuously changing supply-demand balance will greatly
reduce electricity energy consumption prices. Practically, this
is proved by the countries that increase the use of renewable
energy. For example; It was reported that the price of electricity
in Germany has been about 80 € MWh in peak hours in 2008
and it has been decreased to 38 €/ MWh in 2013 with the
increase in renewable energy plants [1]. In parallel with these
factors, the share of renewable energy sources in the world
electricity energy production was determined as 21% in 2015.
It has been estimated to be around 30% in 2035. In 2016, the
world's net capacity additions obtained from renewable energy
sources was around 66%, while the installed capacities of the
coal and gas power plants declined in the same year [2]. In
terms of net capacity increase, solar energy power plants rose
for the first time in the world with an increase of 75 GW for the
first time [3]. Similarly, the proportion of renewable energy
sources in the net additional capacity in Turkey was 55% in
2016. By the end of 2017, the total installed capacity of
renewable energy plants in Turkey has reached approximately
39 GW [4]. It is planned to increase this power to 60 GW by
2023. In this regard, it is planed that worldwide until 2030,
CO2 emission from fossil-based electricity generation
plants will be reduced by 40% [3].

Whereas; the increase in the proportion of renewable power
plants in total installed capacity brings some problems affecting
the power quality of the countries in the electricity grid and the
interconnected system. It is possible to divide these problems in
general into the problems related to integration and stability. It
can be said that the integration problems are mostly related to
the infrastructure competencies of the distribution and
transmission networks of the countries. For example, the active
and reactive power capacity competencies of the transformer
substations in the distribution network include the basic factors
such as the availability of transformer substations with
sufficient short circuit power capacity in the region according
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to the capacity of the renewable plant to be connected and the
active and reactive power carrying capacities of the respective
transmission lines. The solutions of these problems depend on
the countries' midterm and long-term electricity infrastructure
improvement, renewal and expansion plans. On the other hand,
the stability problems can be caused from both the power
network and the renewable power plant itself. It is clear that the
uncertain nature of the renewable resources is the most effective
reason of these problems. In literature, the uncertainty effect of
the renewable resources to the power network has been
examined so far by using different OPF models. It is known that
the classic OPF analysis provides only instant information
about the power system. To reach the more realistic long-term
results, the analyses are spread periodically throughout months,
years etc. by using dynamic-OPF analysis. In addition, these
long-term dynamic-OPF analyses are improved to the
stochastic-dynamic OPF by taking into account uncertainties of
the process. At the recent ones, Liang et al. presented a wide-
area measurement based DSOPF algorithm using the adaptive
critic design (ACD) technique in 2012 [5]. In 2014, Gill et al.
proposed the dynamic-OPF analysis for active distribution
power system [6]. Two years after, Wei et al. proposed an
integration technique of DG based on stochastic OPF model [7].
At the same year, Sun et al. proposed a DSOPF for wind farms
and EVs integrated power system based on the chance-
constrained programming model [8], then Bai et al. were aimed
to reduce the expected operational cost by using 94 wind power
plants in Texas developed with raw data and using the model to
estimate hourly wind energy outputs for 24 hours [9]. In 2017,
in his doctoral dissertation, Bai utilized a probabilistic forecast
model, dynamic factor model (DFM), to predict wind power.
This work also focuses on the optimization of the system
integrated with wind power and storage devices over 24 hours.
In this doctoral dissertation, has been tested on small, medium
and large power system for OPF (IEEE-30, IEEE-57 and IEEE-
118 buses) and then it was modified and extended to solve a
dynamic optimization problem recursively [10].

This study examines the uncertainty effect of renewable
energy resources on the static voltage stability is examined
thanks to modeling a specific area of Turkish electricity
network by using IEEE 30-bus test system. For this purpose,
IEEE 30-bus test system is adapted to the Turkish electricity
network by using new approach proposed in the study, which is
based on the 2015 Turkey real and reactive load curves obtained
from TEIAS for the year of 2015 for Turkey. In this way, IEEE
30-bus test system is considered a part of Turkish electricity
network. The analyses are performed on this model by
established three OPF studies: dynamic-OPF study without
renewable sources, dynamic-OPF study with renewable energy
sources having constant power output, DSOPF study with
uncertain renewable energy sources. All models have contained
IEEE 30-bus test system arranged monthly in accordance with
these load curves. The behavior of modified IEEE 30-bus
system has been examined only at the first model for being
reference. The renewable power plants have been integrated to
this model in the second one. Finally, the third model has been
composed to include the uncertainty of the renewable resources.
To take into account the uncertainty effects, Weibull probability
distribution function using Turkey wind and solar data are used
for each month.
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This article is organized as follows; the OPF problem and the
new OPF models are summarized in Section Il. Proposed OPF
models are explained in Section Ill. The case studies for
examinations are presented and discussed in Section IV and
they are concluded in the Conclusion section.

