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Abstract: The article discusses issues related to ensuring secure operation of the Natio-
nal Power System. The tasks of transmission system operators in that scope were
presented and the power demand of the Polish National Power System on critical days in
terms of power generation and demand was characterized. The article also presents the
causes and course of events which took place in August 2015 when there was a critical
imbalance in the Polish National Power System leading to the introduction of limitations.
Then, the possibilities and types of costs connected with the possibilities of balancing the
system in the periods of peak loads were characterized. The summary of the article
contains the presentation of conclusions related to power balancing in the power system
and reduction of related costs.
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1. Tasks of transmission system operators in the scope of power balancing

One of the basic tasks of transmission system operators (TSOs) is to ensure secure opera-
tion of power systems (PSs) managed by them. For this purpose, TSOs undertake a number of
actions, including e.g.:

a)
b)
c)
d)

e)
f)

g)

the preparation of periodic (current, daily, monthly, annual) coordination plans,

the provision of transmission capacities for the cross-border commercial exchange,

the conclusion of agreements in the scope of system services for power balancing,

the acquisition of cold intervention reserve services, availability of capacities of gene-
rating units that are not subject to the central management carried out by TSOs,

the conclusion of agreements for demand reduction services at the request of TSOs,

the conclusion of agreements with operators from neighboring countries, including
agreements for emergency power supplies,

the preparation of procedures in case of threats to secure operation of PSs.
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Apart from TSOs, entities participating in the performance of the above-mentioned acti-
vities are generators, customers and electricity distribution system operators (DSOs) with de-
vices, installations or networks connected directly to the closed grid. TSOs and DSOs ope-
rating in the hierarchical order as well as dispatch operation services of the power plants and
customers ensure secure operation of the power system. The cooperation between TSOs and
transmission system operators from neighboring countries in the scope of the current operation
of the grid takes place in accordance with the principles described in the Continental Europe
Operation Handbook, i.e. in the document of ENTSO-E, the organization of TSOs from the
Continental Europe [1] and the terms and conditions provided in bilateral agreements.

Coordination planning conducted in cooperation with other users of the system is the basic
tool used by TSOs to ensure the coherence of activities undertaken by entities participating in
the current operation of the grid with safety requirements of the power system. Power balances
of the power system presenting its generating capacities, power demand and power surplus ne-
cessary for obtaining the required operating reserve as well as the amount of power possible to
be provided for the purposes of the cross-border exchange with neighboring PSs, is the basic
element of coordination plans. The provision of transmission capacities for the purposes of the
cross-border interconnection exchange is an important element affecting the possibilities of
covering customers’ demands for power and electricity.

The basic task of the Polish TSO — the entity responsible for ensuring secure operation of
the Polish National Power System (PNPS) is to balance power. The control of the sufficiency
of national generation resources to cover the power demand is provided by power balances
prepared by the Polish TSO for different time horizons. They include expected national de-
mand, scheduled power outages and transmission capacities available for the cross-border
commercial exchange.

Annual and monthly balances are prepared to determine power surplus available to TSOs
for daily peak power demand on working days respectively for specific months of the next
year and days of the next month. Daily and current balances are more detailed due to the fact
that they are prepared using the Load Distribution Algorithm and based on the commercial
and technical data contained in balancing offers, taking system limitations and necessary ope-
rating capacity reserve of a given system as well as balances of foreign trade into account.

Coordination plans, apart from the part related to the power balance, also contain shut-
down plans for particular components of the closed grid which are prepared, taking overhauls
of generating units connected to this grid into consideration. TSOs also identify transmission
limitations arising out of applicable criteria for reliable operation of the system and specify the
resulting requirements related to the minimum and maximum possible number of generating
units in specific nodes of the grid for the entire period covered by the plan.

