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Tiivistelm& - Sammandrag - Abstract

Keksinto koskee menetelmaéa ja jarjestelyd vesivoiman kayttdmiseksi
sahkoverkon (110) tehoreservina. Joukkoa vesivoimageneraattoreita
(106) ajetaan, kutakin vastaavalla ldht6tehotasolla, sahkdenergian
syottamiseksi kokonaisldahtoteholla mainittuun sahkoverkkoon
(110). Mainitun sahkéverkon (110) vaihtovirran taajuutta tarkkaillaan
(204) oletustaajuusalueen poikkeamien havaitsemiseksi. Vasteena
mainitun oletustaajuusalueen poikkeaman havaitsemiseen jarjestetaan
sahkoenergiaa virtaamaan sédhkoenergiavaraston (201) ja mainitun
sahkoverkon (110) valilla. Mainitun vesivoimageneraattorien

joukon (106) mainitussa kokonaislahtétehossa kdynnistetaan
muutos ensimmaiseltd kokonaisldhtétehotasolta toiselle
kokonaislaht6tehotasolle. Sahkdenergian virtausta mainitun
sahkoenergiavaraston (201) ja mainitun séhkdverkon (110) vélilla
jatketaan niin kauan, ettd mainitun vesivoimageneraattorien

joukon (106) kokonaisldhtoteho on saavuttanut mainitun toisen
kokonaislahtdtehotason.

A method and an arrangement are provided for using hydroelectric
power as a power reserve of an electricity grid (110). A plurality of
hydroelectric power generators (106) are run, each at a respective
output power level. to supply electric energy at a total output power to
said electricity grid (110). An AC frequency of said electricity grid (110) is
monitored (204) to detect deviations from a default frequency range. As
aresponse to detecting a deviation from said default frequency range,
electric energy is made to flow between an electric energy storage (201)
and said electricity grid (110). A change is initiated in said total output
power of said plurality of hydroelectric power generators (106) from

a first total output power level to a second total output power level.
The flow of electric energy between said electric energy storage (201)
and said electricity grid (110) is continued for the duration of time it
takes for the total output power of said plurality of hydroelectric power
generators (106) to reach said second total output power level.

SUNSUSE SO

ENTTERY SANK




20185518 PrH 18 -08- 2023

10

15

20

25

30

35

METHOD AND ARRANGEMENT FOR USING HYDROELECTRIC POWER
AS A POWER RESERVE

FIELD OF THE INVENTION

The invention concerns generally the use of
power sources to maintain a steady and sufficient sup-
ply of electric energy to an electricity grid. In par-
ticular the invention concerns the use of one or more
battery banks together with one or more hydroelectric

power plants as power reserves of the grid.

BACKGROUND OF THE INVENTION

A high-voltage grid 1is the geographically
distributed backbone of electricity transmission. Pow-
er stations supply the grid with electric energy, and
at the consuming end are industrial companies, distri-
bution network companies, and ultimately individual
households. Losses in the grid sum up with the actual
loads to form the total demand of electric power. All
users should receive a sufficient amount of electric
power at all times, and the AC frequency of the grid
should remain as stable as possible. Simultaneously
the use of energy sources should be optimized. It is
important to maintain a balance between supply and de-
mand in the grid.

The AC frequency of the grid constitutes a
relatively reliable indicator of the balance between
supply and demand, so that excessive demand lowers the
frequency and vice versa. The operator responsible for
the grid may decide how wvarious levels of frequency
variation will trigger the use of power reserves. For
example in a grid the nominal AC frequency of which is
50 Hz, normal operation reserves may be used to main-
tain the frequency error below 0.2%, i.e. between 49.9

and 50.1 Hz. If the frequency decreases below 49.9 Hz
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and all normal operation reserves are in use already,
disturbance reserves are taken into use.

Owners of installations with controllable
power—-generating capability may sell some of this ca-
pability to a grid operator for use as a power re-
serve. As the general rule, agile power reserves (i.e.
ones that can react quickly and flexibly to variations
in demand) are more valuable than ones that take a
longer time to activate and that are slower to ramp up
or down according to need. This rule in power reserve
pricing may have significant economic consequences to
the owners of such installations that involve inherent
complicatedness, or other reasons for inherent delays,
in controlling the level of produced output power.

A prior art document is known by the follow-
ing bibliographic data: Schreider et al.: An auspi-
cious combination: Fast-ramping battery energy storage
and high-capacity pumped hydro. In: 12t International
Renewable Energy Storage Conference, IRES 2018, 13-15
March 2018, Diusseldorf, Germany. Edited by DROEGE, P.:
Energy Procedia, Elsevier Ltd. Vol. 155, pages 156-
164, TISSN 1876-6102.

Another known prior art document 1is the pa-
tent application published as CN 108173274 A. Tech-
nical background can be found in patent applications
published as US 2009/021011 Al and US 2013/090774 Al.

SUMMARY

It is an objective of the invention to pre-
sent a method and arrangement for using hydroelectric
power as a power reserve of an electricity grid in a
flexible and effective manner. A particular objective
of the invention is that a plurality of hydroelectric
power dJenerators could be made to respond to detected
changes in demand within a short time. A further ob-
Jective of the invention is that the method and ar-

rangement of the kind described above can be combined
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with drainage basin optimization in which the availa-
ble water flows of a drainage basin are used as effi-
ciently as possible within a framework of boundary
conditions.

The objectives of the invention are achieved
by combining the rapid use of an electric energy stor-
age to somewhat slower changes made in the total out-
put power level of a plurality of commonly controlled
hydroelectric power generators.

A method according to the invention is char-
acterized by the features recited in the characteriz-
ing part of the independent claim directed to a meth-
od.

An arrangement according to the invention 1is
characterized by the features recited in the charac-
terizing part of the independent claim directed to an
arrangement.

A computer program according to the invention
comprises one or more sets of one or more machine-
executable instructions that, when executed by one or
more processors, are configured to cause the perform-
ing of a method of the kind described above. The com-
puter program may be embodied on a volatile or a non-
volatile computer-readable record medium, for example
as a computer program product comprising at least one
computer readable non-transitory medium having program

code stored thereon.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings, which are included
to provide a further understanding of the invention
and constitute a part of this specification, illus-
trate embodiments of the invention and together with
the description help to explain the principles of the

invention. In the drawings:
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Figure 1 illustrates a plurality of hydroe-
lectric power generators 1in power plants along a riv-
er,

Figure 2 illustrates an arrangement according
to an embodiment,

Figure 3 illustrates a method according to an
embodiment,

Figure 4 illustrates changes in power 1in a
first example case,

Figure 5 illustrates changes in power 1in a
second example case, and

Figure 6 illustrates changes in power 1in a

third example case.

DETAILED DESCRIPTION

Fig. 1 illustrates schematically a first hy-
droelectric power plant 101 and a second hydroelectric
power plant 102 that are located within a common
drainage basin. Consequently their hydroelectric power
generators draw their operating powers from water
flows of the common drainage basin. Fig. 1 illustrates
a simplified case in which the first 101 and second
102 hydroelectric power plants are located in succes-
sion along a single river with no tributaries, so that
the upper waters 103, middle waters 104, and lower wa-
ters 105 are actually the same water flowing through
the system. In a real life drainage basin the water
circulation is much more complicated, including tribu-
taries; rainfall; evaporation; agricultural, industri-
al and municipal use; and other factors, but this sim-
plified model is sufficient for the following explana-
tion of some basic concepts.

