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Abstract - The possibility of usage of one of the most
conventional and affordable local renewable energy resources —
water resources of small and medium-sized rivers, in Latvian
energy sector has been analyzed. The already known material of
this issue, which has been obtained on the basis of previous
studies by other authors published in different sources that vary
in certainty and reliability, is presented. Actually the presence of
this material to some extent was the basis of further research in
this direction. Development of the algorithm of small hydropower
optimization is in fact the basis of its control system and is based
on dynamic programming. The approbation of algorithm is

performed on the example of optimization of certain
hydropower.
Keywords - Small hydroelectric power plant (SHPP),

renewable sources, algorithm of operation.

I. INTRODUCTION

All energy resources on the Earth are the products of the
solar activity. These resources can be divided into two main
groups: those accumulated by nature (in most cases - non-
renewable); and not accumulated, but constantly renewable.
The first group includes biomass (renewable resource) and all
reserves of fossil fuel: oil, coal, shale, peat, underground gases
and thermonuclear and nuclear energy. The second group
includes the majority of renewable resources: the solar
radiation, wind, river (water), ocean waves and tides, as well
as the internal heat of the Earth. Renewable energy sources are
renewed continuously, without time limit, but the use of
traditional fuels is limited with the amount of their reserves.

All of the listed explains the obvious fact that in the last
decade is increased the interest of renewable energy resources
development, as for untraditional - solar, geothermal, wind
power, and also as for traditional, to which the first place is
ascribed to the hydraulic energy of rivers. The usage of
hydraulic energy of rivers is explained with the fact that
complicated structure of electricity supply is increasing. The
last one is caused with economic development of the
territories covered by the centralized power. Those conditions
cause the autonomic small capacity generators usage operating
by using local energy resources, especially hydro resource of
small rivers [1, 2].

Development of renewable energy technologies and small
energy generation creates conditions to stimulate consumers to
install personal generating capacity. In the latter case, the term
"distributed generation" is used. This term is used to define
different energy sources of limited size, renewable energy
resources and conventional ones, that are connected directly to
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the distribution network [3,4]. The main advantage of
distributed generation is the reduction of operating and capital
costs while providing peak loads, improvement of power
quality, possibility to increase the time for the technical
renovation of power systems, reducing of transmission losses,
improvements of the reliability of power supply, etc. [5].

II. THE MODERN CONCEPT OF ENERGY DEVELOPMENT

The modern concept of power industry development is
based on creation of smart grids, smart meters, multilevel
generation control system, distribution and consumption of
electricity, use of digital technologies [6-13, 17].

In Europe, the concept of Smart Grid is associated with the
integration of renewable energy of power systems and the
formation of active and adaptive qualities of distribution
networks (e.g., self-diagnosis and self-recovery). In addition,
emphasis is placed on accounting devices that are connected to
a single information network and it allows optimizing energy
consumption at different periods of a day.

Creation of Smart Grid concept has set itself to solve the
following key objectives:

- to increase supply reliability and dependability of the EPS;

- to improve energy efficiency;

- to protect environment.

Key development segments of Smart Grid-technologies are:

- consideration of energy;

- automation of distribution networks;

- management and monitoring of electrical equipment;

- automation of the main electric networks and key substations
and control of flows;

- electrical networks and acquisition of consumers;

- non-conventional and renewable energy sources.

III. SMALL HYDROPOWER ENGINEERING

Modern hydropower engineering compared to other
conventional forms of electric power engineering is the most
economical and environmentally friendly way to generate
electricity. Small hydropower engineering goes even further in
this case. Currently, there are not single worldwide criteria of
adding HPPs to the category of the small ones. Moreover, in
some countries these criteria are changing with time. The
range of installed powers sorting out HPP to the category of
small ones is quite wide in different countries - from 2 till 30
thousands kW [1,12]. In Latvia a small HPP is a HPP with
power 5 MW or less.

There are many factors in the world that contribute to
increased attention of the development of small hydropower
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engineering, but the main factor that is necessary to admit is
already the high level of the mastered part of hydropower
engineering resources, which could be wused for the
construction of large hydroelectric power stations HPP [12].

