PressAcademia Procedia - (PAP), ISSN: 2459-0762

PressAcademia
L 7

PressAcademia Procedia |
1SSN: 24590762

Frac s ) Press Academia

PressAcademia

v Procedia

2nd World Conference on Technology, Innovation and Entrepreneurship
May 12- 14, 2017, Istanbul, Turkey. Edited by Sefer Sener

P —

BLACKOUT AND BLACKSTART ON POWER SYSTEMS

DOI: 10.17261/Pressacademia.2017.589
PAP-WCTIE-V.5-2017(27)-p.190-197

Cihan Ayhancil, Beyazit Yasar Yoldas?, Bedri Kekezoglu3

! Yildiz Technical University, Department of Electrical Engineering, Istanbul, TURKEY, cihanayhanci20@gmail.com
“Turkish Electricity Transmission Company, Istanbul, TURKEY, yasarbeyaz@gmail.com

3 Yildiz Technical University, Department of Electrical Engineering, Istanbul, TURKEY, bkekez@yildiz.edu.tr

ABSTRACT

Power systems are complex structures that energy production, transmission and consumption units. There are various reasons for energy
interruptions on these systems. Power outage on the power system can lead to partial or complete loss of the network. Energy
interruptions in large regions cause significant economic losses and precautions must be taken in this regard. In this study, Blackout
situations in power systems were analyzed. Within the scope of the study, important Blackout situations encountered around the world
have been examined. Blackout causes are listed and interpreted in power systems in the light of experienced events. Precautions have
been put forward in order to avoid blackout situations. In addition, the effects of blackstart-equipped power plants on the recovery of the
network have been examined.
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1. INTRODUCTION

One of the basic needs of human beings is electricity energy at nowadays. Everything from our life is utilized by electricity
energy, from health to transportation, from fun to traffic (Pakize C., 2011). As a result, social and economic influences are
inevitable in a interruption situation.

On energy systems that enable energy to reach consumers without problems in normal operating conditions, energy
interruptions can occur due to disturbing currents (Zeng B., 2015). Especially when the power system, which is defined as
power grid collapse, is partially or completely out of order, it is the most negative situation for power system operators. In
the literature, blackout situations that can occur on power systems have been examined in detail. In one part of the studies
done, the blakouts that have taken place on the world and have been realized so far have been examined and their causes
and results have been questioned (Olga P, 2016), (Ji-Jlen W, 2007), (ENTSOE, 2015), (UCTE, 2004), (Hordeski M., 2005),
(Hines P., 2009). Restoration of the power grid after blackout occurred on the system is considered as an important issue
(Kurup S., 2015), (En L., 2015), (Ketabi A., 2001), (Ancona J.J., 1995). The use of different energy sources for network
restoration and the use of the micro,grid concept to eliminate blackouts has also been a major research topic (Gencheva R.,
2015), (Castillo A., 2013), (Clean Technica, 2016).

In this study, blackout situations which can occur on power systems are defined, causes and results are examined. Some of
the major blackouts on the world and in Turkey are presented. The use of production systems with blackstart for the
restoration of the network has been investigated. The qualities to be found in the systems with blackstart feature are listed
and their advantages are presented.

The rest of the work continues as follows. In section 2, informations about electricity networks and structures were made
and power grid collapses were examined. Section 3 discusses the work done to restore power grid and the blackstart
feature. Work with Section 4 has been terminated.

DOI: 10.17261/Pressacademia.2017.589 190 PressAcademia Procedia


mailto:cihanayhanci20@gmail.com
mailto:yasarbeyaz@gmail.com
mailto:bkekez@yildiz.edu.tr

2nd World Conference on Technology, Innovation and Entrepreneurship (WCTIE-2017), V.5-p.190-197 Ayhanci, et al.

2. VOLTAGE COLLAPSE ON ENERGY SYSTEMS

Energy systems are the sum of equipment operated in coordination with each other. The goal of the energy system to
operate smoothly is to ensure that energy is delivered to the consumer in an uninterrupted form. However, in some cases,
all or partial of the system may be out of order. Voltage collapse also known as out of order of the system can occur under
conditions of faults, overload, imbalance, inadequate reactive power support, and etc. (Ji-Jen W., 2007).

2.1. Electric Power Systems

Electric power systems are a integrated system that is built to deliver generated electricity to consumers. Basically, the
power systems examined in three parts namely production systems, transmission systems and distribution systems, are
shown in Figure 1 with their most basic form. Electric energy obtained by using different sources on a power system is
transmitted to consumption points with high voltage lines as high as possible and delivered to consumers at the required
voltage level.