Il. OPTIMAL POWER FLOW PROBLEM

The Optimal Power Flow (OPF) was first introduced by
Carpentier in 1962 [11]. It is defined as the production sharing
of optimal power exchange between generators and barriers in
production, without exceeding the physical limits of the
equipment used in the power systems. Actually, OPF is a
nonlinear optimization problem including a flow which must be
optimized, a desired equality, inequality constraint, and a
problem solving method [12, 13]. In other words, the OPF
optimizes a certain the power flow within an electrical power
system without violating power flow restrictions and
operational limits [14, 15]. Conclusively, it maximizes the
energy quality and determines the optimal working condition
for the power system.

The general OPF problem is formulated in Equation 1 [16]:

f(x, u) = 0 — is objective function
g(x, u) = 0 — is equality constraints @
h(x, u) <0 —is inequality constraints

Where:

f(x, u) - is the minimization function to optimize the solution,
g(x, u) - represents the power flow equations,

h(x, u) - represents the power system safety limits,

X, U - are the status and control variables, respectively.

The state variables of the power system are the real output
power of the slack bus, the voltage amplitudes of the load buses
and the reactive output powers of the generator buses as
depicted in Equation (2):

X= [Pslack,VLan] (2)

The control variables include the real output powers of the
generator buses except slack bus, voltage magnitudes of the
generator buses, transformer tap-changes and shunt capacities
as represented in Equation (3):

u=[Pg,Vy,T,Qc] 3

The general cost function Feost in order to minimize the entire
production cost of the power system can be determined as
Equation (4):
NQ
2
Fyakta:Z(ai +p;.P, +7i-Pgi) 4
i=1
Where:
Ng - is the number of generators in the power system,
Pgi - is the real powers of the generators,
ai, i and yi - are the generator fuel cost coefficients.

Finally, the real and reactive power at bus k from the system
can be given as Equation (5) and Equation (6):
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The required limits generator real power, generator reactive
power, bus voltage magnitude, transformer tap-changing value
and shunt capacity can be arranged according to the nature of
the application.

On the other hand the OPF problem has been extended to the
different OPF models according to solution requirements,
especially for renewable energy sources with uncertainty. Some
of them are summarized as follows:

Static OPF: Static OPF model defines the classic OPF
problem. It can only manage a single load level at a certain time
[17].

Dynamic OPF: This OPF model is similar to the static one.
The difference is that the dynamic OPF model covers multiple
time periods [18, 19].

Transient stability-constrained OPF: This problem handles
static and dynamic constraints of the power network
simultaneously during the optimization process [19]. In this
case, the system can withstand serious hazards [20].

Security-constrained OPF: This is another extended version
of the OPF which involves constraints arising from the
operation of the system under a set of postulated contingencies.
SCOPF studies help to overcome when any real contingency
happens by rescheduling / controlling to make sure that system
is within the allowed limits of operation and termed as steady
state security [21].

Deterministic OPF: This derivatization based OPF model
does not take into account the stochastic factors. The
deterministic OPF is a typical short-term decision-making tool
used by a number of utilities and its implementation in this work
aims to give a reasonable benchmark for comparison.
Traditional deterministic OPF models dispatch controllable
generation using the central (most likely) wind forecast, i.e.,
they do not endogenously account for the variability and
uncertainty of wind generation [22].

Stochastic OPF: This type of OPF model takes into account
the uncertainties in the power system parameters [23, 24].
Indeed, uncertainty sees it as part of constraints and objective
models. For this reason, optimization process and final OPF
results may be affected by uncertain factors [25]. These
uncertainties can be changes of the wind for a wind turbine.

Probabilistic OPF: Estimates the probability distribution
functions of dependent variables based on probability
distributions of loads and other indeterminate factors using
Monte Carlo Simulation [26], Cumulant method [27], Point
Estimation Method (PEM) [28], and adapted Gaussian mixture
model [29] uncertain factors do not affect the final results.