SHPP can preserve the natural landscape and does not
affect the environment, not only during the exploitation, but
also in the process of construction. A negative impact on water
quality does not occur; it fully retains its natural properties at
the subsequent exploitation. Fish remains in rivers, water can
be used to supply population.

Unlike other renewable energy sources such as sun and
wind, small hydropower engineering is almost independent of
weather conditions and it is able to provide stable supply of
cheap electricity to consumer.

Another advantage of the small hydropower engineering is
economical efficiency. Under such conditions when natural
sources of energy (oil, natural gas, coal) are due to be finished,
constantly becoming more expensive, the use of cheap and
affordable renewable energy of rivers, especially small ones
allows producing  cheap electricity. In addition, the
construction of small hydropower engineering (compared to
large hydropower facilities) is low-cost and it pays back
quickly. SHPP can be put into operational within 15 - 18
months [1]. The main action to reduce the impact on water
resources is the minimization of the reservoir which is not
typical for SHPP. Construction of the dam is only necessary in
some cases for the accumulation of resources (water) or for
the creation of hydraulic pressure in areas with flat
topography.

SHPP does not create significant environmental damage,
even in the case when an artificial water reservoir is created in
order to regulate the water level in the upper part of the river.
Water in river behind the dam is filled with the air with the
help of special equipment, resulting the increase of oxygen
content in the water. Screens and barriers are used to control
movement of fish, including acoustic screens and barriers.
Special fish conductors are constructed in case of presence of
migratory fish species allowing fish to move upstream. In
general, the impact of small hydropower engineering on fish
and aquatic ecosystems is negligible, except the cases when
special protective measures are not used.

It is necessary to note that the negative impact on the
environment, which is typical for large hydro power station
(violation of thermal, hydraulic and climate condition of the
area), is not characteristic for SHPP, which in most of the
cases use natural pressure of the water without the need of
large-scale construction of hydro engineering structures.

It is easy to note that the development of the previously
listed key segments of the modern concept of energy is
directly related to small hydropower engineering.

IV. WATER RESOURCES USE IN LATVIA

The problem of using water resources in Latvia has always
been relevant, regardless of the nature of the economic system
of the country [12-14]. According to data [12] the theoretical
(the maximum possible capacity of energy resource) and
technical (part of the theoretical potential, which can be
practically used in the current level of science and
technology), potentials of small hydropower engineering of

the Baltic region are respectively 6.1 and 2.4 billion KW-h.
The use of technical potential volume of water resources is
limited due to shortcomings of existing technologies and
equipment for the production of electricity using the current
water flow of rivers. Technical potential is growing with the
improvement of equipment and development of new
technologies.

Economic (commercial) potential (part of technical
potential, the development of which is economically feasible
under present conditions, at the current level of prices for
equipment, materials, labor, and competing energy resources)
water resources is even less. The latter is explained by various
constraints: economic, environmental, social, legal, etc.

Nowadays to set overall economic potential of small
hydropower engineering in Latvia is almost impossible
because of the lack of reliable technical and economic
indicators of all the natural and economic conditions of the
structure and construction of small hydropower plants. A
research for cost-effective technical solutions for SHPP is
conducted and requires the development of methods of cost-
effectiveness studies, almost no energy schemes using small
rivers. Based on the fact that the main directions of
development of small hydropower engineering in the next 10-
15 years will be re-entry and recovery of decommissioned
SHPP and mills, modernization and reconstruction of existing
facilities, the issue of using common available resource public
of small hydropower engineering is still open.

Final decision of the issue is being delayed by supporters of
environmental protection ("green"), giving their arguments
about inevitable environmental violations of increasing share
of water potential of small rivers. In this turn, the opponents of
the use of water resources potential of rivers absolutely do not
consider the loss in the economy caused by the lack of
electricity, which affects the social conditions of its
inhabitants. It is appropriate to remind the supporters of one of
the bad decisions (to halt construction of the Daugavpils HPP)
that has been made by government under the pressure of
"green", which had a negative impact not only on the
development of hydropower engineering, but on the entire
economy of the country [15]. As a promising alternative to the
construction of the proposed Daugavpils HPP has been offered
to use the energy of waves along the coast of the Baltic Sea. It
has been over 20 years since the fateful decision, but the
alternative to Daugavpils HPP did not find any practical
implementation.