Figure 1. Structure of the Electric Power Grid (MBizon, 2010)
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The continuous delivery of electricity to the user is directly related to the reliability of the system. Reliability can be
improved by essential maintenance on the power systems, operating the system on optimal conditions, and expanding or
renewing the system when the system is insufficient. On the other hand, partial out of service conditions may occur on the
system, which in turn brings significant economic losses.

2.2. Blackout of Electric Power Grid

Electric power grid serves as a bridge between energy production plants and consumers. Energy supply-demand balance
problems can ocur in time. These problems can cause the voltage and frequency of the power grid to increase or decrease.
As a result of these occuring distortions, the power system is causing the power generation plants to be out of order
through the protection relays. As a result, the synchronization in the power grid is starting to finish and the system is
partially or completely collapsed. In other words, if the nominal frequency and voltage values of the system can not be
nominal, the blackout of the system is inevitable (Zeng B., 2014).

Firstly, the preconditioning of the system must be investigated before the destructive effect, and the event that initiates the
collapse should be investigated. The cascade events that come along with this event are the trigger of the collapse. If the
system can not be intervened, the entire power grid can be lost. The first thing to do in the last phase of the collapse of the
power grid is to initiate the restoration process (Yvon B.,2013). Phases of power grid collapse are shown in Figure 2.
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Figure 2: The Phase of the Collapse of the Power Grid (Yvon B., 2013)
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2.2.1. General Reasons for Power Grid Collapses

The collapses that occur in power systems arise due to five main factors in terms of system engineering (Yvon B., 2013).
These are;

= Voltage loss

=  Frequency loss

=  Phase angle imbalance

= Production - consumption imbalance
= Synchronization loss

can be sorted as. The factors listed above do not occur under normal operating conditions. On the other hand, it can
happen to collapse on the power grid with the effect of disruptive events that can occur inside or outside the system. The
main disruptive effects that may cause blackouts on the system are listed below (Pakize C., 2011) :

= Qverloading of the equipment used on the system
=  Meteorological conditions

= Power system faults

= Fire, flood, earthquake etc. natural events

= Operation mistakes

=  Wrong protection

= Sabotage, cyber attack, etc. situations

= |nsufficient knowledge and experience

2.2.2. General Results of Power Grid Collapses

In the case of loss of energy in power systems or inability to reach consumers, both social and economic effects arise. In
social terms, the problems that consumers may encounter are listed below:

- Health, education, transportation etc. services interruption

=  Traffic problems beginng

= Lighting problems and related problems

=  Communication network weakening

=  Problems related to the inability to use electrical household equipment

In addition to all these, there are significant economic impacts due to the halt of production units, the failure of financial
institutions, and the loss of industrial facilities.

2.2.3. Major Blackouts Occured on The World and Turkey

Blackout events can occur on power systems due to different reasons. Examples of headlines from the main blackout event
on Earth are shown in Table 1 (Zeng B., 2015), (Yvon B., 2013), (ENTSOE, 2015), (UCTE, 2004), (UCTE, 2006).

Considering the interruptions that are taking place on the world, it is seen that 670 million subscribers in India in 2012 have
been left without energy. In the case of Blackout in the Pakistani energy system, there are 160 million subscribers. In
general, the duration of interruption varies between 5 and 10 hours. However, after the Blackout in Canada in 2003, the
system recovered 192 hours of complete recovery (Olga P. V., 2016).
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When the causes of the blackout events shown in Table 1 are examined, it is seen that there are interruptions due to
overloading and heating problems especially in eastern countries. Besides these, operator errors, inadequate protection
system, meteorological conditions and failures arise as other causes of blackout.

Table 2 presents the main blackout events and details seen in Turkey from 1999 to the present day. Table 2 shows that
blackout events are caused by disasters, meteorological events and system operation problems. When the details of the
Blackout incidents were examined, it was seen that in 1999 and 2016, the direct transmission system was interrupted as a
result of the damage directly. The energy transmission lines were damaged due to the earthquake in 1999, and in 2016,
demolition occurred in the poles due to excessive ice load (enerji.gov.tr, 2016). The beginning of the event in 2015 is
emerging as a operation problem. During the event, production is concentrated in one region and consumption in another
region. However, the energy system has been divided into two, the frequency drop in one part and the collapse in the other
part due to the frequency increase (ENTSOE, 2015).

