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JAN WROBLEWSKI!

Techno-economic advantages of operation of pumped-storage
plants within the power system?

The paper presents functions of pumped-storage power stations operating within the power system.
These functions can be divided into two categories — direct functions which have a direct and immediate
effect on the production curve and indirect functions which indirectly influence the operation of the
system. The following direct functions are discussed among others: energy transfer, intervention func-
tion, control function, spinning reserve, operational stand-by reserve and compensation work. Amongst
the indirect functions of pumped-storage power stations, there should be mentioned settling down the
operation of thermal power stations, limitation of break-down occurrence in thermal power units, re-
duction in consumption of fuel used at start-up, power generation at or near optimum efficiency and
sther techno-economic advantages for co-operating thermal power stations as well as global advantages
in terms of the whole power system. The aim of the paper is to give systematic insight, gained from
a literature review, into advantages and disadvantages coming from the operation of pumped-storage
power plants.

1. Introduction

Pumped-storage power stations serve numerous functions within the power
system both at peak and off-peak load. Operation of pumped-storage power plants
within a power system of middle-southern states of the US [1] has brought a series
of the following advantages in terms of load distribution:

e transfer of energy from near-peak and on-peak to basic units and reduction

in unsteady peak load (from 30% to 20% of the peak power),

o reduction in unsteady power generation in near-peak and on-peak units
(from 10.9% to 8.1% of the total generation of the system) and decrease in
minimum unsteady off-peak load (from 6% to 4% of the peak power),

e increase in minimum load of the system owing to pumping work (from 57%
to 66% of the peak power), :

e increase in minimum load of basic units at low demand periods (from 81%
to 94% of the unit power).

1Technical University of Gdarisk, Department of Hydraulic Structures and Water Manage-
ment, Faculty of Environmental Engineering, Naruszewicza 11/12, 80-952 Gdaiisk
2A part of this paper was presented at HYDROFORUM’94 Conference in Gdarisk
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It should be noted that the possible advantages coming from reduction in
unsteady generation can be more significant than the advantages due to energy
transfer.

The functions of pumped-storage power stations operating within the power
system can be divided into two major categories: direct functions having a direct
and immediate impact on the form of the production curve and indirect functions
which do not influence the system immediately but have a delayed long-term
impact on the power system. The indirect functions of the pumped-storage plants
encompass a series of technical and economic advantages for co-operating thermal
power stations as well as global advantages in terms of the whole power system.

2. Direct functions

2.1. Energy transfer

The objective of this function is to transfer energy from low to peak demand
periods. The energy transfer consists in accumulation of energy (pumping up
water to the upper reservoir using power from the system) during low demand
periods and releasing it back to the system during high demand periods (gene-
ration work). The full cycle of the pumped-storage power plants (pumping and
generation work) takes place at a certain level of efficiency. This cycle can be daily,
weekly or seasonal, depending mainly on the hydrological conditions and capacity
of water reservoirs. The weekly cycle of the pumped-storage power plant means
intensified pumping work during holidays and week-end days. The reservoir is
filled up before Monday mornings then gradually emptied on working days, get-
ting the lowest level on Friday evenings. Mid-week pumping work is limited only
to low demand night periods, and therefore the energy used for pumping is lo-
wer than generation work. The seasonal (yearly) cycle means intensified pumping
work during summmer months and, in turn, intensified generation work in winters.
It happens in some countries, for example in Switzerland, that power generation
of pumped-storage plants in winter is ten times higher than in summer [2]. The
pumping regime is of particular importance for pumped-storage plants where na-
tural tributaries are not capable of filling up water reserves lost during generation
of power. In these cases special water intakes are built on lower tributaries, bey-
ond the main water course of the pumped-storage plants, from which water i
pumped back to the upper reservoir. Such solutions can be found, among others
in the power plants of Schluchseewerk [3], Liinersee [4] and Grand Maison [5].