Detailed arrangements concerning power balancing in the PS are included in internal
procedures of the TSO in the form of planning and dispatching instructions. They specify, for
instance, resources and the order in which such resources are used for ongoing balancing of
the system. The sufficiency of generation capacities occurring in the area of this TSO to cover
the demand is of essential importance for the secure operation of the PS in the adopted planing
prospects. The criteria for the assessment of the sufficiency of generation capacities in the
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Polish National Power System are defined in the Instruction of Transmission System Opera-
tion and Maintenance (Instrukcja Ruchu i Eksploatacji Sieci Przesylowej, IRiIESP) [2]. Pur-
suant to this document, the required power surplus available to the Polish TSO in relation to
the demand to be covered by national power plants, i.e. taking the balance of exchanged po-
wer into account, should amount to at least 18% of the planned demand to be covered by na-
tional power plant for the annual planning horizon, 17% for the monthly planning horizon and
not less than 9% for the daily planning horizon.

The requirements in the scope of the management of minimum capacity reserves appli-
cable in the area of ENTSO-E were defined in the documents of this organization applicable in
this respect.

2. Characteristics of the power demand in the PNPS

The analysis of the power demand in power systems shows that this demand is different at
each hour of the day as well as on each day and in each month of the year. This variability
results from the needs of electricity customers which, in turn, depend on a number of other
factors, including economic factors such as: conditions of their functioning in the economy of
a given country and conditions connected with the time of the year, the day of the week
(working days, weekends, bank holidays) and the time of the day (night, intermediate loads,
peak loads).

In order to illustrate this phenomenon, Figs. 1-3 present the most important data concern-
ing the variability of the demand in the PNPS in 2014 prepared on the basis of data published
in annual reports on the functioning of the PNPS [11] by PSE S.A., performing the role of
Polish TSO. Fig. 1 presents the daily demand in the PNPS on days when there was the mini-
mum and maximum power demand.
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Fig. 1. Power demand on days when there was the minimum and maximum national power demand
in the PNPS in 2014
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During this period, the maximum power demand in the PNPS occurred on 29 January and
amounted to 25 535 MW. The minimum national power demand occurred on 21 April and
amounted to 10 745 MW. The difference between the maximum and minimum power demand
in the analysed period was 14 790 MW, i.e. approx. 57.9% of the peak demand. The high
variability of the power demand was also observed at specific hours of the day. On the day on
which the maximum power demand was recorded it changed from 18 129 MW to 25 535 MW.
On the day on which the minimum power demand in 2014 was recorded it fluctuated from
10 745 MW to 15 455 MW.

Figs. 2 and 3 present the partial coverage of power demand on days when there was the
maximum and minimum power demand in 2014. The demand for power on 29 January 2014
was covered by the generation of electricity in lignite-fired power plants ranging from
5136 MWh to 7 851 MWh, the generation of electricity in coal-fired utility power plants
ranging from 9 938 MWh to 13 510 MWh and the generation of electricity in industrial power
plants which was quite stable at all times of the day and which was maintained at the level of
approx. 1 300 MWh. Hydro and gas-fired power plants also participated in meeting the power
demand - electricity generated by small hydro power plants was low and amounted to approx.
80 MWh on average, and electricity generated by gas-fired power plants amounted to approx.
430 MWh. Electricity generated by wind farms or other renewable energy sources amounted
to approx. 2 000 MWh on average. Pumped-storage power plants were started to supply
additional electricity during the morning and evening load peak.
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Fig. 2. Power demand in the PNPS on the day on which the maximum national power demand in 2014
was recorded and ways of meeting this demand

On 21 April 2014, electricity generated in industrial power plants was quite stable at all
times of the day and amounted to approx. 970 MWh. Electricity generated in lignite-fired
utility power plants fluctuated from 3 330 MWh to 5 375 MWh, and in coal-fired utility power
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plants from 5501 MWh to 6480 MWh. Small hydro power plants generating approx.
100 MWh on average, gas-fired power plants generating approx. 330 MWh and pumped-
storage power plants working at the time of peak demand supported the power balance of the
PNPS. The total electricity generated by wind farms and other renewable energy sources
amounted to approx. 600 MWh per hour on average.
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Fig. 3. Power demand in the PNPS on the day on which the minimum national demand in 2014
was recorded and ways of meeting this demand