Table 1: Major Blackout Incidents on the World

Date | Country Date | Country
1 11.9.65 | Northeast of US 24 12.1.98  San Francisco and California, US
2 5.1.77 . Miami, US 25 7.1.99 | New York City, US
3 7.1.77 . New York City, US 26 . 3.11.99 : Brazilian power system
4 12.19.78 | France 27 1.2.01 : India
5 1.1.81 : Idaho, Utah and Wyoming, US 28 1.12.03 | Croatia and Bosnia Herzegovina
6 3.1.82  Oregon, United States 29 3.31.03:lIran
7 12.27.83 | Sweden 30 8.14.03  Northeast of US and Canada
8 7.23.87 : Japan 31 8.28.03: South London
9 1.12.87 | Western France 32 9.5.03 | The West Midlands, UK
10 3.13.89 : Qubec, Canada 33 9.23.03 . Eastern Denmark and Sweden
11 8.24.94 | Italy 34 9.28.03 : Italian power system
12 12.14.94 | Arizona and Washington, US 35: 11.7.03 : Most of Chile
13 1.17.95 | Japan 36 7.12.04 : The Athens and Southern Greece
14 6.8.95 : Israel 37 . 3.14.05  Queensland, South Australia
15 3.12.96 : Florida, US 38 5.25.05 Moscow, Russia
16 4.16.96 : Southwestern of US 39 9.24.06 : Pakistan
17 7.2.96 | 14 states in the US 40 11.4.06 : European power system
18 8.7.96 : Big Rivers Electric Corporation, US 41 4.26.07 : Colombia
19 8.10.96 : California Pacific Northwest, US 42 2.26.08 : Florida, US
20 8.26.96 : New York City, US 43 2.4.11 | Brazilian power system
21 9.21.96 : Allegheny Power System, US 44 9.8.11 | Arizona and Baja California, US
22 10.30.96 | New York City, US 45 7.31.12 | India
23 1.1.98 | Canada, New York, New England

Each blackout event on the Turkish power system has been examined in detail and future projections have been established
depending on the reasons. In this context, additional supply scenarios were developed, load and reserve power
management were updated, necessary renewals were made in the energy system.
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Table 2: Main Blackout Incidents in Turkey

(03:02)

Marmara Region

(Earthquake)

continued until the evening
of August 18th.

Date Initiating Point Reason Restoration Time Result
The full restoration with
August 17, 1999 Natural disaster regional restoration 62 milyon kisi

elektriksiz kalmustir.

January 14, 2012
(13:43)

Marmara Region
(Bursa)

Bursa Natural Gas
Combined Cycle
Power Plant's fall
in natural gas
pipeline due to
cold weather

From 14:15 hours, electricity
was supplied to Edirne,
Tekirdag and Kirklareli in
Trakya region. As of 16:30
hours, 80% of the
interruption was eliminated
and 90% of the interruption
was eliminated by 19:00
hours. At 19:15 the operation
of the system returned to
normal operation condition.

Istanbul, Sakarya,
Kocaeli, Tekirdag,
Kirklareli and
Edirne, more than
20 million people
living in electricity
without electricity.

March 31, 2015
(09:36)

Osmanca — Kursunlu
energy transmission
lines

Out-of-service
Osmanca,Kursunlu
energy
transmission lines
carrying 1127 MW
/1237 MVA
because of
overload

As of 11:30 am, the Black Sea
and the Eastern Anatolia
Region were synchronized.
At 16:12, the entire system
was restored.

The entire power
grid is left without
energy.

December 29,
2016
(14:20)

Istanbul

Seven different
energy
transmission lines
feeding Istanbul
have been
affected by ice
loads and storms

At 21:50, electricity could be
supplied to the whole of
Istanbul

Iron and steel
factories and
cement factories
have not provided
electricity to the
organized industrial
zones and the
demand has been
minimized with
partial interruptions
in the districts.

2.2.4. Solution Suggestions for the Prevention of Power Grid Blackouts

Electricity that is uninterrupted and reliable is so important for consumers. It is imperative to take some precautions not to
cause any interruption in the power system. The following measures can be taken to prevent possible collapses in the

system:

= Strategies for load management and risk factors should be identified
= Operators must be trained and informed
=  The equipment used on the system must be regularly checked

= System should be developed depending on increasing supply and demand
= Necessary precautions should be taken for extreme weather conditions

= Security measures should be taken against sabotages and cyber attacks that may occur in the system.