A hydroelectric power generator comprises a
turbine 105, an associated generator 106, and an ar-
rangement of controllable gates 107 and channels 108
that affect the flow of water through the turbine 105.
A controllable coupling 109 couples the generator 106
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to an electricity grid 110. One hydroelectric power
plant may comprise a plurality of individually con-
trollable hydroelectric power dJgenerators. The way in
which the hydroelectric power Jgenerators supply elec-
tric energy to the grid 110 is based on an agreement
between the operator of the hydroelectric power plant
and the operator of the electricity grid.

In many cases a plurality of hydroelectric
power plants within a common drainage basin, like the
first 101 and second 102 hydroelectric power plants in
fig. 1, are run by a common operator. Typically, espe-
cially in large drainage basins, a single operator has
control over only some of the water flows within the
drainage basin: for example, the operator may run a
couple of hydroelectric power plants along a main riv-
er or river branch of the drainage basin. However, in
order to maintain generality, the concept of being lo-
cated within a common drainage basin is used here to
cover all cases where at least some of the same water
flows between two or more hydroelectric power genera-
tors for which a common operator (or a group of coop-
erating operators) is responsible.

An efficiency aim of the operator may be to
maximize the amount of electric energy obtainable from
hydroelectric power plants within the drainage basin.
Commercially the operator may aim to maximize the to-
tal obtainable price of electric energy produced by
hydroelectric power plants within the drainage basin.
Certain natural factors affect these possibilities.
For example, the more it rains within the upper parts
of the drainage basin, the more water is available for
running through the turbines and turning the genera-
tors. There are also regulatory boundary conditions,
like the upper and lower limits between which the wa-
ter surface level is allowed to vary in various parts
of the drainage basin, and the commitments that the

operator of the hydroelectric power plants has made
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with the operator of the electricity grid. Technical
features of the individual hydroelectric power dgenera-
tors constitute another set of boundary conditions
within which the operator must try to achieve said
aims.

Good understanding of the circulation of wa-
ter within the drainage basin is needed, because the
amounts of water in wvarious parts of the drainage ba-
sin are interlinked. For example 1if the gates 107 of
the first hydroelectric power plant 101 are opened
more, the surface level of the upper waters 103 goes
down and the surface level of the middle waters 104
begins to rise, eventually leading to a corresponding
rise also 1in the surface level of the lower waters
105.

Drainage system optimization algorithms have
been developed that take 1into account the natural,
regulatory, and technical boundary conditions and wa-
ter flow models within a drainage basin. An optimiza-
tion algorithm of this kind typically tackles a multi-
dimensional numerical optimization problem and looks
for obtaining a maximum of a value function (or a min-
imum of a penalty function). It may take measurement
data from various parts of the system as initial wval-
ues and experiment with parameter values that repre-
sent possible actions of the operator. Those actions
that seem to maximize the wvalue function are per-
formed, and the calculations are constantly repeated
so that any changes in the initial wvalues and/or
boundary conditions can be taken dynamically into ac-
count.

The AC frequency of the electricity grid 110
is an important indicator of the balance between sup-
ply and demand of electric energy. When exactly as
much electric energy 1s supplied to the grid as the
various consumers demand, the AC frequency is at a

nominal wvalue like 50 Hz or 60 Hz. Increasing demand
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tends to lower the AC frequency, while a momentary
surplus of supply tends to increase it. In practice
the operator of the electricity grid 110 has set a de-
fault frequency range within which the AC frequency
may vary. Deviations from the default frequency range
necessitate the activation of reserves. A frequency
drop of certain magnitude must be met by activating
more production capacity and/or by lowering the con-
sumption of certain large, controllable loads. Corre-
spondingly if the AC frequency of the grid rises above
the default frequency range, some production capacity
must be decoupled and/or the consumption of energy in
controllable loads must be increased.

The owner of a power reserve may receive sig-
nificant monetary advantage from the operator of the
electricity grid by committing to maintaining a cer-
tain amount of power reserve and to putting it into
use as agreed at the occurrence of a frequency devia-
tion. Some changes in the AC frequency of the elec-
tricity grid 110 may come suddenly and unexpectedly,
for example when a major power plant must be suddenly
closed down or decoupled from the electricity grid due
to unexpected technical problems. Power reserves are
the more valuable, the faster they can react to such
sudden and unexpected changes. Fastest changes that
may come 1nto consideration should take place essen-
tially immediately, or within seconds at the most.

Hydroelectric power has not been considered a
viable choice for use as a fast-reacting power reserve
because of the natural tardiness in controlling the
amount of produced power. If a drop is observed in the
AC frequency of an electricity grid and a command 1is
consequently given to a hydroelectric power dJenerator
to increase power, what physically happens is that one
or more gates are opened more, in order to make more
water flow through the turbine. The gates are heavy

structures the moving of which takes some time. Also
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it takes some time for the “additional” water to ac-
celerate into the required flow speed, and it takes
time for the rotating mass in the turbine and genera-
tor to acquire the new rotating speed.

Fig. 2 1illustrates an arrangement with which
hydroelectric power can be used as a power reserve of
an electricity grid. The arrangement of fig. 2 com-
prises a plurality of hydroelectric power generators
coupled to supply electric energy to an electricity
grid 110. In this example the hydroelectric power gen-
erators are located in two separate hydroelectric pow-
er plants 101 and 102. An example of a hydroelectric
power dJenerator 1is the hydroelectric power generator
of the first hydroelectric power plant 101, comprising
a turbine 105, an associated generator 106, and gates
107 for affecting the flow of water through the tur-
bine 105.

As a difference to the system of fig. 1 the
arrangement of fig. 2 comprises an electric energy
storage, which can be called a battery bank 201 for
short. The arrangement comprises also a controllable
coupling 202 between the battery bank 201 and the
electricity grid 110. The controllable coupling 202
may be a bidirectional coupling, so that it can be
made to allow electric energy to flow in both direc-
tions between the battery bank 201 and the electricity
grid 110. The controllable coupling 202 may comprise
controllable switching components, as well as compo-
nents needed to match the battery bank 201 and the
electricity grid 110 electrically to each other. For
example 1f the battery bank 201 is a DC device, the
controllable coupling 202 may comprise an inverter for
converting DC power taken from the battery bank 201 to
AC power before feeding it into the electricity grid
110. The controllable coupling 202 may comprise a rec-

tifier for converting AC power taken from the elec-
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tricity grid 110 to DC power before feeding it into
the battery bank 202.

A battery bank controller 203 is shown sepa-
rately in fig. 2, configured to control the battery
bank 201 as well as the controllable coupling 202 be-
tween the battery bank 201 and the electricity grid
110. The controller functionality may also be partly
or wholly integral with the battery bank 201 and/or
the controllable coupling 202.

The arrangement of fig. 2 comprises a fre-
quency monitor 204 that is configured to monitor an AC
frequency of the electricity grid 110. A control sys-
tem 205 1is coupled to receive detection information
from the frequency monitor 204 and configured to con-
trol, through the respective power plant controllers
206 and 207, a total output power level at which the
hydroelectric power dJgenerators supply electric power
to the electric grid 110. The control system 205 is
also configured to control, through the battery bank
controller 203, the controllable coupling 202 between
the battery bank 201 and the electricity grid 110.