The energy transfer function for the pumped-storage plants has become espe-
cially significant in countries with increasing share of nuclear energy. The pumpine
function is called then enforced pumping [6].

2.2. Power function

The objective is to increase the power capacity of the system to meet pea
loads. The power and energy transfer functions are two main objectives of th
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pumped-storage power plants [7].

2.3. Intervention function

The function makes use of one of the main advantages of the pumped-storage
power plants, which is low time requirements for start-up, shut-down and change
of the operating regime in emergency cases, including breakdown of turbosets
or transmission and dispatching units, sudden unpredictable changes in power
demand, or a combination of these factors. The intervention function is accom-
plished both during generation and pumping work.

2.4. Control function

This objective, in a similar way to the one listed previously (the intervention
function), takes also advantage of low time requirements for start-up, shut-down
as well as for changing the operating regime at high slopes of the load curve when
maintenance of the energy balance can not be kept solely by means of conven-
tional thermal power stations. The function consists in controlling interaction,
within the power system, of one or a group of pumped-storage plants after their
connection for generation work as well as disconnection. This control was cal-
led by the author in [8-9] start-up/shut-down control. Another suitable name for
this type of control, which can be met in Polish literature, is intervention power
control [10-11]. In world-wide literature this control is called pick-up duty [12]
or Lastrampen Funktion in German-speaking literature [6]. The control function
does not refer only to transient regimes — between low and peak demand periods
- but also to these periods when the connection of a pumped-storage power plant
for generation work (or its disconnection) does not carry the character of inte-
rvention.

Due to the close similarities in intervention-type and control-type interactions
between the pumped-storage plants and the power system and the same reasons
that underlie these functions, and often due to a difficulty in recognition whether
the situation has the character of intervention or control, they are often given one
common name — intervention-control function.

Establishing quotas for foreign trade of electric power The quotas are established
based on co-operation accords. The power output of the national power system
should take account of the power exchange programme in order to maintain the
balance with the foreign partners (in the case of synchronous work of the neigh-
bouring power systems). Any imbalance in foreign energy trade should be quickly
answered which is often done by means of pumped-storage power plants, pro-
vided they are available in the power system of the country. Regulation of the
foreign trade balance as regards electric power is one of the objectives of power
generation control. Due to its particular significance this function has been spe-
cified separately. The function plays an important role both for technical reasons
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(maintaining the frequency, assuring stability of the connected international sys-
tems) and in economic terms because it enables the country to take advantage
of a special system of discounts and penalties, while settling accounts, set up to
assure proper functioning of the connected international systems.

2.5. Primary control (frequency control due to contribution of pumped-sto-
rage plants)

The primary control whose objective is to prevent frequency decrease is a do-
main of thermal and water-storage power plants equipped with regulators of the
turbine rotational speed [13-14]. It should be noted that for water storage and
pumped-storage power stations under operation the amount of reserves taking
part in the primary control depends on the load of turbosets and current wa-
ter level in the upper reservoirs. Nowadays many pumped-storage power stations
participate in the primary control within 1-6% of their power capacity [14]. Data
concerning the share of power capacity available for the purpose of primary con-
trol for selected West European pumped-storage plants belonging to the UCPTE
system and two Polish power plants [15] are collected in Table 1.

Table 1. Share of unit power capacity available for primary control for selected
pumped-storage plants in Europe [14-15]

Generated power Share of unit power
Pumped-storage plant Country P capacity available for
MW] primary control (% Pmax]

Veytaux Switzerland 60 6
Roncovalgrande Ttaly 125 5
Bargi Italy 169 5
Revin France 180 5
Coo 1+ 2 Belgium 150, 207 5
Torrao Portugal 72 5
Zarnowiec Poland 179 5
Porabka-Zar Poland 125 5

Rosshag Austria 57D 4.5
Malta Austria 220 4
Mapragg Switzerland 93.3 4
Montezic France 228 4
Wehr Germany 227.5 4
Sackingen Germany 90 4
Vianden 1-94+10 Luxembourg 100, 196 4

Dinorwig Wales 300 1-4
Estany Gento S. Spain 112.75 3
Aguieira Portugal 90 1
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2.6. Secondary control (load frequency control — l.f.c.)