3. RESTORATION OF ELECTRIC POWER GRID

In some cases, the operating conditions of the power system may be broke down. This distortion can cause the power
system to collapse or break down. Once such disturbances have occurred, the power should be returned to normal
operating conditions as soon as possible (Sreeram R. K., 2015). Hence, it is imperative that the network restoration program
of each transmission system operating institution (NERC, 2015). Evaluation of restoration process consists of preparation of
subsystems and establishment of target systems. The most important issue in the restoration process is that the evaluation
is done carefully and the correct decisions are taken. A delay or wrong decision at the time of the determination causes
very serious economic loss in the system.
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The operating conditions in the restoration process differ from the work performed under normal operating conditions.
There are some technical issues to consider during restoration conditions. These are the protection of the voltage and
frequency values in the system, reactive power control, production and load balancing, energizing the units that need to be
energized first, communication and coordination of production operators and operation operators that control the system
are required. Another important issue in the restoration process is the creation of controlled islands around the units with
blackstart features. With the aid of these islands, the system must be energized step by step and controlled to feed the
loads.

It is a very important issue to reduce the recovery period to a minimum during the restoration of the electricity grid. Load
distribution centers, transformer centers and operators in power plants should be in very good coordination during the
restoration.

As a result of the partial collapse of the electricity network, the production units that have been disabled are energized by
utilizing the neighboring systems. However, as a result of the complete system collapse, the system will be energized with
blackstart-enabled power generation units.

3.1. Introduce of the Blackstart Feature of Power Plants

Blackstart is a feature that allows a production unit or station to switch from a blackout condition to an operating state that
provides electrical energy without the help of an electrical grid (Wikipedia, 2014). In normal operating conditions, the
electricity used in the power plant is supplied by the production units in the power plant. If all the main production units of
the power plant are off, the electricity required by the plant is provided by the energy transmission lines connected to the
transmission line of the power plant. If the power grid is blackout completely, the electricity grid is also de-energized. A
power generation unit with a blackstart feature is required to return the electrical grid to normal conditions. Some
blackstart generators are available to provide blackstart for power plant (Few MW capacities). These generators are used to
start large power units. This process enables the entire plant to be energized and energize to the power grid (Agrawal V.,
2010).

Nuclear and thermal power plant units must have a ratio of 7% to 8% of their energy production capacity to energize units
with blackstart capability. Power capacity of hydroelectric power plants should be between 0.5% and 1% while the energy
production capacity should be between 1.5% and 2% on natural gas power plants (The National Grid, 2001).

3.2. Energy Production Units Used to Provide Black Start

Generally, hydroelectric power plants are designated as blackstart sources for energizing grid connections because of the
hydroelectric power plant needs very little energy to start. Therefore it is most common to use as a blackstart source
(Wikipedia, 2014).

Providing blackstart capacity is not economical to create a large standby capacity in fossil fueled power plants because the
equipment has a high internal energy requirement. However, generator sets with the blackstart feature are produced
nowadays. Together with the hydroelectric units, diesel generator sets, gas turbine generator sets and gas turbines of large
dimensions can be used as a blackstart source (The National Grid, 2001).

In February 2016, a Berlin-based company explained that a battery park with a capacity of 5 MW would be integrated with
renewable energy sources and used as a blackstart source. It is announced that the project will last three year (Rob
Compton, 2016).

3.3. System Energization with Blackstart Featured Power Plants

Blackouts in energy system are rare, but sometimes they can occur. As a result of the blackout of the energy system, the
power plants are completely without energy. In this case, generators with the BlackStart feature should be fed primarily
with external support units so that the system returns to the normal conditions again. Then the other units of the power
plant are energized. Next, out of ordered energy transmission lines in the energized state are also energized. Then the base
load plants are energized. Then, other power plants should be stepped in. Then, other power plants should take part step
by step on power grid.
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Figure 3: Energizing the Power Grid with the Blackstart Feature
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4. CONCLUSION

Electric energy is utilized at every point of our daily life. As a result, interruptions that may occur on the power grid lead to
significant loss. In this respect, blackouts which cause the network to be partially or completely out of service, need to be
analyzed in detail.

In this study, the blackout situations that can occur on the electric networks have been examined. The important blackouts
encountered on the world and Turkey have been taken into consideration and their causes and results have been analyzed.
Measures to be taken to avoid blackout situations have been put forward. In addition to this, the effects of the blackstart
stations on the power grid on the recovery of the power grid have been examined.

Considering this study, it has been observed that the use of different energy sources on the power grid both reduces
blackout risk and contributes to power grid restoration by blackstart feature.
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