The concept of a frequency monitor can be
considered more generally, so that the actual device
that physically monitors the AC frequency of the elec-
tricity grid 110 does not need to be an explicit part
of the arrangement. Rather, the act of physically mon-
itoring the AC frequency of the electricity grid 110
may take place somewhere else, at the responsibility
of someone else, who then delivers the results of such
monitoring in real time or essentially real time to
those parties that have committed to maintaining power
reserves. In such a case the frequency monitor 204 in
the arrangement of fig. 2 can be considered to be the
responding device that is responsible for receiving
the results of actual frequency monitoring from a de-
vice that physically monitors the frequency somewhere

else.
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The control system 205 is configured to take
into account a number of other aspects than just the
AC frequency of the electricity grid 110 in making the
controlling decisions. As examples, fig. 2 shows a
consumption forecaster 208, a weather forecaster 209,
various environment monitors 210, geography databases
211, regulations databases 212, and power plant log-
books 213. Of these, the consumption forecaster 209 is
configured to follow the consumption of electric ener-
gy from the electric grid 110 and to predict, how the
consumption of electric energy will develop in the
near future. The weather forecaster 209 is configured
to follow developments 1in weather to predict, how
weather conditions such as rainfall will affect the
possibilities of producing electric energy in the hy-
droelectric power generators.

Environment monitors 210 may comprise various
monitors such as water level sensors, wind sensors,
temperature sensors, and others. They may provide the
control system 205 with up-to-date initial wvalues in-
dicative of environmental parameters within the drain-
age basin. The control system 205 may store various
time series of readings that have been obtained from
the environment monitors 210, so that is has history
data from which it can make analyses of how environ-
mental conditions have developed.

The geography databases 211 contain infor-
mation about the geography of the drainage basin,
which is useful in simulating the future developments
in environmental conditions as well as simulating the
effects of the way in which water will flow through
the wvarious hydroelectric power plants within the
drainage basin. The geography databases 211 may con-
tain also time series of observed water flows within
various parts of the drainage basin.

Regulations databases 212 contain information

about the regulatory boundary conditions that must not
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be compromised. Other information that may be included
in the regulations databases 212 are for example time
series of energy prices, history data about the pric-
ing of power reserves, and the like. “Soft” regulatory
limits can be included, like recommendations about how
recreational use of the lakes and rivers should be
taken into account, and/or how water levels and water
flows affect the nature within the drainage basin.

Power plant logbooks 213 provide the control
system 205 with technical boundary conditions, includ-
ing but not being limited to factors such as capacity,
efficiency profiles, availability, and maintenance
schedules of the wvarious hydroelectric power genera-
tors that the control system 205 may control.

The possibility of using the arrangement of
fig. 2 as a fast power reserve of the electricity grid
110 is based on the fact that the controllable cou-
pling 202 can be activated essentially instantaneously
to make electric energy flow between the battery bank
201 and the electricity grid 110. We may first consid-
er a situation in which the control system 205 re-
ceives from the frequency monitor 204 detection infor-
mation indicative of a frequency drop, i.e. a devia-
tion of the AC frequency of the electricity grid 110
from the default frequency range in the decreasing di-
rection. Such a frequency drop means that more elec-
tric energy is momentarily consumed than produced. The
control system 205 may command, through the battery
bank controller 203, the battery bank 201 to feed ad-
ditional electric energy to the electric grid 110.
Particularly if solid-state (i.e. semiconductor) tech-
nology 1is wused in the controllable coupling 202,
changing the way in which electric energy flows be-
tween the battery bank 201 and the electricity grid
110 does not involve any moving parts and can be ac-
complished through giving appropriate wvalues for the

required electronic control signals.
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While the battery bank 201 is employed as the
rapidly switched power reserve, the control system 205
may initiate a change in the total output power of the
plurality of hydroelectric power generators it has at
its disposal. Again assuming for the time being that
the detected deviation of the AC frequency of the grid
was a frequency drop, the control system 205 may ini-
tiate a change from a first total output power level
to a second, higher output power level. Above it was
explained how such a change cannot take place instan-
taneously 1in hydroelectric power generation but in-
volves certain inevitable physical facts that make it
take some time. The control system 205 is configured
to continue to make electric energy flow between the
battery bank 201 and the electricity grid for the du-
ration of time it takes for the total output power of
said plurality of hydroelectric power dgenerators to
reach said second total output power level. The rate
at which the total output power level can be made to
change may be in the order of a megawatt per minute or
somewhat more or less. It can be for example about 0.8
megawatts per minute.

Based on 1its prior knowledge about the tech-
nical characteristics of the hydroelectric power gen-
erators the control system 205 may know, how much time
it takes to execute the desired change in total output
power and what kind of a profile the change will fol-
low. Additionally or alternatively the control system
205 may receive feedback measurements from the power
plant controllers 206 and 207, the feedback being dy-
namically indicative of the momentary output power of
each hydroelectric power generator. The control system
205 may dynamically control the power at which elec-
tric energy flows between the battery bank 201 and the
electricity grid, at each moment to correspond to a
remaining difference between a momentary output power

of the plurality of hydroelectric power generators and
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the second total output power level. This way the sum
of the electric power taken from the battery bank and
the electric power produced by the plurality of hydro-
electric power generators remains constant.

BAbove 1t was assumed that the detected devia-
tion of the AC frequency of the electricity grid 110
was a frequency drop, so consequently more power had
to be fed into the electricity grid 110. The same
principle can be applied, though, if the detected de-
viation of the AC frequency of the electricity grid
110 was a frequency overshoot, 1indicating a need to
feed less power to the electricity grid 110. As a dif-
ference to the procedure explained above, the step of
making electric energy flow between an electric energy
storage (the battery bank 201) and the electricity
grid 110 now involves using electric energy drawn from
the electricity grid 110 to charge the battery bank
201. Correspondingly the step of initiating a change
in the total output power of the plurality of hydroe-
lectric power generators means a change from a first
total output power level to a second, lower total out-
put power level.

The step of detecting a deviation from a de-
fault frequency range may be given some further con-
sideration. The most straightforward case is one where
the detecting of a deviation comprises detecting an
actual, occurred deviation, 1in which a measured AC
frequency of the electricity grid 110 is out of its
default frequency range. Additionally or alternatively
the principle of predictive detecting can be applied.
Said detecting of a deviation may comprise detecting a
so-called imminent deviation, 1in which a measured AC
frequency of said electricity grid exhibits a trend
that, if continued, leads to said measured AC frequen-
cy of said electricity grid going out of said default

frequency range.
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Farlier in this text it was pointed out that
in a case where said plurality of hydroelectric power
generators draw their operating power from water flows
of a common drainage basin, it is advantageous to ap-
ply a drainage system optimization algorithm when de-
cisions are made about the respective output power
levels of the hydroelectric power generators and about
the changes to be made in them. An advantageous place
where such a drainage system optimization algorithm
may be executed in the system architecture of fig. 2
is the control system 205; it is for this reason the
control system 205 is labeled a drainage system opti-
mization computer in fig. 2. The drainage system opti-
mization algorithm may aim at optimizing an amount of
electric energy obtainable from hydroelectric power
plants within said drainage basin. Additionally or al-
ternatively the drainage system optimization algorithm
may alm at optimizing factors like: a total obtainable
price of electric energy produced by hydroelectric
power plants within said drainage basin; a total effi-
ciency of the hydroelectric power generators; minimal
need of mechanical movements of gates; reactions to
icing and other causes of screen losses; distribution
in time of produced electric energy, for example in
terms of the period of production plans; and so on.