At present time to remedy the situation would not be able
even the cancellation of the decision that was made in 1988,
the decision to halt construction of the Daugavpils HPP (with
the capacity of 300 MW according to project), in relation with
the alleged impairment of the ecological situation in the
territory of Latvia and Belarus. In connection with the
acquisition of the status of independent states of Latvia and
Belarus the realization of this project was quite impossible for
objective reasons. Implementation of other Latvia construction
projects of power plants of the same capacity on the Daugava
River will lead to huge financial costs and an even greater
negative impact on the environment because of the necessity
to build a reservoir.

Latvian government has state support to producers of
electricity using renewable energy resources, particularly
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energy resources (water energy) SHPP. Latvia has more than
200 medium and small rivers with about 547 places suitable
for construction of SHPP [13-14]. At the present time, the
number of SHPP is more than 140. These HPP can sell their
produced electricity at a price higher than the average buying
cost. For example in 2011, this price was 3.7 times higher than
the average buying cost.

The material presented below constitutes a part of the
author's studies issues of SHPP in Latvia, to improve the
efficiency of their operation, operating independently and as a
part of the power system.

V.GENERAL INFORMATION OF SHPP

As far as it is known, the energy of water in nature exists in
three forms: mechanical, thermal and chemical. Under
mechanical power the ability of water to fulfill the work while
falling is meant. The amount of this work is determined by the
production of mass m of the falling water of the covered
distance S

A,=m-S, kgm. (1

Depending on water conditions (rest or motion) there are
two types of energy state: potential and kinetic. Potential (or
rest energy) is the characteristic for the water raised state only.
Particularly in this state there is standing water (lakes, ponds,
swamps) in relation to lowlands. The lowest level, in relation
to which the potential energy is determined, is the average
level of the mouth relatively to the sea. Raised water on high
ground, due to its circuit in nature, accumulates in its mass
potential energy of the sun in the form of potential energy.
Once the water makes a movement or flow, it performs the
job. In this case, the accumulated potential energy in the mass
of water is released and converted into kinetic energy (energy
of motion). An kinetic energy is determined as
kgm - (2)

2
m-v
4, = 7

where v - the falling speed (movement) of water, m/s.
Conversion of mechanical energy of free-flowing river
water into electricity is produced in hydropower plants.
Hydropower is a type of mechanical energy of water. The
amount of this energy is expressed by the well known formula
A,=y-W-H, 3)

where A4 » - potential energy, kgm; W — the water volume , m ;
y - water volume density (¥ =1000 kg/m3) and H — water
drop height (H = hy —h, ), m.

If would be used some amount of water /¥ in time interval ¢
(sec.) then will get amount of water flow per second (m*/sec.)

0-". o)

If O is considered in (2) expression, hydraulic energy is
converted to the general form (kgm)
4, =7-Q-H-t )
Time unit’s amount of the work done is called as capacity
and it is measured (kgm/sec.)

P=1000-0-H 6)
and could be expressed in kilowatts (1 k=102 kgm/sec)
P=981-0-H @)

12

The capacity of hydro unit is determined with the
expression, KW:

Popp =981-11p,-Q-H - (3)
where 7, - efficiency factor of hydro unit in relative
units: 74 = Nyup Mg » Where 1, - turbine efficiency factor
in relative units; 7, - generator efficiency factor in relative

units.
In general 77 is the function of pressure A and used amount

O of water, i.e.
n=nH,Q) )

This function is formulated either in the form of a graph or
a polynomial, approximating dependence (9). In the exact
model it is necessary to take into account that the pressure of
H (mainly due to changes in the level of the lower river level)
depends on the water flow of the given interval of time and the
water consumption in the preceding intervals (due to changes
in the level of the upper river level).