3. Introduction of limitations of the supply and consumption of electricity
in the PNPS in August 2015

In the operational practice concerning issues related to power balancing in the PS, there are
a number of examples of occurrence of limitations of the supply of electricity to customers. In
2015, the total amount of electricity not supplied to customers of the PNPS amounted to ap-
prox. 95 000 MWh, which constituted approx. 0.06% of the energy consumption in Poland
[13]. Such situations are the result of many events, such as e.g.:

a) technical failures in generation, transmission or distribution subsectors [9],

b) extreme weather conditions that cause significant limitations of the operation of key

components of the power system or generate extreme increases in the power demand,
c¢) improperly prepared or too slowly implemented power system development plans lead-
ing to the periodic lack of capacity to meet the power demand [3].

In case of possible difficulties with power balancing in the PS, in order to maintain ex-
pected supplies to the customers, operators of the PS should undertake all possible activities,
such as e.g.: emergency import of electricity from other PSs, overloading of operating generat-
ing units, commissioning of emergency units, reduction of voltage in the power supply grid of
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a certain group of customers, suspension of works conducted in these parts of the PS which
lead to the limitation of the available capacity.

If all possible preventive measures turn out to be insufficient, the TSO is obliged to use
other measures, including to implement the limitation of the supply and consumption of elec-
tricity, in order to ensure safe and stable operation of the PS. Such limitations are introduced
according to the plan previously prepared for this purpose, starting from scheduled limitations
and ending, if needed, with emergency limitations.

The heat wave which took place in August 2015, when the air temperature in the afternoon
exceeded 35°C in the entire country, caused a drastic deterioration of power balancing con-
ditions in the PNPS. The average temperature in the country as much higher compared to the
previous year, indicated temperature differences reached even 10°C. These temperatures signi-
ficantly differed from average long-term temperatures. A strong correlation between the in-
crease in the air temperature and the maximum power demand in the PNPS resulting from the
use of cooling equipment on a large scale has been observed for years. As a result, the power
demand in the PNPS on 7 August reached its historical maximum level for the summer period
amounting to 22 186 MW. High temperatures led to the gradual increase in power outages in
centrally dispatched generating units (CDGUs). The reasons for such limitations varied. There
were very high emergency outages which reached approx. 3 000 MW on 10 August. This
situation was associated with very difficult conditions of operation and cooling of basic and
auxiliary equipment forming part of generating units, especially those that have been operated
for a very long time. The second group of outages occurring at generating units with open
cooling water systems included hydrological limitations. They were caused by low water
levels in rivers and exceeded limits of cooling water temperatures during discharges. The most
difficult hydrological situation was recorded in the following rivers: Vistula, San and Narew.
These outages reached the maximum value of 1 200 MW. High temperatures also led to limi-
tations of the operation of specific systems, for example flue gas desulphurization installation.
This resulted in the occurrence of so-called operational outages which reached about 800 MW
in the described period. High temperatures resulted in the systematic decrease in the permis-
sible load of 110 kV lines forming part of the distribution grid. This decrease led to limitations
of power evacuated from power plants reaching even 1 000 MW. As a result, the total power
outages in the analyzed period, caused by the above-mentioned limitations amounted to
4900 MW.

At the same time, due to technical conditions arising out of unscheduled power flows
through the PNPS (so-called loop flows), it was not possible to offer transmission capacities
for the purposes of electricity import from neighboring market areas. In spite of using all
operational preventive measures available at the planning stage by the Polish TSO, such as:

a) postponement of scheduled overhauls of several units,

b) use of emergency power supplies from neighboring power systems in the Czech Repu-

blic and Slovakia,

¢) commissioning of available non-centrally dispatched generating units (nCDGUs),

d) reduction of power (DSR).
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On 10 August 2015 the expected shortage of generating capacities necessary for balancing
the demand of customers of the PNPS reached the value clearly indicating the occurrence of
the state of threat to the security of the supply of electricity to customers.