Power plants taking part in this type of control are equipped with regula-
tors of turbine power, controlled by means of a central controller of the system.
Hydro-power plants, including pumped-storage plants have the largest range of
load frequency control. This range is determined through the width of the 1.f.c.
half band. This value related to the unit power capacity for different types of
power plants is as follows [16]:

e nuclear power stations (PWR) — £2.5%,

e conventional thermal power stations — £15%,

e hydro-power stations — £40%.

In reality many units of modern hydro-power plants have a possibility of 1.f.c.
within 50% half band, that is the secondary control can be performed within a
range of 0-100%.

The half band width for pumped-storage units is usually smaller (with the excep-
tion of the pumped-storage power plant of Herdecke, Germany [17]) than for rever-
sible hydrosets where the full range of power control is possible as for three-machine
irreversible hydrosets.

The contribution of Polish pumped-storage power plants to primary and se-
condary control is considerably large and forms a significant share of the global
balance of control power in the national power system which fulfils technical re-
quirements for UCPTE members.

2.7. Spinning reserve function

This function is often accomplished as synchronous compensation work. The
spinning reserve, being a component of the break-down reserve, is accumula-
ted in pumped-storage units and plays a particularly significant role in mainta-
ining the break-down reserve of the system (called also the intervention reserve).
The reserve of the system consists of the spinning unloaded reserve concentra-
ted in pumped-storage and hydro-power (mainly water-storage) plants, the spin-
ning reserve concentrated in operating thermal power plants and partly loaded
water-storage and pumped-storage plants (corresponding to the Lf.c. reserve),
and the stand-by reserve, called also the cold reserve, concentrated mainly in
water-storage and pumped-storage plants and gas turbines belonging to the struc-
ture of the system and operating in thermal power plants.

2.8. Operational stand-by reserve (cold reserve)

This function is as important as the spinning reserve function. A hydroset of
a pumped-storage plant represents a specific power capacity and even when it is
shut down it plays a vital role for the power system. In general it forms an im-
portant element of the system reserve necessary to assure the required reliability
of electric energy production, particularly in the case of long-time disturbance
in the system like, for example, failure of a power unit or short-term mistake in
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demand forecasting. The dispatcher of the system has to take action then and
modifies the plan for energy production, that is increases or decreases the power
of working units in order to meet actual needs and compensate the disturbance
(or deviation). This can be done partially or totally by means of the secondary
control reserve. This reserve usually suffices for about 5 min., which is a relati-
vely short time. In order to reconstruct the secondary control power band, the
operational reserve is created. The control system which makes use of this reserve
is called the tertiary control, [13]. The operation reserve is divided between ope-
rating thermal plants and hydrosets being on stand-by. Remote control of load
of thermal power plants within the country is performed by the National Power
Dispatching by means of a system of hand-operated power control for hard coal
power stations and a system of teleinstructions for power stations running on
brown coal and the station of Patnéw running on mazout. This type of tertiary
control functions on a basis of economic load distribution. The tertiary control
and teleinstructions system for thermal power stations is supplemented with the
teleinstructions system for hydro-power plants, among which the pumped-storage
plants of Zarnowiec, Porabka Zar and Zydowo play the key role.

2.9. Compensation work

The objective of this function is the production of reactive energy and the
possibility of voltage control within the system.

2.10. The static and dynamic functions

Bearing in mind the principles of control of a power system by means of po-
wer dispatching, the direct functions mentioned above can be divided into two
categories: static and dynamic functions.