AC OPF: The AC OPF model is associated with the AC
power network and is based on the natural power flow
characteristics of the system [30]. As a result, the results
obtained with this type of OPF are more accurate [31].

DC OPF: This type of OPF does not consider reactive power
and transmission losses [30].

Copyright © BAJECE

ISSN: 2147-284X

Mixed AC/DC OPF: Both AC and DC parameters in the
power system are associated with OPF [32].

In this study, the dynamic OPF model and the stochastic OPF
model are combined with each other in order to examine the
effect of uncertain variations at the renewable energy resources
to the static stability of the power system as explained below.
For this purpose, while the dynamic OPF is modeled in a year
period for monthly, the stochastic OPF is modeled with Weibull
PDF of sun radiation and wind variation for each the month.

I1l. PREPARATION OF DSOPF MODEL

The IEEE 30-bus test system is used as an example power
system in this study [33]. To preparation of the combined
DSOPF model, the three regulations explained below have been
performed on the IEEE 30-bus test system. In this way, the three
OPF model are obtained as;

Model-1: Monthly dynamic OPF model for a year on the
IEEE 30-bus test system,

Model-2: Monthly dynamic OPF model for a year on the
IEEE 30-bus test system with static renewable sources,

Model-3: Monthly combined DSOPF model for a year on the
IEEE-30 bus test system with uncertain renewable sources
modeled with Weibull PDF.
After that, the three case studies have been realized using these
three models in order to examine the effect of uncertain
variations at the renewable energy resources to the static
voltage stability of the power system.

3.1 Regulation-I

In this regulation, the standard IEEE 30-bus test system is re-
organized monthly as a dynamic OPF model according to the
real and reactive power load curves of 2015 obtained from the
TEIAS annual sector reports [34]. This load curves are
represented in Fig. 1.

Turkey's monthly real and reactive power consumption peak
values of 2015 obtained from these curves are used to calculate
the monthly values of constant total real and total reactive
powers for the IEEE 30-bus test system as explained below. For
this purpose, the total real and reactive powers of the IEEE 30-
bus test system replaced with the peak values of the curves for
each month.

Real Power

Real Power'(Month) = % x Peak;pggso (8)
Reactive
Reactive Power' (Month) = % x Peak;gggso (9)

Sampling for real and reactive power for January, it will
be as follows;

6328,2 MW

256,7 MW = x 283,4 MW
6984,2 MW
256,7 MVar = 2222MVar \ 126,2 MVar
14009 MVar
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Fig.1. Turkey real and reactive power load curves for the year of 2015 [34]

After that, the load sharing for each bus in the IEEE 30-bus
system represented as A can be computed with the equations

below;
A = Demand in bus—n (Real or Reactive)

(10)

Peak (Real or Reactive)

(11)

Real power(each month and bus) = Monthly Real Power x A

Sampling for the 2" bus for January;

21,7 MW
283,4 MW

0,07657 =

19,66 MW = 256,7 MW x 0,07657

The load curves of the monthly total real and reactive powers
for the Model-1 is represented in Fig. 2 and Fig. 3;
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Fig.2. Monthly total real power load curve for Model-1
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Fig.3. Monthly total reactive power load curve for Model-1.

3.2 Regulation-II

The renewable energy sources are integrated into Model-1 in
the rate of 48% of total capacity by modifying the bus-5 and
bus-11 as the wind power plants and bus-13 as the solar power
plants in IEEE 30-bus standard test system. The single-line
diagram of the modified IEEE 30-bus system for Model-2 (also
for Model-3) and new generation capacities of the power plants
are represented in Fig. 4 and Table 1.

TABLE |
GENERATION CAPACITIES OF THE MODEL-2 [35]
Bus No Plant Type Generation Capacity, [MW]
1 Thermal 99.248
2 Thermal 80.000
5 Wind 75.000
8 Thermal 20.000
11 Wind 60.000
13 Solar 50.000

Copyright © BAJECE

After this modification, the new load curves as a dynamic OPF
model are computed as similar to the Regulation-1.

Fig.4. Modified IEEE 30-bus system for Model-2 and Model-3

3.3 Regulation-I11

This regulation is realized to compose Model-3. In this
regulation, dynamic and stochastic OPF models are combined
with each other as DSOPF in order to examine the uncertainty
of the renewable energy resources integrated to the Model-2.
The stochastic OPF model is achieved by using Weibull PDF to
model the monthly variations of the wind speed and the sun
radiation as explained below.