In this situation, the Polish TSO, exercising its statutory rights, made the decision to im-
pose limitations of the supply and consumption of electricity on 10 August from 10:00 am to
09:00 pm and announced applicable power supply levels on a statutory basis. The decision
concerning the choice of the power supply level for specific periods was made on the basis of
current forecasts of the balance of the PNPS and analyses of consequences of introducing
further limitation levels. On their basis it was stated that for the actual conditions of the
functioning of the PNPS it is possible to obtain the effect of power reduction for power supply
levels above the 16th level; the maximum possible reduction of power consumption is
750 MW for the 17th level, up to 3 360 MW for the 20th level.

Statutory rights authorize the Polish TSO to impose limitations of the supply and con-
sumption of electricity on this basis for the maximum period of 72 hours. Therefore, on 10
August 2015, acting on the basis of article 11c section 3 of the Energy Law Act, the Polish
TSO notified the Minister of Economy and the President of the Energy Regulatory Office of
the occurrence of threat to the security of the supply of electricity, the measures taken in order
to remove this threat and prevent its negative effects. At the same time, the Polish TSO also
informed the Minister of Economy that due to forecasted weather conditions, the introduction
of limitations of the supply and consumption of electricity at the request of the Polish TSO for
the period of 72 hours may be insufficient. Moreover, it informed the Minister that in order to
maintain the proper functioning of the NPS, it would be necessary to introduce limitations on
the basis of article 11 section 7 of the Energy Law Act, i.e. on the basis of the Regulation of
the Council of Ministers. The Polish TSO indicated the 20th level as the maximum requested
level of limitations in accordance with § 4 section 3 of the Regulation on the detailed rules and
procedures for introducing limitations in the above-mentioned notification. The Polish TSO
determined the maximum value of requested limitations of the supply and consumption of
electricity at 7 651 MW, indicating at the same time the period from 10 August 2015 to 31
August 2015 as the duration of limitations of the supply and consumption of electricity. On 11
August 2015 the Council of Ministers adopted the Regulation on the introduction of limita-
tions of the supply and consumption of electricity (Journal of Laws of year 2015, item 1136).
Pursuant to this Regulation, the limitations of the supply and consumption of electricity were
introduced from 11 August 2015 from 00:00 am to 31 August 2015 to 00:00 am on the ter-
ritory of the Republic of Poland for customers with contracted capacity above 300 kW.

Expected and covered power demand in the PNPS on critical days from 10 to 13 August in
the context of introduced power supply levels is presented in Fig. 4 [12].

Power consumption was reduced not only by customers obligated by law, but also by
customers not covered by the limitation plan. This was the result of their voluntary response to
the TSO’s call for the reduction of power consumption by means of mass media. As a result, it
changed the daily national power demand in the following way:

a) the effect of the demand reduction started earlier and also lasted after lifting a given

power supply level,
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b) the full potential of limitations arising out of the 20th power supply level was not re-
vealed on 10 August 2015. As expected, on the first day of limitations a part of custo-
mers did not manage to adapt to new conditions (the effect of the power reduction was
bigger on 11 August of 2015 when the 19th power supply level was announced),

c) the effect of limitations was also visible on 13 August 2015 despite the fact that the
11th power supply level was announced in which customers may consume electricity
up to the level of contracted capacity, which in practice means no limitations.
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Fig. 4. Expected and covered power demand in the PNPS from 10 to 13 August 2015

The next stabilization of conditions of power balancing in the PNPS was caused by the
significant reduction of emergency outages of power generators and hydrological outages in
connection with implemented extraordinary measures related to weirs in rivers. It made it pos-
sible to prevent the implementation of power supply levels (above the 11th level) on the next
days of the month for which the Polish TSO obtained relevant authorizations from the Council
of Ministers. The amount of electricity not supplied due to the limitations imposed in the de-
scribed period was calculated. The difference between the forecasted power demand assumed
in daily plans and the actual demand stood at about 55 000 MWh [13], which amounted to
60% of the total electricity not supplied to customers in 2015. On this basis, the total cost of
electricity not supplied due to the implementation of planned limitations and other reasons, for
example those connected with failures of distribution grids, can be evaluated. For this pur-
poses, the level of unit costs of not supplied electricity should be assumed appropriately to the
reason.