The desired output power level of the plural-
ity of hydroelectric power generators is a quite deci-
sive aim for the control system 205 to achieve and
maintain. In an optimization algorithm this can be
achieved for example by penalizing heavily any devia-
tion between the actual and desired total output power
levels, so that when the optimization algorithm tries
to find a maximum of the value function it would pre-
fer making decisions that bring the actual total out-
put power level very close to the desired total output
power level. Cases may occur, however, where from the

optimization viewpoint it 1is even more desirable to
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achieve some other aim, at the cost of not reaching
the desired total output power level. Thus even 1f at
least one of the first and second total output power
levels mentioned above may be selected on the basis of
executing the drainage system optimization algorithm,
running the plurality of hydroelectric power genera-
tors at the corresponding total output power level is
not a mandatory requirement.

When electric energy flows between the bat-
tery bank 201 and the electricity grid 110 (either for
supplying additional power from the battery bank to
the grid, or for draining excess power from the grid
to charge the battery bank) for a certain period of
time, the result is a change in the state of charge of
the battery bank 201. In order to make the battery
bank 201 properly prepared for the next possible need
it is advisable to maintain it in a predetermined de-
fault state of charge. This means that after said
change in the state of charge it is advisable to per-
form a corresponding reverse action during a subse-
quent period of time, so that in the end the state of
charge of the battery bank 201 returns to what it was
before said flowing of electric energy was initiated.

This so-called default state of charge can be
selected on the basis of certain assumptions about
what the battery bank 201 will be mostly used for. If
the probabilities of frequency drops and frequency
overshoots in the electricity grid 110 are equal, and
if an equal absolute amount of electric energy should
assumedly flow between the battery bank 201 and the
electricity grid 110 in each case, the default state
of charge may be 50% of the effective capacity of the
battery bank 201. Other selections are possible. For
example, one half of the effective capacity might be
reserved for use as a disturbance reserve, which will
only be used to counteract frequency drops that are

larger than a predetermined limit set by the operator
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of the electric grid. The other half of the effective
capacity of the battery bank could be reserved for use
as a normal operating reserve, which will be used to
counteract both smaller frequency drops and frequency
overshoots. In this case the default state of charge
may be 75% of the effective capacity of the battery
bank 201.

When the total output power level of the plu-
rality of hydroelectric power generators 1is changed,
in order to restore the battery bank to its default
state of charge it is advisable to first “exaggerate”
the change slightly, and only thereafter bring the to-
tal output power level to the actual desired value. In
other words, after the total output power of the plu-
rality of hydroelectric power generators has first
reached the second total output power level at a first
moment of time, said total output power of said plu-
rality of hydroelectric power generators may be made
to continue changing in the same direction. This con-
tinuing change may last until a second, later moment
of time. After that the total output power of the plu-
rality of hydroelectric power generators can be made
to return to said second total output power level at a
third, even later moment of time. Between said first
and third moments of time the battery bank is re-
charged if it was discharging before said first moment
of time, or discharged 1if it was charging before said
first moment of time.

Above 1t was already pointed out that the
battery bank 201 and its associated controllable cou-
pling 202 may react extremely fast to a detected devi-
ation from the default frequency range. Together with
the fact that the battery bank 201 may be capable of
temporarily meeting tThe occurred need of supplying
more power or draining excess power all by itself,
this can be used so that shortest deviations from the

default frequency range are counteracted with the bat-
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tery bank only, without making any changes to the to-
tal output power level of the plurality of hydroelec-
tric power generators. In order to determine, whether
the total output power level of the plurality of hy-
droelectric power dgenerators needs to be changed, the
control system 205 may first make electric energy flow
between the electric grid 110 and the battery bank 201
and then wait for a short duration of time to see,
whether the AC frequency of the grid will recover suf-
ficiently.

In other words, after the deviation from the
default frequency has been detected, the method ex-
plained here may comprise continuing to monitor the AC
frequency of the electricity grid 110 to detect,
whether the deviation from the default frequency per-
sists. The change 1in the total output power of the
plurality of hydroelectric power generators from a
first total output power level to a second total out-
put power level is then initiated only if said devia-
tion from said default frequency range 1is found to
persist.

Here 1t must be noted that making electric
energy flow between an electric energy storage (the
battery bank 201) and the electricity grid will typi-
cally make the AC frequency of the grid recover some-
what as such, because this is the mere purpose of us-
ing the electric energy storage. This means that a
persisting deviation from said default frequency range
is one in which the monitored AC frequency of the grid
does not return back into the default frequency range
with a sufficient margin indicating that the flow of
electric energy between the electric energy storage
and the grid can discontinued without thereby causing
a new deviation.

If the 1initial deviation from the default
frequency range is found not to persist, the method

may comprise executing an energy storage restoration
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process in order to bring the battery bank back into
its default state of charge. The electric energy stor-
age restoration process may comprise reciprocal chang-
es in the total output power of the plurality of hy-
droelectric power generators and the power at which
electric energy flows between the electric energy
storage and the electricity grid, until a target
charge level of said electric energy storage has been
reached. As an example, we may assume that a frequency
drop was first detected and the battery bank 201 was
consequently made to feed electric energy into the
grid 110. The frequency drop was found not to persist,
so the total output power level would not need to be
changed to meet any additional demand of power. Howev-
er, for a certain period of time the total output pow-
er level is increased anyway, 1in order to generate the
amount of electric energy that 1is needed to replenish
the battery bank 201 and bring it back to its default
state of charge.

Fig. 3 illustrates an embodiment of a method
in the form of a state diagram. In the wait state 301
each of the plurality of hydroelectric power genera-
tors 1is run at 1its respective output power level to
supply electric energy at a total output power to the
electricity grid. The wait state 301 comprises also
monitoring the AC frequency of the electricity grid to
detect deviations from a default frequency range.

As a response to detecting a deviation from
said default frequency range, electric energy is made
to flow between an electric energy storage and said
electricity grid. As a first example we may assume
that the deviation was a frequency drop 302, so a pro-
cess of discharging electric energy from the battery
bank to the electricity grid is initiated as illus-
trated by state 303. Had a frequency overshoot 304
been detected, the corresponding change of state would

have led to state 305, in which a process was initiat-
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ed to charge the battery bank with electric energy
drawn from the electricity grid.

Figs. 4 and 5 illustrate power levels in two
alternative cases that both refer to a detected fre-
quency drop. Here, as well as in fig. 3, it is assumed
that after making electric energy flow between the
electric energy storage, the control system will wait
for a while to examine whether the deviation persists
before making a decision to change a total output pow-
er level of the plurality of hydroelectric power gen-
erators. Fig. 4 concerns a case in which the deviation
was found to persist (“long” deviation 306 in fig. 3),
while fig. 5 concerns a case in which the deviation
was Tfound not to persist (“short” deviation 307 in
fig. 3). Both in fig. 4 and in fig. 5 the upper curve
represents the total output power of the plurality of
hydroelectric power gJgenerators, and the lower curve
represents the power at which electric energy flows
between the electric energy storage and the electrici-
ty grid. The units are arbitrary and only used for il-
lustrative purposes.