3.3.1 Modelling wind speed uncertainty

To modeling wind speed uncertainty, it is assumed in
accordance with the IEEE 30-bus standard test system layout
that the two wind power plants at the bus-5 and bus-11 powered
75 MW and 50 MW, respectively has been installed in Amasra
county of Bartin in Turkey. The chosen values of air density (p
= 1,211 kg/m®), scale factor k and shape factor ¢ for Amasra
region and the computed values below are represented in Table
2 [36]. The gamma function is used to find the average wind
speeds (Vm) for each month. Gamma function is represented in
Equation (12).

Vo =c.T (<) (12)

TABLE II
k AND ¢ COEFFICIENTS AND COMPUTED RESULTS OF WEIBULL
PDF FOR EACH MONTH

Amasra Region (p=1,211 kg/m?)

v Pow_er

Months k c [m?é] fw Fu density,

[W/m?]
January 1,48 | 8,63 7,8037 0,0690 | 0,5775 | 287,7522
February | 1,50 | 8,22 7,4206 0,0735 | 0,5759 | 247,4146
March 154 | 9,81 8,8292 0,0634 | 0,5727 | 416,7502
April 1,39 | 7,79 7,1081 0,0714 | 0,5854 217,4564
May 1,40 | 5,56 5,0675 0,1008 | 0,5845 78,7951
June 1,40 | 6,10 5,5597 0,0919 | 0,5845 | 104,0553
July 130 | 7,41 6,8437 0,0695 | 0,5942 | 194,0831
August 1,49 | 6,53 5,8998 0,0919 | 0,5767 | 124,3425
September | 1,82 | 7,11 6,3196 0,1037 | 0,5538 | 152,8187
October 1,59 | 8,97 8,0470 0,0717 | 0,5689 | 315,5100
November | 1,63 | 7,16 6,4090 0,0921 | 0,5660 | 159,3960
December | 1,94 | 9,57 8,4869 0,0820 | 0,5471 | 370,1391
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The monthly Weibull PDFs of the wind speed for 0-40 m/s
range can be computed by using equation (13). The monthly
Weibull PDFs are depicted in Fig. 5.

Probability Density
014

0,12 /\

o 10 />X\

0,08

Wind
0,00 = Speed

0 5 10 15 20 25 30 35 40 (m/s)
January February ———March May

April June

Tuly

August September October ——November December

Fig.5. The monthly Weibull PDFs for Model-3

for= (). L)

c

(13)

Then, the cumulative Weibull PDFs for each month which give
the probability of being less than or equal to the average speed
of that month is computed as below;

E,(v)=1- e<_(2)k)

ENERCON E-115 E-2 model 3,200 kW wind turbine is
selected for this study. The cut-in speed v;, rated speed v, and
cut-out speed v, for the turbine are given in Table 3. The turbine
output power according to the speeds are calculated and
presented at the same table.

(14)

0, vV, V>,
p=5 Pr (ﬂ) vi<v<u, (15)
vr—vi
Dy v, SV S v
TABLE I1I

THE CUT-IN SPEED V;, RATED SPEED Vg , AND CUT-OUT SPEED Vo
FOR THE TURBINE

Months | 1o | pig | el | [ [P|\7/|5 W [PI\G/(I) W]
January | 7,8087 | 2,0000 | 11,0000 | 25,0000 | 48,3643 | 38,6914
February | 7,4206 | 2,0000 | 11,0000 | 25,0000 | 45,1714 | 36,1371
March | 8,8292 | 2,0000 | 11,0000 | 25,0000 | 56,9009 | 45,5279
April | 71081 | 2,0000 | 11,0000 | 25,0000 | 42,5674 | 34,0539
May | 50675 | 2,0000 | 11,0000 | 25,0000 | 25,5626 | 20,4501
June | 55597 | 2,0000 | 11,0000 | 25,0000 | 29,6640 | 23,7312
July | 6,8437 | 2,0000 | 11,0000 | 25,0000 | 40,3642 | 32,2914
August | 5:8998 | 2,0000 | 11,0000 | 25,0000 | 32,4981 | 25,9985
September | 6,3196 | 2,0000 | 11,0000 | 25,0000 | 359964 | 28,7971
October | 80470 | 2,0000 | 11,0000 | 25,0000 | 50,3915 | 40,3132
November | 6,4090 | 2,0000 | 11,0000 | 25,0000 | 36,7414 | 29,3951
December | 8,4869 | 2,0000 | 11,0000 | 25,0000 | 54,0577 | 43,2462