Taking the type of measure taken to reduce the power consumption and high uncertainty of
possible effects into consideration, implemented power supply levels should be deemed to be
properly chosen. It was confirmed by the opinion prepared by the President of the Energy
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Regulatory Office on the basis of the report of the Polish TSO. The decisions taken and their
efficient implementation at the level of operational activities allowed for safe and stable opera-
tion of the PNPS. It was possible to avoid the introduction of emergency limitations, the eco-
nomic and social consequences of which would be much more serious or, in fact, disastrous.

4. Possibilities of meeting peak power demand of customers

As described above, each power system may experience periodic problems with ensuring
safe margin of power balance, which in extreme cases may lead to the implementation of me-
chanisms of limitations of the supply and consumption of electricity. The probability of the
occurrence of such undesirable situations is much higher in the periods of peak loads of the PS
which are relatively short. Statistical data collected for the last few years of the operation of
the PNPS show that the demand for the last 500 MW of the peak power only lasted about 20
hours and, accordingly, for the last 1 000 MW about 100 hours per year. Such data indicate
the assumptions that should be taken into account in the economic analysis presenting dif-
ferent possibilities of covering power demand in the system, including the justification of the
feasibility of building peak-load sources. Due to the fact that peak demand lasts for short
periods of time, the search for alternative solutions to the construction of generating units
designed for peak operation is fully justified. The development of the model allowing for the
determination of unit costs of system services for power demand balancing of the system for
various variants of possible solutions is very useful for this purpose. It is possible to compare
them and identify the optimum solution on the basis of this model.

Available collected data concerning solutions used in the PNPS on the basis of which the
comparative analyses were carried out are presented below. Possible solutions were chosen in
such a way that they could be used as a model for similar analyses for other power systems.
For this purpose, the calculations for the system services available in the PNPS (items 1-5)
and potential services in the scope of emergency operation provided by generating sources de-
signed for peak operation (item 6) were made. The following system services were included:

1. overload operation of centrally dispatched generating units (UPP),

2. availability of non-centrally dispatched generating units (GWS),

3. import of electricity by the operator from Sweden (OIs) and synchronous intercomnec-

tions (Olps),

4. system service of cold intervention reserve — the result of two public tenders (IRZ1,
IRZ2),

5. power consumption reduction at the request of the Polish TSO (DSR — Demand Side
Response),

6. intervention operation provided by used (ZISuo, ZISug) and new (ZISno, ZISng) oil-
or gas-fired generating sources designed for peak operation.

The following assumptions were taken into account in the above comparative analysis:

a) unit cost were determined on the basis of data published in public tenders or assumed
as values estimated on the basis of other source data,
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b) determined costs of power balancing services include all costs of the provision of ser-
vices, i.e. fixed and variable costs [4],

c¢) all calculated costs were presented in current prices in 2015,

d) analyzed fuel (coal, oil, gas) prices are based on market data applicable in 2015 so
significant differences, especially in the area of the calculation of unit variable costs of
compared variants should be taken into account,

e) in the case of a new unit, capital expenditures per unit in the amount of
600 000 EUR/MW were assumed for the analysis of costs of peak-load intervention
sources. The weighted average cost of the capital was assumed in the amount of 10%
and annual operating costs in the amount of 2% of capital expenditures in the entire
30-year period of operation. Data for used generating units were assumed on the basis
of the analysis of a rich market offer. The use of open circuits without the use of waste
heat was assumed for the calculation of variable costs per unit. Moreover, the use of oil
and LPG was assumed, thus maintaining the independence from the operation of gas
transmission and distribution grids,

f) electricity is supplied to the PNPS as part of the services acquired by the Polish TSO,
referred to in points 1-5, which is then sold on the Balancing Market (BM). The re-
venue from the sale of electricity is deducted from the purchase cost of these services
(the rounded average selling price of electricity on the BM from year 2014, i.e.
160 PLN/MWh was assumed),