Moment A in fig. 4 is the moment at which the
frequency drop 1is detected. Between moments A and B
the battery bank feeds power into the electric grid at
the power of +2 units while the control system contin-
ues to monitor the AC frequency of the electricity
grid to detect, whether the frequency drop persists.
This happens to be the case, so following the condi-
tion “long” 306 in fig. 3 the control system proceeds
to set a new total power output level at state 308 and
to identify at state 309 that hydroelectric power gen-
erator (or those hydroelectric power generators) that
will be used to generate the required additional elec-
tric power.

At moment B the control system initiates a
change in the total output power of said plurality of

hydroelectric power generators from a first total out-
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put power level of 8 units to a second total output
power level of 10 units: the upper curve in fig. 4
turns upwards. Initiating the increase in total output
power corresponds to state 310 in fig. 3. Simultane-
ously the control system begins to reduce the power at
which electric energy is fed from the battery bank to
the electricity grid: the lower curve in fig. 4 turns
downwards.

Changing the two powers in concert, as illus-
trated with state 311 in fig. 3, means that between
moments B and C in fig. 4 the sum of electric powers
fed into the electricity grid from the plurality of
hydroelectric power denerators on one hand and the
battery bank on the other hand remains constant. In
other words, the power at which electric energy flows
between said electric energy storage and said elec-
tricity grid is dynamically controlled to correspond
to a remaining difference between a momentary output
power of said plurality of hydroelectric power genera-
tors and said second total output power level.

Shortly before moment C in fig. 4 the target
total output power 1level of the plurality of hydroe-
lectric power generators is reached (see condition 312
in fig. 3). The battery bank needs to be restored into
its default state of charge, for which reason the to-
tal output power of the plurality of hydroelectric
power generators 1s made to continue changing in the
same direction until a second, later moment of time.
This is moment C in fig. 4. The lower curve going be-
low the X-axis in fig. 4 means that the battery bank
begins to recharge, as illustrated with state 313 in
fig. 3.

At moment C the changes in total output power
of the plurality of hydroelectric power generators are
stopped, so that the total output power is slightly
above the eventually desired “second” output power

level of 10 units. Said total output power of said
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plurality of hydroelectric power generators 1is eventu-
ally returned to said second total output power level
at a third, even later moment of time, which is moment
E in fig. 4. Between moments C and E, the battery bank
is recharged because 1t had been discharging before
moment C. In other words the excess electric energy
produced by the plurality of hydroelectric power gen-
erators 1s conducted into the battery bank according
to some selected battery recharging strategy. If the
originally detected deviation had been a frequency
overshoot, restoring the battery bank into its default
state of charge would involve discharging it, because
in that case it had been charging before said first
moment of time.

In fig. 4 it is assumed that the power at
which the battery bank is recharged is significantly
lower than the power at which it was discharged, but
this is only an illustrative example, and the selected
recharging power level can be selected on the basis of
appropriate knowledge of the electric characteristics
of the battery bank (or, more generally: the electric
energy storage). In order to maintain the net power
available for others in the electricity grid constant,
it is advisable to make reciprocal changes in the to-
tal output power of the plurality of hydroelectric
power dgenerators and the power at which electric ener-
gy flows between said electric energy storage and said
electricity grid until a target charge level of said
electric energy storage has been reached. These recip-
rocal changes are seen in fig. 4 as the symmetric form
of the two curves through moments C, D, and E. In fig.
3 they constitute a part of state 314. Reaching the
default or target charge level of the battery bank as
in condition 315 of fig. 3 causes a transition back to
the wait state 301.

Fig. 5 illustrates changes in power when the

deviation (which is detected at moment F in fig. 5) is
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found not to persist. In fig. 3 this is the condition
“short” 307. At moment G the control system finds that
the AC frequency of the network is safely within the
default frequency range again, so no changes in the
total output power of the plurality of hydroelectric
power generations are needed, and the battery bank can
be decoupled from the electricity grid. However, the
electric energy that was taken from the battery bank
between moments F and G should be replenished. There-
fore the control system makes plans for an energy
storage restoration process, as illustrated by state
316 in fig. 3. Since there are now no particular needs
to react fast, the planned energy storage restoration
process can begin at any suitable moment in the near
future, and it may follow a profile that comprises on-
ly very smooth changes in power, if necessary.

When everything is ready for executing the
planned energy storage restoration process, as illus-
trated by condition 317 in fig. 3, a transition to
state 313 occurs. The total output power of the plu-
rality of hydroelectric power generators is temporari-
ly increased, beginning at moment H in fig. 5. Moments
I and J illustrate examples of moments at which the
power profiles associated with the planned energy
storage restoration process may change. At moment K
the battery bank has been restored to 1its default
state of charge. The energy storage restoration pro-
cess comprises reciprocal changes in said total output
power and the power at which electric energy flows be-
tween said electric energy storage and said electrici-
ty grid until moment K, as can again be seen from the
symmetricity of the upper and lower curves in fig. 5.

The lower part of the state diagram in fig. 3
is essentially a mirror image of the upper part, with
all frequency- and power-related terms inverted. Thus,
for example, while state 309 comprised identifying

that hydroelectric power generator or those hydroelec-
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tric power generators that were to be sped up, the
corresponding mirror image state 317 comprises identi-
fying that hydroelectric power generator or those hy-
droelectric power dJenerators that are to be slowed
down.

It may happen that all steps that are related
to one detected deviation from the default frequency
range have not yet been completed when another devia-
tion from the default frequency range 1s detected. In
such a case the reaction to the subsequent deviation
from the default frequency range must combine features
of corrective action taken as a response to the subse-
quent deviation with features that still remain from
the previous deviation.

Fig. 6 1i1s an example of such a combination.
What happens at moments A, B, and C 1is the same as in
fig. 4: a frequency drop is detected at moment A, the
deviation is found to persist at moment B, and the in-
itial change in the total output power of the plurali-
ty of hydroelectric power generators 1is completed at
moment C. However, at moment L a large frequency over-
shoot 1is suddenly detected, necessitating immediate
action to cut the amount of electric power fed into
the electricity grid.

A decision 1s made to bring the total output
power of the plurality of hydroelectric power genera-
tors back to 8 units as quickly as the physical con-
straints of the hydroelectric power plants allow. Sim-
ultaneously the power at which the battery bank is re-
charged is increased so that the net power fed into
the electricity grid is 8 units already. The power at
which electric energy flows from the electricity grid
to the battery bank is dynamically controlled to cor-
respond to a remaining difference between a momentary
output power of said plurality of hydroelectric power
generators and the 8 units total output power level,

until at moment M it is noticed that some additional
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recharging of the battery bank must still be done in
order to replenish all energy that was taken between
moments A and C. Therefore both curves level out be-
tween moments M and N, and ramp to their final values
in concert between moments N and O.