3.3.2 Modelling solar radiation uncertainty

To modeling solar radiation uncertainty, it is assumed in
accordance with the IEEE 30-bus standard test system layout
that the solar power plants at the bus-13 powered 50 MW has
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been installed in Ankara region in Turkey. The model of the
solar power plant can be obtained with the direct normal
radiation values calculated for this region. For this region, DNI
(Direct Normal Irradiation) values depicted in Fig. 6 which are
directly calculated instead of the k and ¢ parameters are used
[36].

DNIaverage
1400
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80O
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400

HB89 167 1350

105291
848,333
. )
639,375 679,500

175,208

200 341,708 376,042
o

Janvary February March  April May June July August September October November December

Fig.6. Average monthly DNI values for Ankara region [34]

The AXITECAC 320P/156-72S model solar panels are selected
for this study. The PV panel output power according to the
amount of solar radiation is calculated as below [34]. These
values are shown in Table 4 for each month.

PST(#) 0<G<R,

Py (G) = G (16)
Py (=) G > Re
Gsta
Where:
G - is solar irradiance forecast
G - is standard irradiation [1000 W/m?]
R. - is a certain irradiation point set to 150 W/m?
P - is rated equivalent power output of the PV system
TABLE IV
MONTHLY FRACTION OF DNI VALUES FOR ANKARA REGION
Ankara | e | wimd | i | ]
January | 341,7083 1000 150 17,0854
February | 475,2083 1000 150 23,7604
March 639,3750 1000 150 31,9688
April 679,5000 1000 150 33,9750
May 767,6667 1000 150 38,3833
June 848,3333 1000 150 42,4167
July 1052,9167 1000 150 52,6458
August | 1189,1667 1000 150 59,4583
September | 1136,0000 1000 150 56,8000
October | 787,2917 1000 150 39,3646
November | 635,8333 1000 150 31,7917
December | 376,0417 1000 150 18,8021

IV. PROPOSED OPF STUDIES

To examine the uncertainty effect of the renewable energy
sources added to the IEEE 30-bus system in according to
regulations considered before, three cases are performed by
using model-1, model-2 and model-3. All OPF problems have
been solved by Newton-Raphson solution method on MATLAB
environment.

4.1 Case-l:
In this case, the dynamic OPF model is applied to the IEEE 30-
bus test system and only the monthly real and reactive powers
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are changed in each bus. All of the plants are considered thermal
power plants.

TABLEV
THE RESULTS OF CASE-I
Total Total Sta.nd.?rd Sta.nd:?lrd
. . Deviations Deviations
Active Reactive Cost,

of the of the
Power, Power, [$/h] Voltage Phase
[Mw] [MVAR] Magnitudes Angles
January 264,705 74,061 707,06 0,0165 2,8423
February 237,329 55,944 618,91 0,0157 2,5157
March 264,655 62,518 706,86 0,0157 2,8459
April 238,057 14,541 620,90 0,0150 2,5546
May 247,794 37,770 651,80 0,0144 2,6623
June 244,489 49,137 641,32 0,0157 2,6120
July 276,258 68,104 745,72 0,0165 2,9705
August 292,744 68,673 802,05 0,0166 3,1368
September 252,797 39,803 667,93 0,0145 2,7230
October 246,397 29,969 647,30 0,0146 2,6509
November 250,189 51,146 659,56 0,0158 3,0806
December 281,535 91,767 763,63 0,0176 3,0154
3096,95 643,43 8233,04 0,0157 2,8000

(total) (total) (total) (average) (average)

4.2 Case-llI:

In this case, the dynamic OPF model is applied to the IEEE 30-
bus test system with the renewable energy sources which have
the constant outputs. In this model, bus-5 and bus-1 considered
wind power plants whose capacities are 75 MW and 60 MW,
respectively. Also, bus-13 is considered 50 MW solar power
plant. The other generation buses are considered same as the
standard IEEE 30-bus test system. The results obtained by using
model-2 are represented in Table 6.