g) unit costs of overload operation were calculated on the basis of published data concerning
prices on the energy market and increased by the cost increase rate associated with the
decrease in the efficiency of the generating unit caused by the mode of operation,

h) unit purchase costs of GWS services were estimated on the basis of variable costs of
these sources, taking their structure in the national market into account,

i) unit costs of import of electricity by the operator were established on the basis of the
average taken from several years according to the emergency energy exchange mecha-
nism. According to this mechanism, these costs are established on the basis of available
electricity prices applicable in markets in which TSOs purchase electricity for the
purposes of their neighboring operators (for example spot prices on the Nordpool stock
exchange),

j) the same time of using system services, 200 hours per year, was assumed in the calcu-
lation of unit costs presented in Table 1. In the case of the reduction of power demand
at the request of the Polish TSO (DSR), 60 hours were assumed according to the terms
and conditions of concluded agreements, which corresponds to the limitations resulting
from technological and organizational conditions of service providers.

Unit costs of system services for power balancing calculated in this way (jkubm) are pre-
sented in Table 1. They were prepared in two variants: the gross variant including all incurred
costs (jkubmy) and the so-called net variant (jkubm,), i.e. the variant in which revenues from
the sale of electricity supplied as part of the service provided in the BM are deducted from the
costs of system services and avoided costs of purchase of operating capacity reserve were
included in the cold intervention reserve service.
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Table 1. Unit costs of system services for power balancing of the PNPS in 2015

Unit cost of power Unit cost of power
No Type of service balancing services balancing services
: yp fixed variable gross net
[PLN/MWh] | [PLN/MWh] | [PLN/MWh] | [PLN/MWh]
1 | Overload operation service (UPP) — 200 200 40
2 | Reliability Must Run (GWS) - 300 300 140
3 Electricity import from Sweden by the B 250 250 90
operator (Ols)
4 Electrlqty import using synchronous B 520 520 360
connections (Olps)
5 | Cold intervention reserve (IRZ1) 770 300 1070 480
6 | Cold intervention reserve (IRZ2) 880 300 1180 590
Reduction of power demand at the
’ request of the Polish TSO (DSR) B 1160 1160 1160
3 Used oil-fired peak-load intervention 1570 650 2220 2060
source (ZISuo)
9 Used gas-fired peak-load intervention 1570 940 2510 2350
source (ZISug)
10 New oil-fired peak-load intervention 2060 650 2710 2550
source (ZISno)
1 New gas-fired peak-load intervention 2060 940 3000 2840
source (ZISng)
Unit cost of electricity not supplied due
12 | to scheduled limitations (jknee,,) — 7500-13 500
unscheduled limitations (jkneey,)

Taking the actual conditions of the functioning of the power system into account, the
actual time of using specific system services for power balancing in each year is different. For
this reason, in the case of optimisation analyses it is useful to prepare the graph presenting the
relationship between net unit costs of system services for power balancing of the PS and the
time of using such services. The relevant graph for the PNPS and data from Table 1 is pre-
sented in Fig. 5.

In spite of unified assumptions, presented unit costs are not fully comparable due to the
technical characteristics of specific services. In the case of conventional sources providing the
cold intervention reserve service and being peak-load intervention sources (the same also
applies to pumped-storage hydro power plants), it is necessary to incur fixed costs of their
operation and the actual total unit cost, indeed, depends on the actual time of using such
sources.

In the case of services such as: overload operation, use of GWS services, reduction of
power demand at the request of the Polish TSO or electricity import by the operator, according
to the adopted model of settlement with service providers, fixed costs do not have to be settled
with service providers. As a result, the total unit cost does not depend on the actual time of
using these services. For reasons given above, it is worth using the unit capacity cost indicator
expressed in PLN/MW/year in the process of comparison of costs of various options of
obtaining power for the purposes of balancing the PS. To ensure the comparability of various
possible solutions, the indicator determined in such a way was calculated on the basis of the
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assumption that each of the analysed services will be provided with the same available

capacity. Obtained results are presented in Table 2.
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and the time of using services in the year