In the calculation of any HPP regime it is a must to provide
information to its hydraulic units. This information is
contained in the so-called "universal" characteristics of
hydraulic turbines [18-19]. Universal characteristics of
hydraulic turbines are lines of efficiency 77 in coordinates:

shaft power turbine (P) - pressure (H). Specifications are
submitted by the manufacturer (based on model tests of
hydraulic turbines in the laboratory) or are based on real
hydraulic turbines tests at existing HPP. Figure 1 shows an
example of the form of a universal characteristic for radial-
axial turbine PO -211.

H,m T
7 =280% 0 93 93 90

W11 )y
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Fig.1. Operating universal characteristic of radial-axial turbine PO-211,
D1=4,1 m, n=125rot/min: AA’ — turbine’s 5% capacity reserve line , A’A”’—
generator capacity limitation line.

The efficiency of the SHPP in market conditions is
determined by the profit derived by HPP during the billing
period. This gain can be obtained within the mode which
achieves the highest possible total hydroelectric power
generation and selling it to the maximum, at that time the
market price for a known water inflow in the given period.
The corresponding algorithm for optimal operation of the
SHPP at the chosen optimality criterion allows us to solve the
problem. By its nature, the optimization algorithm determines
the system mode control SHPP, that does not have reservoir
and running by the natural flow of water. In developing
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optimization algorithm the classic monograph material was
used [18], also known as an algorithm for dispatch schedule
and filling the reservoir drawdown large hydropower with
parallel operation of the thermal power plants in the power
system [20,21]. The algorithm is based on the method of
dynamic programming (DP), whose ideas and ways of its
implementation is fully described in [22]. Method of dynamic
programming belongs to the class of so-called multistep
(multistage) processes of decision-making: for each interval
the trajectory (strategy) is found, optimal (the best one) in
terms of the income amount in a given interval and in all
previous ones.

Method of dynamic programming provides a global
solution to the optimization task. The objective function is not
important at this time (linear, nonlinear etc.). It requires only
the possibility to determine the value of this function at
different points. The only condition to the possibility of it use
is the requirement of additivity regarding the objective
function (the objective function value), which optimizes the
whole process and must be equal to the algebraic income sum
at each stage (interval). The concrete example of the dynamic
programming method implementation for solving the optimal
developing tasks of current networks is the material of well-
known monograph [23]. Other examples of the power industry
problem solving by the DP method are provided in [19, 21,
24].

VI. SHPP MANAGEMENT SYSTEM

The variety of possible types of technological SHPP, as the
sources of energy, creates some difficulties while developing
its control system. The operation optimum mode
implementation is required from the control system,
monitoring the equipment condition, distinguishing abnormal
and pre-emergency situations at HPP and preventing it's
development, providing the operations staff of the control
centre of the distributive network and consumer with the
necessary current information. The intellectual base of the
modern control systems and dispatching is the software and
algorithm complex that enables to ensure optimum operation
conditions of a SHPP on-line under varying load of a
consumer. Besides, the registration of time, daily and seasonal
changes of weather and climate conditions should be
mandatory. Execution of these functions by the control system
of a SHPP running will provide the reliable functioning of the
latter. According to some experts, all the basic functionality
of the smart control systems should be provided at the
program level [15, 16].

Mode of natural water flow in the river is not the same as
the mode of consumption of electricity generation and other
needs, and in the result there is a need for a redistribution of
the natural flow, i.e. in its regulation. For SHPP working in the
natural flow of water, the period of its regulatory regime is
24hours. Consequently, one of the conditions to fulfill the
proposed mode of SHPP is spending it during the period of its
regulation a certain amount of water that is equal to its inflow.
The change in water pressure AH must meet certain
requirements. For example, the requirements of related fields
of the economy (fishing, agriculture, water supply, etc.) must
be taken into account. Consequently, the change in water level

should be restricted by limits A, to the bottom and H .

above, i.e.
Hyw <HS<H,,, .

min = (10)
Change in water pressure of HPP is caused by water levels
of upstream and downstream. This happens due to the

consumption of water through the HPP turbines.