Amongst static functions are the energy transfer, power function, cold reserve,
compensation work. Dynamic functions encompass the intervention function, con-
trol function, contribution to the primary control, contribution to the secondary
control, maintaining the spinning reserve.

3. Indirect functions as technical and economic advantages for the
electric energy system in terms of co-operation between thermal
and pumped-storage power stations

The indirect functions should be considered as secondary to the direct func-
tions. Pumped-storage power plants considerably improve the balance of the po-
wer system and increase its gemeral reliability. Many advantages coming from
the contribution of pumped-storage plants to energy production are of technical
nature and economic profits are not easy to estimate.
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3.1. Advantages for the thermal power plants coming from their co-operation
with pumped-storage power stations

Amongst the most important techno-economic factors in thermal power stations
which can reduce costs of their operation are:

o settling down the operation of thermal power stations,

e limitation of break-down occurrence in thermal power units,
e reduction in modernization costs in thermal power stations,
e increase in the availability factor of thermal power stations,

e power generation of thermal power stations at or near optimum efficiency.
3.1.1. Settling down the operation of thermal power stations

This process is expressed by a decrease in the number of start-up and shut-down
operations for big power units and thus leads to an improvement in technical and
economic parameters of the thermal power station operating on the basis of the
daily load curve. The above factors have an effect on:

Limitation of considerable heat losses due to the decrease in the number of shut-downs
(bringing thermal power units to reserve) and start-ups Sta.rt—up losses of Polish 200
MW power units operating on hard coal vary with power stations from 2.1 TJ
in the power station of Polaniec up to 3.1 TJ in Ostroleka after 48 hour breaks.
Heat losses after 8 hours of break (night reserve) vary from 1.1 TJ in Rybnik up
to 1.4 in Ostroleka B [18]. Average values for thermal power units of other power
stations are near 2.4 T'J after 48 hour breaks and 1.2 TJ after 8 hour breaks. The
biggest power units installed in Poland — 500 MW in Kozienice 2 require as much
as 7.0 GJ after 48 hours and 4.2 TJ after 8 hours of breaks.

Reduction in consumption of liquid fuels used at start-up In most Polish power sta-
tions the main auxiliary liquid fuel used at start-up is mazout. In some power
stations gas is used, for example in the stations of Stalowa Wola, Zabrze and
Bielsko. The start-up of 200 MW power units after 8 hour breaks takes 11.7 tons
of mazout in Polaniec and 27.3 tons in Ostroleka B. On average the consumption
of mazout for this type of power units in other power stations is about 14 tons.
After 48 hour breaks the consumption rises by as much as twice.

Slowing down the process of wear of power unit elements Repeated bringing of
thermal power units to reserve and start-up deteriorates their technical condi-
tion due to thermal deformation of elements, which leads to the occurrence of
internal stresses in materials and consequently to shorter life-time of the devices.
A considerable elimination of interrupted operation of thermal power units can
by accomplished by the introduction of pumped-storage power plants into the
system.
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3.1.2. Limitation of break-down occurrence in thermal power units. Reduction in
the modernization costs in thermal power stations. Increase in the availabi-
lity factor of thermal power stations

Title problems are strictly interconnected, therefore they will be discussed be-
neath together. The influence of settling down the thermal power units operation
on increase in their availability factor due to the introduction of pumped-storage
plants into the power system was visible over late seventies and early eighties. In
1974-81 the breakdown factor of power units of 120 MW and 200 MW was near
10%, whereas since 1982 it has been reduced down to 4% [19]. The reduction in
the breakdown factor has been possible owing to the introduction in 1982 into the
national energy system of the pumped-storage plant in Zarnowiec and an incre-
ase in the availability factor in Porabka Zar - the pumped-storage plant which at
that time managed to overcome technical problems. It should be also noted that
this breakthrough took place when Poland was under severe social and economic
crisis which hit badly our country in 1980-1981.