Table 2. Unit capacity costs of system services for power balancing of the PNPS in 2015

Power to be
No. Type of service ;fj:ls]l: yrtslg Unit capacity cost
[MW] [‘000 PLN/MW/year]
1 | Cold intervention reserve (IRZ1) 154
2 | Cold intervention reserve (IRZ2) 176
3 Reduction of power demand at the request of the Polish 53
TSO (DSR) 200 )
4 | Used oil-fired peak-load intervention source (ZISuo) 314
5 | Used gas-fired peak-load intervention source (ZISug) 314
6 | New oil-fired peak-load intervention source (ZISno) 412
7 | New gas-fired peak-load intervention source (ZISng) 412

Services provided by sources of cold intervention reserve and the reduction of power
demand at the request of the Polish TSO were included in the group of services presented in
Table 2 due to the periodic tests of this service generating fixed costs of its provision. The last
four items constitute various variants of peak-load intervention sources. It is assumed that
these sources would be built for the purposes of the provision of system services for the Polish
TSO and not on the basis of their functioning in the electricity market.
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The service of intervention operation provided by pumped-storage sources which has not
been published in relation to the costs of its provision is also included in the group of services
contracted by the Polish TSO. It was assumed that the revenues from the sale of generated
electricity in the BM balance variable costs of purchase of electricity in the BM for the pur-
poses of pumping water and costs of the variable component of the distribution fee. However,
the nature of this service does not differ much from cold intervention reserve services and
does not change the general conclusion regarding the evaluation of the grounds for the pur-
chase of system services for power balancing during peak loads.

Another possible comparison consists in the breakdown of annual costs of purchase of
system services for the purposes of power balancing, which however requires making certain
assumptions concerning the time of using such services in the analysed period of cost balanc-
ing. Costs determined in such a way are reduced by revenues from the sale of generated elec-
tricity in the balancing market and in the case of the cold intervention reserve (IRZ) by the
avoided costs of purchase of operating capacity reserve services. The breakdown of annual
costs is helpful in the calculation of costs of the licensed activity carried out by the TSO, and
the choice and purchase of the appropriate service should be the basis for its optimization.

It should also be emphasised that both volumes of available capacity within specific ser-
vices and the possible time of using such services by the Polish TSO differ much and are not
comparable to services the provision of which does not generate fixed costs. For example,
capacity available within the overload operation service depending on a given generating unit
can be available only for several hours. Also, the volume of available import of electricity by
the operator depends on the grid and balancing situation of other TSOs and the duration and
frequency of possible reductions are different in case of different providers of this service.
Therefore, all these factors should be appropriately taken into account and evaluated in the
final comparison and choice of services ensuring the coverage of peak demand for power and
electricity.

5. Summary

1. One of the basic tasks of transmission system operators is to ensure the security of ope-
ration of power systems managed by them, including power balancing. The analysis of
power demand in power systems shows that it is different at different hours of the day as
well as on different days of specific months of each year. This variability depends on
a number of factors, including conditions of the functioning of customers in the economy
of a given country, conditions resulting from the time of the year, week or day — night,
intermediate load zones, peak loads.

2. The task of power balancing is particularly difficult in periods of peak loads when the risk
on non-supplying electricity to customers is relatively higher than in other periods. The
control of the sufficiency of generation resources to cover the demand for power is en-
sured, for example, by power balances prepared by TSOs for different time horizons.