VII. ALGORITHM FOR GAINING THE MAXIMUM REVENUE OF
SHPP

Mathematically the task of gaining maximum income of
SHPP under the known water inflow and price forecast of
electricity prices and under conditions of market relations can
be formulated as the maximization of function

(11)

under the condition (10) and the balance of water drawdown
during the regulatory period for a given volume of water
inflow

J
20, At =W,
j=1

(12)

where I (c,, P ) - income from sale of electricity, that is
produced on SHPP during the time interval Az; by known

market price c;

;> € T — the regulation cycle duration:

J
T'=%At; ; Q; - the water flow through the SHPP flap
J=1

during the time interval , m’/sec; W, - the set amount of
water that could be passed through the SHPP flap per
regulation cycle (period of 24 hours).

Generation of electricity by HPP for the — (number) interval
At; is defined as: P; - Ar;. Knowing domestic inflow (natural
usage of river flow) W, domestic, water usage of HPP in each
interval of the regulatory period is determined by the change
in pressure AH in a predetermined range and the known mirror
surface of the river.

Taking into account relatively small change in water pressure
(in the range a few centimeters) in the observed HPP it is
possible to restrict it with a small step 4 change in pressure H.

Levels (mark) of the pressure may be labeled as H ; , Where

the subscript indicates the number j ( j=1,24) of time

interval of the consideration of the regulatory cycle, and the
upper I - variant number of its size, which depends on the
chosen discretization step of the pressure.

Transition from point H, to point H } corresponds to a specific

pressure change AH, leading to a change of SHPP power.
Corresponding to this power income [/ of selling it (at the
currently known market price [26]) may be the efficiency
indicator of SHPP within the given reservoir storage use of

SHPP. So, each point H| is characterized with two value —
income and water usage.
Transition from any point H } at the end of the first interval

to the end of the second interval H) is available by several
paths (trajectories). At the end of the second interval the
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optimal transition trajectory from a point H, can be
determined for each point . The maximum income in the

first /; and in the second intervals I, corresponds to this
trajectory, i.e.
MAX (I;+ D).

Income I, is determined by a simple comparison of possible
proceeds for pressure H at all possible pressures, which could
be at the end of the first time interval.

In the issue of this modeling, to each possible pressure level

H) at the end of the second interval the maximum total

income from an individual variant of use of the SHPP's
reservoir storage from the beginning of regulatory cycle at H,
will correspond. This income is characterized by the efficiency
index for the first two intervals for the given pressure.
Therefore, when observing the third interval, the previous two
intervals may be combined into one and the optimal
trajectory's choice procedure of the reservoir storage use can
be repeated. The efficiency indices at the end of the third
interval will be initial points for examination the fourth period
of time etc. Attaching one interval after another, it is possible
to reach the last one, at the end of which the trajectory should
pass the set point H, = H,,; (H, - began of the optimization

period; H,,, - the end of optimization cycle), corresponding

to the reservoir storage level at the end of the regulatory cycle.
So as for this point also the optimal trajectory can be found,

then it corresponds to a certain point H’_; at the end of the
(J-1)-st interval, through which passes the optimal trajectory.
In its turn, to this point H 3_ ; of the end of the (J-1)-st interval

corresponds the optimal trajectory passing through the similar
point of the end of the (J-2)-nd interval etc. As a result of this
reverse” the optimal trajectory will be found defining the
path from initial point H, to the end point H,,, = H,. This

path (strategy) will correspond to the most advantageous
variant of use of the SHPP's reservoir storage in terms of
getting the maximum income. In this case a few options with
the same maximum income are possible. In this case, choosing
the option (strategy) of the use of water resources some
concerns can be taken into account, caused by operational
need and a known schedule of HPP.