3.1.3. Power generation of thermal power stations at or near optimum efficiency

Introduction of pumped-storage plants into the power system enables full lo-
ading of a certain number of thermal power units during pumping work and their
operation at optimum efficiency, that is at the lowest level of fuel consumption.
It was calculated in [20] that when the pumped-storage plant of Moty operates
in the pumping regime of 810 MW (3x270) during 2200 hours a year, then 16
thermal power units of 200 MW each running on hard coal can operate at full po-
wer capacity instead of operating under minimum power condition, which brings
net profit of 2640 TJ of energy — about 15% of the total yearly energy used for
pumping in these power units.

3.1.4. Reduction in running costs in thermal power stations

The amount of savings made in points 1-5 should be considered a global
reduction in running costs in the thermal power station.

3.2. Benefits of operation of pumped-storage plants for the power system

3.2.1. Increase in the flexibility of operation of the power system

This means an increase in the ability to adjust the system to cope with fast
changes of generated power in response to changing demand. One of indirect
effects is increase in the flexibility of operation of the national power system
within the connected power systems [21]. This fact combined with financial tariffs
set up so as to stabilise operating conditions within the connected power systems
brings considerable economic profits thanks to improvement in the energy balance
of the country. Increase in the flexibility of the system due to the operation of
pumped-storage plants also reduces the occurrence of separation of the systems,
thus reducing the time of their individual incoordinate operation following the
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separation. In case of separation, the separated system is usually hit by a sudden
power deficit which in turn incurs significant economic losses. The losses can be
reversed by operation of pumped-storage plants, which can considerably minimise
the time of separated work of the systems. The systems separation happened very
often in eighties when the Connected Power Systems automatically separated
from the Common Power System of the former USSR following overloaded power
transmission within the node of Lwdw.

3.2.2. Replacement of old inefficient power stations

Pumped-storage plants newly introduced into operation within the power system
eliminate inefficient thermal power stations from the process of energy production.
These old thermal stations, already amortised running on high-carbon (rich) coal
and remaining in reserve, are put into service for a short time during on-peak
periods in order to meet the demand for power. Pumped storage plants can be an
alternative for inefficient thermal stations, thus pushing them out of the system.
In Polish conditions this is the fate of heat and power stations where the cost of
production of 1 kWh is several times higher than in most efficient block stations
[18]. For this reason units of heat and power stations are placed into reserve in
first place and put back into service in the last resort.

3.2.3. Improvement in the efficiency of energy production in the whole power
system

Settling down the operation of power stations described above has an effect on
the efficiency of electric energy production in the whole system and also reduces
the consumption of fuels needed for the production process. Assuming that the
efficiency of the system rises by 1% due to introduction of pumped-storage plants
into the system, as it was assumed in [22], and that the gross production of energy
is of the order of 130.1 TWHh, as in 1993 [23], then the savings can amount to 1.3
TWHh - an equivalent to 0.8 million tons of hard coal. It should be also noted that
these savings do not involve any additional investments.

3.2.4. Increase in the security factor of the system

Security of operation of the power system depends on the amount of the
break-down reserve (called also the intervention reserve) of the system, which in
turn depends on the production structure and availability factor for the power
units operating within the system.

3.2.5. Decrease in the break-down frequency and costs of modernisation, increase
in the availability factor of the power system

The limitation of interrupted operation of thermal power units leads to a
decrease in the break-down frequency and lowers costs of modernisation of ther-
mal power stations. As a consequence, inefficient and old thermal power sta-
tions, subject to frequent failures, are pushed out of the system and replaced by
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pumped-storage plants. Therefore, global costs of modernisation of the system are
diminished. Containing the break-down frequency of thermal power units and at
the same time increase in the availability factor have a clear effect on a decrease
in the break-down frequency and increase in the availability factor of the whole
power system as well as on an increase in the reliability of energy supplies.