3. A lot of examples of occurrence of limitations of the supply of electricity to customers
were recorded all over the world in the operational practice related to the balancing of po-
wer in the PS. The analysis of financial consequences of selected cases of limitations of the
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supply and consumption of electricity for customers connected to the PNPS shows that the
unit costs of not supplied electricity amounted to 7 500-13 500 PLN/MWh. The amount of
these costs in future events will depend on a number of factors such as the nature of limi-
tations — scheduled or emergency limitations, their duration or frequency, ability to foresee
them and ability to report possible limitations well in advance, ability to undertake de-
veloped preventive measures.
The analysis of both direct and indirect financial consequences of limitations of the supply
and consumption of electricity for customers clearly shows that possible preventive
measures taken well in advance have less serious, economic and social consequences. Ap-
propriate preparation and implementation of measures minimizing the probability of the
introduction of limitations is justified.
Covering peak power demand by means of generating units designed for peak operation is
one of the mechanisms of balancing peak loads. They are characterized by low unit capital
expenditures, high availability, short commissioning periods and high flexibility of ope-
ration. Fixed costs of such sources and forecasted costs of fuels used by them determine
the choice of the optimum technology. However, they do not have a significant impact on
the economic calculation determining their construction as an alternative solutions to
possible limitations imposed on customers. However, taking into account the fact that peak
demand does not last long, the search for alternative solutions to the construction of gene-
rating units designed for peak operation is necessary and well-grounded in spite of using
cheaper used sources available in the market. It is determined by both technical and eco-
nomic aspects. For this purpose, it is very helpful to develop the model allowing for the
determination of unit costs of system services for power balancing for different variants of
possible solutions so that it could be possible to compare them and choose the optimum
solution on the basis of this model.
The analysis of unit costs of system services for power balancing in the PS from the time
of using them shows that the following alternative solutions are more favorable than the
construction of generating units designed for peak operation:
a) possibility of overloading generating units designed for basic and intermediate peak
operation, functioning in the market,
b) use of the possibility of providing system services for power balancing by distributed
generation units by TSOs,
¢) system services provided by pumped-storage power plants functioning in the market,
d) intervention import of electricity from other power systems on the basis of separate
interconnection agreements,
e) temporary use of the intervention operation of old generating units intended for
liquidation,
f) use of the possibilities offered by diversified mechanisms of demand side response
(DSR) [6, 8, 10],
g) use of the electricity storage installations [5, 7].



www.czasopisma.pan.pl P N www.journals.pan.pl

N

Vol. 66 (2017) Problems related to balancing peak power on the example of the PNPS 221

References

[1] www.entsoe.eu, Continental Europe Operation Handbook, ENTSO-E, accessed April 2016.

[2] Instruction of Transmission System Operation and Maintenance, Polskie Sieci Elektroenergetyczne
S.A. Warszawa (2015).

[3] Jajuga K., Majchrzak H., Weron A., Integrated risk management of energy producer on the energy
market, Proceedings of 10th scientific-technical conference Rynek Energii Elektrycznej, Kazimierz
Dolny (2003).

[4] Majchrzak H., Power and heat generation on the EU market. Selected issues, (in Polish), Polska
Akademia Nauk — Oddziat w Katowicach, Komisja Metrologii, Wydawnictwo Federacji Stowa-
rzyszen Naukowo-Technicznych, Energetyka i Srodowisko, Warszawa (2006).

[5]1 Majchrzak H., Tomasik G., Kwiatkowski M., Application of energy storage technology for inte-
gration of wind farms with an electric power system, (in Polish), Energetyka, vol. 10, no. 700,
pp. 579-588 (2012).

[6] Majchrzak H., New tariffs as a way of energy efficiency improvement, (in Polish), Czysta Energia
(2013).

[7] Majchrzak H., Polish — Japanese cooperation agreement in the area of smart grid development and
energy storage, (in Polish), Czysta Energia (2016).

[8] Malko J., The Decalogue of the USA power industry development trends, Energetyka, vol. 6,
no. 720, pp. 329-333 (2014).

[9] Report prepared by the team responsible for the investigation of reasons and effects of the disaster
in the power industry, appointed under the decision of the Governor of West Pomeranian Voivo-
deship no. 154/2008 of 22 April 2008, Szczecin, June 2008.

0] www.entsoe.eu, Market design for demand side response, Policy paper. ENTSO-E 2015.

1] www.pse.pl, Annual report on the functioning of the PNPS for year 2014, accessed April 2016.

2] www.pse.pl, Daily reports on the operation of the PNPS in year 2015, accessed April 2016.

3] www.pse.pl, Annual report on the functioning of the PNPS for year 2015, accessed April 2016.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages false
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages false
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages false
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