The results are computed monthly for each bus with dynamic
OPF model which have renewable power plants having
constant power outputs. The coefficients of the quadratic cost
function presented in equation (4) are taken zero for the
renewable energy sources at this case study since there are no
or close to zero fuel costs for renewable power plants in actual
in steady-state. For this reason, the costs are computed quite
small than the standard ones. The voltage magnitudes and their
phase angles for each month are also represented with standard
deviations. At the end of the table, the average values are
presented. The graphics of these values are depicted in Fig. 10,
11 and 12.

The results obtained by using model-1 are represented in Table
5. The fuel costs, the voltage magnitudes and the phase angles
of the voltages are computed monthly for each bus with
dynamic OPF model. However, the voltage magnitudes and
their phase angles for each month are represented by computing
their standard deviations. At the end of the table, the average
values are presented. On the other hand, these values are
represented graphically in Fig. 7, 8 and 9.
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Fig.8. Monthly standard derivations of the voltage magnitudes for case-I
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Fig.9. Monthly standard derivations of the voltage angles for case-I
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TABLE VI
THE RESULTS OF CASE-II

Total Total Stapdfard Staf‘d‘f“d

- . Deviations | Deviations
Months Active Reactive Cost, of The of The
Power, Power, [$/h] Voltage Phase
[MW] | [MVAR] Magnitudes Angles
January | 258,900 | 43,282 170,45 0,0169 2,3862
February | 232,687 38,735 111,97 0,0160 2,2954
March 258,846 | 36,515 170,33 0,0164 2,3861
April 233,233 | 34,088 113,14 0,0127 2,3365
May 242,556 | 35,622 133,39 0,0134 2,3535
June 239,352 38,179 126,35 0,0146 2,3099
July 270,123 | 37,734 197,07 0,0168 2,4440
August 286,258 | 35,373 236,98 0,0170 2,5409
September | 247,350 | 31,234 144,05 0,0146 2,3371
October | 241,213 | 31,387 130,43 0,0135 2,3497
November | 244,801 38,089 138,36 0,0147 2,3276
December | 275,275 | 50,534 209,60 0,0180 2,4719
3030,59 | 450,77 1882,12 0,0153 2,3782

(total) (total) (total) (average) (average)
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Fig.10. Monthly cost values for case-11
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Fig.11. Monthly standard derivations of the voltage magnitudes for case-I|
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Fig.12. Monthly standard derivations of the voltage angles for case-Il

4.3 Case-l11lI:

In this case, the dynamic-stochastic OPF model is applied. In
this model, all renewable energy sources have uncertainties
modeled with Weibull PDFs for each month. The other
generation buses are considered same as the standard IEEE 30-
bus test system. The results obtained from model-3 are
represented in Table 7.

The results are computed monthly for each bus with
dynamic-stochastic OPF model which have renewable power
plants having uncertainties. The coefficients of the quadratic
cost function are also taken zero for the renewable energy
sources at this case study since there are no or close to zero fuel
costs for renewable power plants in actual in steady-state. But,
the costs computed are closer to the real values. The graphic
results are also depicted in Fig. 13, 14 and 15.

TABLE VII
THE RESULTS OF CASE-III

Total Total Stahd?rd Stahd?rd

Active | Reactive Cost, Deviations | Deviations
Months of The of The
Power, Power, [$/n] Voltage Phase
[MW] | [MVAR] Magnitudes Angles
January | 261,531 | 30,324 391,00 0,0166 2,2085
February | 234,334 | 30,590 310,88 0,0158 2,0345
March 260,239 | 32,257 309,64 0,0162 2,2221
April 234,870 | 10,040 297,27 0,0148 1,9913
May 246,309 | 17,278 404,46 0,0158 2,1926
June 242,333 | 23,650 359,31 0,0158 2,0884
July 272,714 | 31,995 361,85 0,0168 2,3395
August 290,196 | 30,820 435,72 0,0171 2,3453
September | 249,556 | 23,018 307,25 0,0145 2,1770
October | 242,360 | 20,041 265,36 0,0146 2,0449
November | 247,604 | 25,265 368,38 0,0159 2,1500
December | 277,794 | 48,549 403,73 0,0176 2,2719
3059,84 | 323,83 | 4214,85 0,0159 2,1721

(total) (total) (total) (average) (average)
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Fig.13. Monthly cost values for case-111
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Fig.15. Monthly standard derivations of the voltage angles for case-Il|

V. RESULTS AND DISCUSSION

At the end of the studies, the monthly standard deviations of the
voltage magnitudes are specified in Fig. 16. It is observed from
the figure that while the voltage magnitudes relatively decrease
for some months of Model-2, the values computed at Model-3
is almost the same as the Model-1 which is assumed as a
reference. It can be seen that these decreases in Model-2 are
caused from inadequacy of the reactive powers supplied to the
network by the entire power plants at April and October as
observed from Table 6, since the renewable power plants have
been taken constant capacities in this model.