3.2.6. Improvement in quality parameters of electric energy and in local conditions
of energy supply

Lack of appropriate power reserve leads to a decrease in quality of electric
energy supply, which manifests itself in failing to maintain guaranteed levels of
frequency and voltage. A sudden power deficit caused by the loss of generated
power in the aftermath of a break-down of turbosets or failure of high-voltage
transmission lines connecting neighbouring systems or large power stations can
shake the balance between the demand and supply potential followed by a [re-
quency decrease. The deficit duration depends on how fast power reserves of the
system are turned into generation work and on the effectiveness of primary and
secondary control. In modern power systems, the time of frequency fall usually
does not exceed a dozen or a few dozens of seconds [13]. Pumped-storage plants
play a particularly important role in maintaining all kinds of reserve - primary,
secondary, spinning and stand-by reserves.

The absence of power limitations in the national power system with the be-
ginning of 1982 did not result from extending the power capacity of the system.
The unexpected but desired change for the better which took place that time
(1982). After several years of slow steady rise in production, the national eco-
nomy collapsed again in 1990 following the transformation of the political system
and foundation of the market economy, which brought a dramatic decline in in-
dustrial production. From the point of view of power industry, the situation of
ensuing low demand for power from industry was relatively easy to cope with - the
demand was satisfied. Nevertheless, in 1983-1986 due to insufficient investment
feeding of the energy sector, power deficits were recorded and handled by lowering
the energy quality during on-peak hours (lower voltage). As a result about 10%
of consumers got voltage below the guaranteed level and about 7000 villages were
not given the permission to extend their power demand by introducing new high
power machinery [25].

3.2.7. Reduction in transmission losses

Reduction in transmission losses can be achieved by preventing overload of
transmission lines. The control of power distribution is accomplished by means
of large pumped-storage plants, localised at the nodes of the high-voltage trans-
mission grid [26]. The examples of this kind of localisation in Europe are Vian-
den (1100 MW) in Luxembourg, Schluchseewerk (1884 MW) in Germany at the
Swiss border or the complex of water-storage and pumped-storage plants in Ill-
werke (1244 MW) in western part of Austria next to the border with Switzerland,
Germany and Italy — being an important node of the UCPTE system.
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3.2.8. Reduction in running costs of the system

All indirect benefits achieved in thermal power stations combined with indirect
benefits obtained in the energy system are decisive for decreasing global running
costs of the system. However, the total amount of these savings is very difficult
to estimate.

4. Conclusions

The operation of pumped-storage power plants brings a series of advantages for
the power system. Besides their main function - transfer of energy and power from
low to peak demand periods, these power stations carry other important functions
like the intervention function, control function (including ”start-up/shut-down”
control, primary control, load frequency control), spinning reserve and opera-
tional stand-by reserve. Depending on the configuration of system connections,
pumped-storage power stations perform also compensation work, producing re-
active energy and controlling voltage in transmission lines.

The functions mentioned above bring a series of advantages for the power
system as a whole. Amongst these advantages are: settling down the operation
of thermal power stations which has an effect on the limitation of break-down
occurrence in thermal power units, reduction in the consumption of fuel used at
start-up by off-peak loading of thermal power units with pumping work, power
generation at or near optimum efficiency, increase in the availability factor of the
power system and in the reliability of energy supplies, reduction in transmission
losses and raising the quality parameters of electric energy.

Manuscript received in August 1996

References

[1] Le K. D., Day J. T., Cooper B. L., Gibbons E. W.: A global optimization me-
thod for scheduling thermal generation, hydro generation, and economy pur-
chases, IEEE Transactions on Power Apparatus and Systems, Vol. PAS-102,
No. 7, July 1983.

[2] Luder H.A., Goldsmith K.: Hydraulische Speicheranlagen im Westeuro-
pischen Verbundbetrieb, Conference of Peak-Load Coverage, Budapest,
18-20.11.1969, B.4.

[3] Ein Halbes Jahrhundert mit Wasserkraft dabe, Schluchseewerk AG, Ire-
iburg, 1978.