VIII. APPROBATION OF AN OPTIMIZATION ALGORITHM

Let us illustrate the efficiency of the developed algorithm with
the example of optimization mode of a certain SHPP in the
Berzes river in Latvia. Initial data are the following [27, 28]:
installed capacity of SHPP is 300 kW, efficiency is 0.85 rel.
units; a maximum water level prior to the dam - 8.2 m, the
minimum acceptable level of the SHPP pool -7.9 m (in
accordance with the regulations of the environment protection
of Latvia); the average annual flow of the river - 2.4 m?/sec,
river surface basin is 274000 m*. Microcontrollers are used to
control the level of water used in standby and control the
water flow to find the value of the water pressure in a
specified range. In addition to the initial data on SHPP graphs
are used of market prices change for a considered period [26].
The accuracy of modelling by the DP method depends on
the number of possible discrete marks of pressure marks made
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at the end of each interval - the more points H, the better the
result. To assess the influence character of magnitude of the
step change in the pressure of the water produced results were
calculated for the considered SHPP for steps in water pressure
change equal respectively 0.025 m, 0.0125 m and 0.01 m. The
values of these steps need to be considered at the end of time
interval (from first till 23rd), respectively 13, 25 and 30
discrete marks of water level. Fig. 2 — Fig. 4 shows changes in
water levels in the river in the implementation of the method
of DP for different values of steps.
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Fig.2 . Water level in reservoir by optimizing with dynamic programming
method with water level step 0.025m.
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Fig.3. Water level in reservoir by optimizing with dynamic programming
method with water level step 0.0125m.
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Fig.4. Water level in reservoir by optimizing with dynamic programming
method with water level step 0.01m.

Fig. 5-7 illustrates the power changes results of algorithm of
work control of SHPP depending on pressure change at the
end of each hour of the 24-hour period. SHPP income from
optimization by DP with the selected step 0.025 m constituted
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192.23 €, by selecting step 0.0125 m income constitutes
196.26 €. By selecting step 0.01 m SHPP mode is more
optimal and income constitutes 196.86 €.
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Fig.5. The market price and generated power graphs by optimizing with
dynamic programming method with water level step 0.025m.
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Fig.6. The market price and generated power graphs by optimizing with
dynamic programming method with water level step 0.0125m.

320 | P, KW Market 79
300 price, €MWh | ¢
280 RS
260 e
240 N MR
220 R R
200 . .-
180 '
160 .
140 e
120
100
80
60
40
20
0

0:00 2:00 400 6:00 8:00

hou.r
10:00 12:00 14:00 16:00 18:00 20:00 22:00 0:00

—=— small HPP generated power - -e- - Market price

Fig.7. The market price and generated power graphs by optimizing with
dynamic programming method with water level step 0.01m.

The obtained results suggest the influence of the features of
developed control algorithms intellectualization of system
control of SHPP to optimize their operating modes.
Calculation of SHPP capacity and water flow usage in each
interval must be based on the water flow usage depending on
the specific amount of change of the water pressure but not the

average value of pressure. In this regard the authors of this
article have serious doubts in the adequacy of the power
calculation of SHPP in each time interval of the regulatory
period according to formula [25].

This is easily verified by simple calculation. To show by
reasoning, we assume that at the end of each interval of the
regulation cycle (except the last, where the final pressure of
level set H,,;) there are three states of pressure that are
considered - H,, Hy,i, and Hy,, , equal respectively to 3, 2 and
4. We consider only the last interval. It is easy to see, the
formula P [25] is valid only for the case at the end of the
penultimate interval of pressure in optimal schedule of SHPP
was equal to the initial pressure H,, that determines the final
incorrect result of optimizations and not allowing us to assume
that by the beginning of the next period, the mode control of
SHPP water pressure is equal to the initial value H,. As a
result, the volume of sold electricity that is determined on the
basis of the above formula of capacity for SHPP is not true. It
is clear that this fact does not meet one of the main
components of the concept of Smart Grid of energy resources
counting. In addition to the facts already mentioned it is
necessary to note the inconsistency of the illustration in [25]
the essence of dynamic programming, from Fig. 2 and further,
that only testifies that the calculation scheme is not the
implementation of this method.

IX. CONCLUSION

1. Latvia territory has more than 200 small and medium-
sized rivers because of its geographical position and its water
resources have considerable theoretical potential for electricity
production. With the improvement and development of new
technologies, Latvia energetics can significantly increase
national energy supply and increase the level of energy
independence by generating the electricity with the use of
water resources.