Several advantages can be gained through ap-
plication of embodiments of the invention. For exam-
ple, mechanical movements of gates 1in hydroelectric
power plants may be optimized, both so that unneces-
sary back-and-forth changes are minimized and so that
the rate at which mechanical movements are executed
can be chosen optimally. More time can be given for
the decision-making algorithm to decide about which
hydroelectric power generators should take part in
each change of the total output power, which may lead
to making more educated decisions with more advanta-
geous results. Changes 1in total output power can be
distributed more appropriately among the hydroelectric
power plants at various locations within the drainage
basin, which helps to balance the changes 1in water
levels and to avoid unwanted “flood waves” that could
propagate through the drainage system in a less opti-
mal case. Optimal decision-making may help to maintain
more water in store at the upper parts of the drainage
system, where 1t is more valuable because i1t has the
capacity of producing electric energy 1in all hydroe-
lectric power plants below.

It is obvious to a person skilled in the art
that with the advancement of technology, the basic
idea of the invention may be implemented in wvarious
ways. The invention and its embodiments are thus not
limited to the examples described above, 1instead they
may vary within the scope of the claims. As an exam-
ple, although advantageous it 1s not necessary to dy-
namically control the power at which electric energy
flows between said electric energy storage and said

electricity grid to correspond to a remaining differ-
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ty of hydroelectric power dgenerators and said second
total output power level. It is possible to e.g. allow
the battery bank to inject electric energy into the
electricity grid at full power all the way until the
plurality of  hydroelectric ©power generators has
reached its new, desired, “second” total output power
level. In such a control strategy the net effect on
the power produced (and, correspondingly, the net cor-
recting effect on the AC frequency of the electricity
grid) is first somewhat exaggerated, but this is not a
big problem as long as the net effect is not as large
as to cause a frequency deviation in the opposite di-

rection.
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CLATMS

1. A method for using hydroelectric power as
a power reserve of an electricity grid (110), compris-
ing:
- running a plurality of hydroelectric power genera-
tors (106), each at a respective output power level,
- monitoring (204) an AC frequency of said electricity
grid (110) to detect deviations (302, 304) from a de-
fault frequency range,
- as a response to detecting a deviation (302, 304)
from said default frequency range, making electric en-
ergy flow (303, 305) between an electric energy stor-
age (201) and said electricity grid (110)and initiat-
ing a change (310) in at least one of said respective
output power levels of said plurality of hydroelectric
power generators from a first output power level to a
second output power level to make a total output power
of said plurality of hydroelectric power generators
(106) change from a first total output power level to
a second total output power level, and
- for the duration of time it takes for the total out-
put power to reach (312) said second total output pow-
er level, supplying the electric energy produced by
said plurality of hydroelectric power generators (106)
to said electricity grid (110) and continuing (311) to
make electric energy flow between said electric energy
storage (201) and said electricity grid (110);
characterized in that:
- said plurality of hydroelectric power generators
(106) draw their operating power from water flows of a
common drainage basin while being located at different
parts of said drainage basin, so that at least some of
the same water flows between two or more of said hy-
droelectric power generators,
- at least one of said first and second output power
levels 1is selected (308) on the basis of executing a

drainage system optimization algorithm that optimizes
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at least one of: amount of electric energy obtainable
from hydroelectric power plants within said drainage
basin; a total obtainable price of electric energy
produced by hydroelectric power plants within said
drainage basin; a total efficiency of the hydroelec-
tric power generators; minimal need of mechanical
movements of gates; reactions to icing and other caus-
es of screen losses; distribution in time of produced
electric energy, and

- the power at which electric energy flows between
said electric energy storage (201) and said electrici-
ty grid (110) is dynamically controlled to correspond
to a remaining difference between a momentary total
output power of said plurality of hydroelectric power
generators and said second total output power level,
taking into account at least one of:

-- knowledge of how much time it takes to execute the
desired change between said momentary total output
power of said plurality of hydroelectric power genera-
tors and said second total output power level,

—-— feedback measurements from power plant controllers
(206, 207) of said plurality of hydroelectric power
generators (106), the feedback being dynamically in-
dicative of the momentary output power of each hydroe-

lectric power generator (106).

2. A method according to claim 1, wherein
sald detecting of a deviation (302, 304) comprises de-
tecting an occurred deviation, in which a measured AC
frequency of said electricity grid (110) is out of

said default frequency range.

3. A method according to any of the preceding
claims, wherein said detecting of a deviation (302,
304) comprises detecting an imminent deviation, in
which a measured AC frequency of said electricity grid
(110) exhibits a trend that, if continued, leads to
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sald measured AC frequency of said electricity grid

(110) going out of said default fregquency range.

4. A method according to claim 1, wherein the
change in the total output power of said plurality of
hydroelectric power generators (106) from said first
total output power level to said second total output
power level is made through a sequence of changes in
generator-specific output powers of at least two of
sald plurality of hydroelectric power generators,
wherein said sequence of changes is determined on the
basis of executing said drainage system optimization

algorithm.

5. A method according to any of the preceding
claims, comprising:
- after said total output power of said plurality of
hydroelectric power generators (106) has reached (312)
said second total output power level at a first moment
of time, making said total output power of said plu-
rality of hydroelectric power generators continue
changing (313) in the same direction until a second,
later moment of time,
- returning (314) said total output power of said plu-
rality of hydroelectric power generators to sald sec-
ond total output power level at a third, even later
moment of time, and
- between said first and third moments of time, re-
charging said electric energy storage 1if it was dis-
charging before said first moment of time, or dis-
charging said electric energy storage 1if it was charg-

ing before said first moment of tTime.

6. A method according to any of the preceding
claims, comprising:
- after said deviation (302, 304) from said default
frequency range has been detected, continuing to moni-

tor said AC frequency of said electricity grid to de-
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tect, whether said deviation from said default fre-
quency persists,

- initiating said change (310) in said total output
power of said plurality of hydroelectric power genera-
tors from a first total output power level to a second
total output power level only if said deviation from
said default frequency range is found to persist
(300) .

7. A method according to claim 6, comprising:
- if said deviation from said default frequency range
is found not to persist (307), executing an electric
energy storage restoration process that comprises re-
ciprocal changes (313, 314) in said total output power
and the power at which electric energy flows between
said electric energy storage (201) and said electrici-
ty grid (110) until a target charge level of said

electric energy storage (201) has been reached (315).

8. An arrangement for using hydroelectric
power as a power reserve of an electricity grid (110),
comprising:
- an electric energy storage (201),
- a controllable coupling (202) between said electric
energy storage (201) and said electricity grid (110),
- a plurality of hydroelectric power generators (106)
coupled to supply electric energy to said electricity
grid (110),
- a frequency monitor (204) configured to monitor an
AC frequency of said electricity grid (110), and
- a control system (205) coupled to receive detection
information from said frequency monitor (204) and con-
figured (203) to control said controllable coupling
(202) and a respective output power level of at least
one of said plurality of hydroelectric power genera-
tors (106);
wherein said control system (205) is configured to re-

spond to detection information indicative of a devia-
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tion (302, 304) of said AC frequency from a default
frequency range by:

- making electric energy flow (303, 305) between said
electric energy storage (201) and said electricity
grid (110),

- initiating a change (310) in said output power of at
least one of said plurality of hydroelectric power
generators from a first output power level to a second
output power level to make a total output power of
said plurality of hydroelectric power generators (106)
change from a first total output power level to a sec-
ond total output power level, and

- continuing (311) to make electric energy flow be-
tween said electric energy storage (201) and said
electricity grid (110) for the duration of time it
takes for the total output power to reach (312) said
second total output power level;

characterized in that:

- said plurality of hydroelectric power generators
(106) draw their operating power from water flows of a
common drainage basin while being located at different
parts of said drainage basin, so that at least some of
the same water flows between two or more of said hy-
droelectric power generators,

- said control system (205) is configured to select
(308) at least one of said first and second output
power levels on the basis of executing a drainage sys-
tem optimization algorithm that optimizes at least one
of: amount of electric energy obtainable from hydroe-
lectric power plants within said drainage basin; total
obtainable price of electric energy produced by hydro-
electric power plants within said drainage basin; a
total efficiency of the hydroelectric power genera-
tors; minimal need of mechanical movements of gates;
reactions to icing and other causes of screen losses;
distribution in time of produced electric energy, and

- said control system (205) is configured to dynami-
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between said electric energy storage (201) and said
electricity grid (110) to correspond to a remaining
difference between a momentary total output power of
sald plurality of hydroelectric power generators and
said second total output power level, taking into ac-
count at least one of:

-- knowledge of how much time it takes to execute the
desired change between said momentary total output
power of said plurality of hydroelectric power genera-
tors and said second total output power level,

—-— feedback measurements from power plant controllers
(206, 207) of said plurality of hydroelectric power
generators (106), the feedback being dynamically in-
dicative of the momentary output power of each hydroe-

lectric power generator (106).

9. An arrangement according to claim 8,
wherein said control system (205) is configured to de-
termine and execute a sequence of changes in genera-
tor-specific output powers of at least two of said
plurality of hydroelectric power generators (106),
wherein said determining is made on the basis of exe-

cuting said drainage system optimization algorithm.
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PATENTTIVAATIMUKSET

1. Menetelma vesivoiman kayttamiseksi sahko-
verkon (110) tehoreservinad, Jjoka menetelma kasittaa
seuraavaa:
— ajetaan joukkoa vesivoimageneraattoreita (106), ku-
takin vastaavalla lahtotehotasolla,
- tarkkaillaan (204) mainitun sahkdéverkon (110) wvaih-
tovirran taajuutta oletustaajuusalueen poikkeamien
(302, 304) havaitsemiseksi,
- vasteena mainitun oletustaajuusalueen poikkeaman
(302, 304) havaitsemiseen jarjestetdaan sahkdenergiaa
virtaamaan (303, 305) sahkoenergiavaraston (201) ja
mainitun sahkoverkon (110) wvalilla, ja kaynnistetaédn
muutos ainakin yhden mainitun vesivoimageneraattorin
mainitussa lahtdtehossa ensimmaiseltd lahtotehotasolta
toiselle lahtotehotasolle mainittujen vesivoima-
generaattorien kokonaislahtotehon muuttamiseksi ensim-
maéiseltd kokonaislahtdtehotasolta toiselle kokonais-
lahtotehotasolle, ja
- niin kauan kunnes mainittu kokonaislahtéteho on saa-
vuttanut (312) mainitun toisen kokonaislahtotehotason,
sybtetddn mainittujen vesivoimageneraattorien (106)
tuottamaa sahkdenergiaa mainittuun sahkoverkkoon (110)
ja jatketaan (311) sahkbenergian jarjestamista virtaa-
maan mainitun sahkdenergiavaraston (201) ja mainitun
sahkoverkon (110) wvalilla;
tunnettu siita, etta
- mainittu joukko vesivoimageneraattoreita (106) ottaa
kayttdotehonsa yhteisen valuma-alueen vesivirtauksista
sijaiten mainitun valuma-alueen eri osissa niin, etta
ainakin osittain sama vesi virtaa kahden tai useamman
mainituista vesivoimageneraattoreista valilla,
- ainakin yksi mainituista ensimmaisestd ja toisesta
lahtotehotasosta valitaan (308) valumajarjestelman op-
timointialgoritmin suorittamisen perusteella, Jjossa

optimointialgoritmi optimoi ainakin yhden seuraavista:
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sahkdenergian maara, joka on saatavissa mainitulla va-

luma—-alueella olevista vesivoimalaitoksista; mainitul-

la valuma-alueella olevien vesivoimalaitosten tuotta-

man sahkdenergian saatavissa oleva kokonaishinta; ve-

sivoimageneraattorien kokonaishydtysuhde; porttien me-

kaanisten liikkeiden pienin tarv
seen ja muihin seulahavididen sy

energian Jjakautuminen ajallisest

e; reaktiot jaatymi-

ihin;

i; Jja

tuotetun sahko-

- ohjataan dynaamisesti tehoa, jolla mainitun s&ahko-

energiavaraston (201) ja mainitun s&hkdéverkon (110)

valilla virtaa sahkdenergiaa, vastaamaan jaljelld ole-

vaa eroa mainittujen vesivoimageneraattorien hetkelli-

sen kokonaislahtotehon ja mainitun toisen kokonaislah-

totehotason valilla ottaen huomioon ainakin yhden seu-

raavista:

-— tieto siita, kauanko kestaa tehda aiottu muutos

mainitun hetkellisen kokonaislahtotehon ja mainitun

toisen kokonaislahtotehotason valillsa,

-- takaisinkytkentamittaukset mainittujen vesivoima-

generaattorien (106) ohjaimista

(206,

207), Jotka ta-

kaisinkytkentamittaukset indikoivat dynaamisesti kun-
hetkellista 1&htote-

kin vesivoimageneraattorin (106)

hoa.

2. Patenttivaatimuksen 1 mukainen menetelmi,

jossa mainittu poikkeaman (302,

304) havaitseminen ka-

sittaa tapahtuneen poikkeaman havaitsemisen, jossa

mainitun sahkoverkon (110) mitattu vaihtovirran taa-

juus on mainitun oletustaajuusalueen ulkopuolella.

3. Jonkin edellisista patenttivaatimuksista

mukainen menetelma, Jjossa mainittu poikkeaman (302,

304) havaitseminen kasittaa tulevan poikkeaman havait-
kon (110) mitattu

vaihtovirran taajuus edustaa suuntausta, Jjoka jatkues-

semisen, Jjossa mainitun sahkover

saan johtaa mainitun sahkoverkon

(110)

mainitun mita-
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tun vaihtovirran taajuuden siirtymiseen mainitun ole-

tustaajuusalueen ulkopuolelle.

4, Patenttivaatimuksen 1 mukainen menetelmi,

Jjossa mainittu muutos mainitun vesivoimageneraattorien

Jjoukon kokonaislahtotehossa ensimmaiselta kokonaislah-
totehotasolta toiselle kokonaislahtdtehotasolle teh-

daan sarjana muutoksia mainitun vesivoimageneraatto-

rien joukon ainakin kahden vesivoimageneraattorin ge-

neraattorikohtaisissa lahtotehoissa,

jossa mainittu

sarja muutoksia madritetddan mainitun valumajarjestel-

maén optimointialgoritmin suorittamisen perusteella.