[4] Vorarlberger Illwerke Aktiengesellschaft, Bregenz, 1987.



76

J. Wroblewski

[5]

[11]

Qtt B.: Planung und Konstruktion von Pumpspeicheranlagen in Frankreich,
Osterreichische Wasserwirtschaft. Jahrgang 37 (1985), Heft 1/2, 6787.

Art des Ininsatzes der Pumpspeicherwerke, UCPTE Arbeitsgruppe Hydrau-
lizitdt, Wien, Juli 1984.

Ferreira A., Carver C.E.: The importance to utilities of dynamic duty benefits
from pumped storage, Proc. International Symposium and Workshop on the
Dynamic Benefits of Energy Storage Plant Operation, Boston, May 7-11,
1984, 1418.

Wréblewski J.: Dynamiczne oddziatywanie elektrowni pompowych w systemie
elektroenergetycznym, Drugie Seminarium Naukowe nt. Planowanie 1 eksplo-
atacja systemow zaopatrzenia w energic poSwiecone pamieci Profesora K.
Kopeckiego (1904-1984), Politechnika Gdanska — Katedra Elektrowni i Go-
spodarki Energetycznej, Gdansk, 10-11 marca 1994, 173-186.

Dobosz W., Lewandowski S., Wréblewski J.: Polish pumped-storage plants in
the national grid and prospects for connecting with the UCPTE, Proceedings:
Hydropower Into the Next Century, Potential-Opportunities-Challenges -
Conference & Exhibition Barcelona (Spain), June 5-8, 1995, The Interna-
tional Journal on HYDROPOWER & DAMS. 401-413.

Biernacki T., Wréblewski J.: Service conditions of pumped starage in Polish
National Grid, Proc. Conference on Hydrodynamic Machines in Power Engi-
neering - HYDROTURBO 85 (Olomouc, 11-13.9.1985); Dum Tech. Ostrava
SVTS, 1985 (T.) 111, 205-214.

Kapron H., Chojnowski J., Grymuza W.: Badanie efektow systemowych wy-
nikajgcych z pracy interwencyjnej i requlacyjnej elektrowni wodnych i pom-
powych, Praca Instytutu Przetwarzania i Uzytkowania Energii Elektrycznej
Politechniki Lubelskiej, Lublin 1983.

Panichelli S., Salvaderi L.: Dynamic Benefits of Pumped Storage Plants: Why
& How?, Proc. International Symposium and Workshop on the Dynamic Be-
nefits of Energy Storage Plant Operation, Boston, May 7-11, 1984, 155-163.

Hellmann W.: Regulacja czestotlivwosci i mocy wymiany w potgczonych sys-
temach elektroenergetycznych w warunkach deficytu mocy, Archiwum Ener-
getyki, nr 3, 1981, 197-218.

Dynamic role of hydro-electric schemes to profit of large grids, Group of
Experts 30. HYDRODYN UNIPEDE: de Viron (Belgium), Cambi (Italy),
Dupuy (France), Erfjord (Norway), Heim (FRG), Lowen (United Kingdom),
Poseidon (Greece), Trzpit (France), Weis (Luxembourg), Wicklund (Swe-
den), Wréblewski (Poland). UNIPEDE-Congress, Kobenhavn, June 10-14,

1991,



=
=J

Techno-economic advantages of operation ...

[15]

[16]

[17]

[18]

23]

24]

23]

26]

Niski P.: Secondary Control, Primary Control, Materialy Dyrekeji Przesylu
Polskich Sieci Elektroenergetycznych S.A. Warszawa, sierpiefi 1995.

Kohn D.: Assessment of the Economic Benefits Associated with the Flexibility
of Hydroelectric Power Plants, Proc. International Symposium and Work-
shop on the Dynamic Benefits of Energy Storage Plant Operation, Boston,
May 7th - 11th, 1984, 184-194.