2. Consideration of the objective circumstances that
requires the use of local renewable energy, Latvia sooner or
later will have to discuss seriously the issue of the usage of
potential energy of water resources of small and medium-sized
rivers.

3. The smart basis of the control system of small HPS work
should have corresponding complex of algorithms and
programs, fulfilled in different control devices (controllers and
sensors). On the electricity market with the participation of
small HPS the appropriate devices are used to control the
mode of it, with the limited inflow of water allows reaching
maximum power generation and income from the sale of it at
the highest price.
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Anatolijs Mahnitko, Janis Gerhards, Olegs Linkevi¢s, Renata Varfolomejeva, Inga Umbrasko. Par mazas hidroenergétikas attistibas iespéjam Latvija
un mazo hidroelektrostaciju vadibas sistémas intelektualizaciju.
Tiek analizéta viena no tradicionalakajiem un pieejamakajiem vietgjiem atjaunojamajiem energoresursiem — mazo un vid&jo upju hidroresursa, izmantoSanas
iesp€jas Latvijas energétika. Tiek sniegts faktiskais materials Saja jautajuma, kas iegiits balstoties uz oficialos avotos publicétiem citu autoru ieprieks veiktajiem
pétijumiem. Tiek atziméts, ka teritoriju, kas atrodas mazo upju tuvuma un nav ietvertas centralizétas elektroapgades sistéma, saimnieciska apgtiSana rada
apstaklus patérétaju stimuléSanai izmantot autonomas viet&jos energoresursus, ieskaitot hidroenergiju, izmantojoSas mazas jaudas energoiekartas. Atjaunojamas
energijas tehnologiju un iekartu pastaviga attistiba un pilnveidoSanas veicinas mazo upju plismas izmantoSanas elektroenergijas razoSanas efektivitates
paaugstinasanos.
Energétikas miisdienu attistibas koncepcija, kas balstita uz viedo tiklu (smart grids) izveidi, lauj paaugstinat mazas hidroenergétikas darbibas efektivitati,
integrgjot to elektroenergétiskaja sistéma. Mazo hidroelektrostaciju (MHES) darbibas vadibas sistemas intelektualizacijas pamata jabit kompleksam algoritmam
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un programmam, kas Jauj tieSsaistes (on-line) rezima nodrosinat izdevigu MHES darbibas grafiku (rezimu) maksimala ienakuma giianai, balstoties uz zinamu
elektroenergijas cenas prognozi attiecigajam laika periodam (diennaktij).

MHES darbibas optimizacijas algoritma, kas p&c biitibas ir tas vadibas pamats, izstrade tiek veikta balstoties uz dinamiskas programmésanas metodi.

Izstradajot programmu kodus, kas realiz€ autonoma rezima stradajoSas MHES optimizacijas algoritmu, nepiecieSams izmantot specialas aprékinu procediiras, kas
ir adaptivas pret konkrétiem MHES tdens spiediena ierobezojumiem. Algoritma aprobacija veikta uz konkrétas MHES rezima optimizacijas pieméra.

Anaronmii Maxuutko, fnuc I'epxapac, Ouaer JlunkeBuu, Penara BapdoaomeeBa, Mura YmoOpamko. O BO3MOKHOCTAX Pa3sBUTHA MaJloii
THAPOJHEPreTHKH B JIATBUU H MHTEJIJIEKTYATH3AIMH CHCTEM YIPABJIEHHSI MATBIMH FHAPO3JIeKTPOCTAHIUSIMH.