5. Jonkin edellisista patenttivaatimuksista

mukainen menete

- sen jalkeen,

Im&, joka kasittad seuraavaa:

kun mainittujen vesivoimageneraattorien

(106) kokonaislahtoteho on saavuttanut

(312) mainitun

toisen kokonaislahtotehotason ensimmadisellada ajanhet-

kella, Jarjestetddn mainittujen vesivoimageneraatto-

rien mainittu kokonaislahtdéteho jatkamaan muuttumista

(313) samassa suunnassa toilseen,

keen saakka,

- palautetaan (

mybdhempaan ajanhet-

314) mainittujen vesivoimageneraatto-

rien mainittu kokonaislahtodteho mainitulle toiselle

kokonaislahtotehotasolle kolmannella,

la ajanhetkella

, Ja

vield myShemmal-

- mainittujen ensimmdisen ja kolmannen ajanhetken va-

lissd varataan uudelleen mainittua sahkdenergiavaras-

toa, jos se o0li purkautumassa ennen mainittua ensim-

maista ajanhetk

varaston varaus

ed, tal puretaan mainitun sahkdenergia-

ta, jos se o0li varautumassa ennen mai-

nittua ensimmé&ista ajanhetkea.

6. Jonkin edellisistd patenttivaatimuksista

mukainen menete
- sen jalkeen,

nittu poikkeama

Im&, joka kasittad seuraavaa:

kun mainitun oletustaajuusalueen mai-

(302,

304)

on havaittu,

Jatketaan mai-
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nitun sahkoéverkon mainitun vaihtovirran taajuuden
tarkkailemista sen havaitsemiseksi, Jjatkuuko mainitun
oletustaajuuden mainittu poikkeama,

- kaynnistetdan mainittu muutos (310) mainittujen ve-
sivoimageneraattorien mainitussa kokonaislahtdtehossa
ensimmaiseltd kokonaislahtdtehotasolta toiselle koko-
naislahtdétehotasolle vain silloin, jos mainitun ole-
tustaajuusalueen mainitun poikkeaman havaitaan jatku-
van (306).

7. Patenttivaatimuksen 6 mukainen menetelmd,
joka kasittaa seuraavaa:
— jos havaitaan, ettd mainitun oletustaajuusalueen
mainittu poikkeama ei jatku (307), suoritetaan sahko-
energiavaraston palautusprosessi, Jjoka kasittaa resi-
prookkisia muutoksia (313, 314) mainitussa kokonais-
lahtotehossa ja tehossa, jolla mainitun s&hkdenergia-
varaston (201) ja mainitun sahkoverkon (110) wvalilla
virtaa sé&hkdenergiaa, kunnes mainitun sdhkdenergiava-

raston (201) tavoitevaraustaso on saavutettu (315).

8. Jarjestely vesivoiman kayttamiseksi sahko-
verkon (110) tehoreservind, joka Jjarjestely kéasittaa:
- sahkdenergiavaraston (201),

- ohjattavan kytkennan (202) mainitun sahkdenergiava-
raston (201) ja mainitun sahkoverkon (110) wvalissa,

- joukon vesivoimageneraattoreita (106), jotka on kyt-
ketty syottamdan sahkdenergiaa mainittuun sahkoverk-
koon (110),

- taajuuden tarkkailulaitteen (204), Jjoka on sovitettu
tarkkailemaan mainitun sahkoverkon (110) wvaihtovirran
taajuutta, ja

- ohjausjarjestelman (205), joka on kytketty vastaan-
ottamaan havaitsemisinformaatiota mainitulta taajuuden
tarkkailulaitteelta (204) ja sovitettu (203) ohjaamaan
mainittua ohjattavaa kytkentaa (202) ja kunkin maini-

tun vesivoimageneraattorin (106) vastaavaa lahtoteho-
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tasoa;

jossa mainittu ohjausjarjestelma (205) on
reagoimaan havaitsemisinformaatioon, joka
nitun vaihtovirran taajuuden poikkeamaa (3
oletustaajuusalueelta:

— jarjestaméalla sahkdenergiaa virtaamaan (
mainitun sahkoenergiavaraston (201) ja mai
verkon (110) wvalilla,

- kaynnistamalla muutos (310) ainakin yhde
vesivoimageneraattorin vastaavassa lahtote
maiseltd kokonaislahtdtehotasolta toiselle
lahtotehotasolle mainittujen vesivoimagene
kokonaislahtdétehon muuttamiseksi ensimmais
naislahtdétehotasolta toiselle kokonaislaht

le, Ja

sovitettu
indikoi mai-
02, 304)

303, 3005)

nitun sahko-

n mainitun
hossa ensim-
kokonais-
raattorien
elta koko-

Otehotasol-

- jatkamalla (311) sahkbenergian jarjestamista virtaa-

maan mainitun sahkodenergiavaraston (201) J
sahkdoverkon (110) wvalilla niin kauan, etta
vesivoimageneraattorien kokonaislahtoteho

nut (312) mainitun toisen kokonaislahtdteh
tunnettu siita, etta

- mainittu joukko vesivoimageneraattoreita

a mainitun
mainittujen
on saavutta-

otason;

(106) ottaa

kayttdotehonsa yhteisen valuma-alueen vesivirtauksista

sijaiten mainitun valuma-alueen eri osissa
ainakin osittain sama vesi virtaa kahden t
mainituista vesivoimageneraattoreista vali
- mainittu ohjausjarjestelma (205) on sovi

semaan (308) ainakin yksi mainituista ensi

niin, etta
al useamman
113,

tettu valit-

mmaisesta ja

toisesta lahtotehotasosta valumajadrjestelman optimoin-

tialgoritmin suorittamisen perusteella, Jjo
mointialgoritmi optimoi ainakin yhden seur
sahkdenergian maara, Jjoka on saatavissa ma
luma-alueella olevista vesivoimalaitoksist
la valuma-alueella olevien vesivoimalaitos
man sahkoenergian saatavissa oleva kokonai

sivoimageneraattorien kokonaishyotysuhde;

ssa opti-
aavista:
initulla va-
a; mainitul-
ten tuotta-
shinta; ve-

porttien me-
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kaanisten liikkeiden pienin tarve; reaktiot jaatymi-
seen ja muihin seulahavididen syihin; tuotetun sahko-
energian Jjakautuminen ajallisesti; Jja

- mainittu ohjausjarjestelma (205) on sovitettu ohjaa-
maan dynaamisesti tehoa, jolla mainitun s&hkdenergia-
varaston (201) ja mainitun sahkoverkon (110) wvalilla
virtaa sahkdenergiaa, vastaamaan Jjaljelld olevaa eroa
mainittujen vesivoimageneraattorien hetkellisen koko-
naislahtdétehon ja mainitun toisen kokonaislahtotehota-
son valilld ottaen huomioon ainakin yhden seuraavista:
-— tieto siita, kauanko kestaa tehda aiottu muutos
mainitun hetkellisen kokonaislahtotehon ja mainitun
toisen kokonaislahtotehotason valillsa,

-- takaisinkytkentamittaukset mainittujen vesivoima-
generaattorien (106) ohjaimista (206, 207), Jjotka ta-
kaisinkytkentamittaukset indikoivat dynaamisesti kun-
kin vesivoimageneraattorin (106) hetkellista lahtote-

hoa.

9. Patenttivaatimuksen 8 mukainen jarjestely,
jossa mainittu ohjausjarjestelma (205) on sovitettu
maarittamédan ja suorittamaan sarja muutoksia mainitun
vesivoimageneraattorien (106) joukon ainakin kahden
vesivoimageneraattorin generaattorikohtaisissa 1ahto-
tehoissa, jossa mainittu madrittédminen tehdadn maini-
tun valumajarjestelmdn optimointialgoritmin suoritta-

misen perusteella.
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