RWE Pumpspeicherwerk Herdecke-Koepchenwerk, Eberl GmbH, Immen-
stadt, 1989.

Ko.lejnos'é odstawiania i uruchomiania agregatow, Materialy Krajowej Dys-
pozycji Mocy w Warszawie, Warszawa, pazdziernik 1991.

Biernacki T.: Zbior lokalizacji elektrowni pompowych: Sobel, Roznéw II, Nie-
wistka, Kadyny, Pilichowice II, koreferat na zlecenie GBSiPE Energoprojekt,
Wydzial Hydrotechniki Politechniki Gdanskiej, Gdansk 1987.

Barlik H.: Uzasadnienie celowosci budowy elektrowni szczytowo-pompowej
Mtoty z punktu widzenia potrzeb krajowego systemu elekiroenergetycznego,
Materialy Paiistwowej Dyspozycji Mocy w Warszawie, Warszawa 1988.

Falba R.: Efekty uzyskiwane z eksploatacji elektrowni pompowych w Polsce na
podstawie dotychczasowych doswiadczeri PDM, Sympozjum Elektrownie pomn-
powe, doswiadczenia projektowe i eksploatacyjne, Gdansk 19-21 maja 1988,
Elektrownia Pompowo-Szczytowa Zarnowiec, Gdansk 1988.

Grochowski H., Rudnicki B., Staficzyk H., Falba R.: Badania zwigzane z za-
gadnieniem optymalizacji wykorzystania i sterowania pracq elektrowni wod-
nych i pompowych w systemie elektroenergetycznym. Praca Zespolu Rzeczo-
znawcéw SITWM NOT w Warszawie, Warszawa 1979.

Polish Power Industry 1993, Ministry of Industry and Trade, Energy Infor-
mation Centre, Warsaw, April 1994.

Kopecki K.: Energetyka w okresie kryzysu, ekspertyza Komitetu Problemow
Energetyki PAN, czerwiec 1982.

Filipowicz J., Danielewski J., Jaczewski M., Marecki J., Solifiski J.: Fner-
getyka jako czynnik i bariera rozwoju gospodarczego, ekspertyza Komitetu
Probleméw Energetyki PAN, Warszawa, grudzien 1986.

Rudnicki B. i zespdl: Zagadnienie mocy regulacyjnej we wspoczesnym sys-
temie elektroenergetycznym i rola energetyki wodnej w tym zakresie, Praca
SITWM NOT w Warszawie, Warszawa 1982.



78 J. Wroblewski

Korzysci techniczno-ekonomiczne systemu elektroenergetycznego z
tytulu pracy elektrowni pompowych

Streszczenie

Omoéwiono funkcje elektrowni pompowych w pracy systemu elektroenergetycznego. Podzielono je na
dwie grupy umowne: na tzw. funkcje bezposrednie (bezposrednio oddzialujace na ksztalt krzywej wytwa-
rzania w systemie) I na funkcje posrednie (posrednio oddzialujace na prace systemu). Sposréd funkcji
bezposrednich omdwiono: prace programowa, funkcje interwencyjna, funkcje regulacyjna, utrzymywanie
rezerwy wirujacej i operacyjnej rezerwy stojacej oraz prace kompensacyjna. Sposréd funkcji posrednich
opisano uspokojenie pracy elekirowni cieplnych, ograniczenie ich awaryjnosci, zmniejszenie zuzycia paliwa
na skutek dociazenia blokéw cieplnych w okresie pompowania i prace tych blokéw w poblizu optimum
sprawnosci, oraz inne korzysci techniczno-ekonomiczne systemu elektroenergetycznego niekiedy trudno,
badz w ogdle niewyliczalne w sensie finansowym. Artykul stanowi globalne usystematyzowanie zalet i
korzysci wynikajacych z pracy elektrowni pompowych zebranych na podstawie réznych Zrédet literatu-
rowych.