AHanu3upyeTcsi BO3MOXKHOCTh HUCIIONB30BaHMSA B DHepreTuke JIaTBUH B KauecTBEe YHEPropecypca OJHOr0 U3 HauOoliee TPAJUIIMOHHBIX H JOCTYIHBIX MECTHBIX
BO300HOBIISIEMBIX YHEPrOPECYpCOB — THAPOPECYPCOB MalbIX U CpeJHUX pek. IIpuBomurcs daxTudeckuii MaTepuan IO JaHHOMY BOIIPOCY, IOTYyYCHHBIH Ha
OCHOBAHHMH paHEE BBINOJIHEHHBIX MCCICAOBAHMI JPYrMMHM aBTOpaMu. DTH MaTepuaibl OIyOJIMKOBAaHBI B O(QUIHAIBHBIX MCTOYHMKAX. OTMeudaercs, uToO
XO3SIHCTBEHHOE OCBOCHHE TEPPUTOPHIL, HAXOIAMINXCS BOIH3U MalBIX PEK U, HE OXBAYCHHBIX IEHTPAIHM30BAHHBIM 3JI€KTPOCHAOKEHHUEM, CO3aeT YCIOBUS M
CTUMYIHPOBAHUS IOTpeOHTeNell HCIONB30BATh ABTOHOMHBIE SHEPrOyCTaHOBKH MaIOi MOIHOCTH, pa0OTAaIOMUX C UCIONB30BAHHEM MECTHBIX DHEPropecypcoB
1, B YaCTHOCTH, 9HEPTUH BOABI pek. IlocTosIHHOE COBEPIICHCTBOBAHNE H PA3BUTHE TEXHOJIOTHH M 000PYIOBaHMS BO30OHOBIISIEMBIX HCTOYHHKOB YHEPTHU OyIyT
€1ocoOCTBOBATH MOBBILICHHIO 3()(hEKTUBHOCTH NCIOJIB30BAHUS CBOOOHOIO TEUCHHS BOJbI B MAlIbIX PEKax JUIsl MPOM3BOJCTBA HJICKTPOIHEPIUH.

VYder COBpeMEHHOM KOHIIENIMM Pa3BUTUS JHEPreTHKH, OCHOBAaHHOM HA CO3JaHMH AaKTHBHO-aJaNTHUBHBIX CeTed (smart grids) MO3BONSET IMOBBICUTDH
9HEPreTUYecKyIo 3(P(eKTHBHOCTH pabOThl MaJIOif THIPOIHEPIeTHKU NP €€ WHTEIPALMU C DJIEKTPOIHEPreTHIECKOH CHCTeMOH. MHTeIeKTyalbHOl OCHOBOH
cucreMsl ynpasieHus padoroi manbix ['DC (MI'DC) nomkeH ObITh KOMIUIEKC aITOPUTMOB M IPOTrPaMM, IMO3BOJSIIOLIMX B PEXUME PEaJbHOrO BPEMEHHU
obecrieunTh BHITOAHBII Tpaduk (pexum) padbotsl (MI'IC) ¢ Touku 3peHus obecrieyeHns] MaKCUMAIBHOTO JI0X0/a MPU HaJIMYMU U3BECTHOTO NMPOTHO3a LIEHBI Ha
3JIEKTPOIHEPTHIO JUISl COOTBETCTBYIOMIETO IEPHO/IAa BPEMEHH (CYTOK).

PazpaboTka anropurma onTUMHU3aLUKM PabOThl MAJIOH THUIPOCTAHIUH, SIBJISIOLIErocs, 110 CyTH, OCHOBOH €€ CUCTEMBbI YIPaBJICHUs, IPOU3BOIUTCS Ha Oa3e MeTola
JUHAMHYECKOTO IIPOrPaMMHUPOBAHH.

ITpu pa3paboTke MPOrpaMMHBIX KOZOB, PEaTU3YIONHX AITOPHTM onTuMu3anuu 111 MI'DC, paboTaromeii B aBTOHOMHOM peXnMe, IPUXOAUTCS HCIIOIb30BaTh
CIIelHalIbHbIe BEIYUCIUTENIBHBIE IPOLEIYPH], alallTHBHbIE K KOHKPETHBIM OTPaHUYECHHSIM 110 Hanopy Boabsl Ha MI'OC. Anpobanus aroputMa npousBeaeHa Ha
IpUMepe ONTHMH3AINH PEeKHMa KOHKPETHOH THIPO3IEKTPOCTaHIIMH.
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