Voltage Magnitude(Std. Dev.)
0,019 —

0018
001

—+—Model 1

0016
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0015

0.014
Model 3
0.013

anias of 00146

0,012 1 =
Jauary  Febrary  March  Apri May June Augus

Fig.16. Monthly standard derivations of the voltage magnitudes case-I-11-111

ember October  November December

On the other hand, the results are obtained relatively better in
Model-3 according to the Model-1 for some months such as
March, May and August, since the reactive power support of
the power plants to the consumers increase in these months as
seen from the tables as well.

20419

Jamuary  February  March April May

mber  October  November Dec

Fig.17. Monthly standard derlvatlons of the voltage angles for case I 1-111

Also, it is seen from the Fig. 17 that the phase angles of the bus
voltages decrease in general and they have been more stable
when the renewable power plants are integrated to the power
system. When the monthly costs are examined, it is normally
seen that the costs obtained from Model-1 which involved only
IEEE 30-bus system are bigger than the other models which
include renewable energy sources. Its maximum and minimum
values are computed as 802.05 $/h and 618.91 $/h, respectively.
At Model-2, the maximum and minimum values are computed
as 236.98 $/h and 111.97 $/h, respectively. They are relatively
very small compared to the values obtained from Model-1,
since the «,f3, y coefficients of the cost function are assumed
zero for renewable energy sources. These results are not
realistic, but they are computed in order to be able to notice the
change in Model-3 in this study. They directly follow the load
curve, as similar to the Model-1. On the other hand, when the
uncertainties are added to the renewable energy sources by
using Weibull PDFs in Model-3, the generation costs are
obtained more realistic. At this study, their maximum and
minimum values are computed as 435.72 $/h and 264.36 $/h,
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respectively. From these results summarized in Table 8, it can
be clearly seen that the electric energy generation costs are
decreased almost in a half, although both the total active power
generation is nearly the same and the voltage and the phase
angles are keep their stabilities. In addition, it is provided that
the reactive power generation also decreases almost in a half as

well in this circumstance.
r;: lg Maodel 3

Cost(€/h)
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s00
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700
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Fig.18. Monthly cost values‘for case-1-11-111
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Fig.19. Graphical comparison of the entire results

As a result, the proposed DSOPF analysis which takes into
account the uncertainty effects of renewable energy resources
as well, clearly shows with the example study that the
contribution of integrating the renewable power plants into the
power system which includes classic thermal power plants are
in important level.

TABLE VIII
COMPARISON OF THE RESULTS OF CASE-I-1I-I11
Average Average
of of
TOt.aI TOt"’}I Total Standard Standard
Active Reactive - L
Costs, Deviations Deviations
Powers, Powers, h fth fth
[MW] [MVAR] [$/h] of the of the
Voltage Phase
Magnitudes Angles
Case-1 3096,95 643,43 8233,04 0,0157 2,8000
Case-2 3030,59 450,77 1882,12 0,0153 2,3782
Case-3 3059,84 323,83 4214,85 0,0159 2,1721

VI. CONCLUSION

The effect of uncertain renewable energy sources integrated
into a specific area of Turkey electricity power system on the
static voltage stability is simulated by using DSOPF analysis in
this study. DSOPF analyses combined Weibull PDF throughout
a year is chosen in order to taking into account uncertainty
effect of the renewable energy resources. Also, the IEEE 30-
bus system is adapted with the method proposed in the study to
the Turkish electricity system by using 2015 Turkey real and
reactive load curves, as different from the literature. The
analyses are performed on three models for comparison with
each other. At the end of the proposed study, it is observed that
the integration of realistic renewable energy sources with
uncertainty into the Turkey electricity power system decreases
approximately 50% both the yearly total generation cost and the
reactive power generation, without changing the current active
power generation. In this condition, it can be said that the static
voltage stability of the power system is became more stable due
to increase the reactive power margin.
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