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Return Migration Trends in Latvia:
Re-attracting the Main Human Resource for
Sustainable Regional Development

Elina Apsite-Berina
Faculty of Geography and Earth
Sciences
University of Latvia
Riga, Latvia
elina.apsite-berina@lu.lv

Abstract—This study is devoted to the research of
human resources as a main source of sustainable regional
development in Latvia. It is focused on two key concepts
of human capital and migration. The aim of the study is
to explore return migration geographies by looking at
young return migrants as a resource and preconditions for
sustainable regional development essential to Latvia.

Return migration to the regions of Latvia is examined
by two main research questions. What are the most recent
return migrant characteristics in Latvia? How does return
migration of young Latvians translates into regional
geographies of return migration?

Drawing on most recent available statistical data we
elaborate on the return migration trends in Latvia, look at
particular geographies of return migrants to the regions of
Latvia. Findings show that return migrants are working age
accompanied with their offspring’s, majority not married
and return from another European country to the capital
and other largest cities and surrounding municipalities.
Even more, only ethnicity and country of previous residence
serve as return migration predictor.

Keywords— return migration, regions, geography, and re-
gional development

1. INTRODUCTION

Even thought, the majority of recent studies on
migration issues in Latvia focus on emigration which
in terms of numbers and topicality allocates the leading
positions among researchers in Latvia [1, 2, 3]. However,
depopulation issues like elsewhere in Europe particularly
in peripheral parts along with demographic challenges
push to seek return migration as resource of available
human capital. There are studies on return migration in
Latvia [4; 5, 6]. Similar to studies elsewhere in Europe
aspects of internal regional geography of emigration
and also return migration are examined and also noting
the presence of importance of contemporary circular
movements in Europe [7, 8, 9].

Human capital in the view of migration processes
manifests as migrant’s individual gain and investment in
the form of knowledge including languages, information,
ideas, obtained skills and professional competences
among migrants are particularly worthy [10]. It was
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previously found that return migrants to more rural and
peripheral parts bring potential of knowledge-based
development [11].

Traditionally, return migrants are seen as potential
human capital that can be reinvested in the country of
origin. At the individual level, the attraction to the region
or city of origin has important emotional aspect and
belonging to the certain place [12, 6] as well as support of
family [13]. Return migration decision making process is
not easy it is combination of personal, family, cultural and
also economic aspects [14, 15]. But turbulent politic and
economic events as Brexit, refugee crisis and terrorism
can be important trigger to promote return migration to
more peripheral parts of the EU under the conditions if
individual labour market niche thus economic needs are
satisfied.

Despite the level of satisfaction, self-valued gains from
the international experience and difficulties individual
needs to overcome upon return feeling of belonging and
longing for home often overcome the economic aspects
of return [5].

Upon return reintegration process commence including
re-accustomed in local environment and similar to the
previous studies on Lithuanian and polish return migrants
[13,16].

Following research questions are addressed in this
study:

1. What are the most recent return migrant
characteristics in Latvia?
2. How does return migration of young Latvians

translates into regional geographies of return
migration?

II. DATA AND METHODS

This study is based on descriptive and inferential
statistics analysis of officially available data on return
migration to Latvia provided by the Central Statistical
Bureau of Latvia [17]. In the analysis we consider years
2014, 2015 and 2016 and also average calculations for
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these years for several characterising features. Analysed
data set is structured according to administrative data
sets thus allowing identifying and distinguishing Latvian
origin return migrant cohort from the overall in-migration
turnover.

The framework of the study consists of three steps:

(1) we provide descriptive statistics on current
return migrants to Latvia, considering three years (2014,
2015, 2016) and following variables: gender, age group,
civil status, region of origin and country of previous
residence. Countries of previous residence are coded: ES
-28 (European Union countries), EFTA (European Free
Trade Association countries), CIS (Commonwealth of
Independent States countries) and other countries.

(2) we provide the regional municipality level analysis
(see Figure 1) where only the share of young (aged 15 —
34) migrants are analysed and visualised on the map.

(3) weuse inferential statistics and perform multinomial
logistic regression in order to analyse predictors for
regional differences of young return migrants in Latvia.

II1. RESULTS AND DISCUSSION

Table 1 shows the main features and dynamics of return
migrants to Latvia in 3 year period. In terms of gender
balance in 2014 nearly 60% of return migrants were men,
but in 2016 the proportion has changed and is rather
equal (52 % men and 48% women). Age group structure
of return migrants shows that constant majority of return
migrants are aged 25 to 45 years of age accompanied with
the second largest return migrant group aged 0 to 15 years
of age suggesting that working age families with children
are returning. Family status over the three year period
remains rather steady with just over 70% per cent single,
divorced and widowed persons who return and nearly
30% of married return migrants.

TABLE 1

CHARACTERISTICS OF RETURN MIGRANTS
TO LATVIA IN PERIOD FROM 2014 -2016

| 2014 | 2015 | 2016 | sverage
Gender
Man 59.0% | 55.4% 51.6% 55.6%
Women 41.0% | 44.6% 48.4% 44.4%
Age group
0-15 198% | 251% 25.6% 23.2%
16-25 8.1% 9.3% 9.0% 8.8%
26-45 453% | 43.5% 44.0% 44.3%
46-61 21.3% 15.9% 15.0% 17.7%
62+ 5.6% 6.2% 6.5% 6.0%
Civil status

Development
Single,
divorced, 73.1% | 74.5% 71.2% 73.0%
widowed
Married 26.9% | 25.5% 28.8% 27.0%
Region of origin
Riga 322% | 34.5% 33.7% 33.4%
Pieriga 17.3% 14,7% 15.7% 16.0%
Latgale 15.6% 15.4% 16.0% 15.7%
Zemgale 11.8% 12.8% 12.1% 12.2%
Kurzeme 12.8% 13.0% 12.9% 12.9%
Vidzeme 10.2% 9.5% 9.6% 9.8%
Country of previous residence
EU-28 82.5% 82.1% 83.0% 82.5%
EFTA 1.9% 2.5% 2.6% 2.3%
CIS 10.2% 9.3% 7.8% 9.2%
Other 5.4% 6.1% 6.6% 6.0%

Regional geography of return migration to Latvia
shows that the majority return to core parts of Latvia. This
corresponds to other studies core regions outnumber the
returnees because of range of economic options [18]. On
average in three year period 33% returned to Riga and
16% returned to Pieriga region. Among the statistical
regions of Latvia in year 2016 the highest share returned
to Latgale (16%), followed by Kurzeme (12.9%) and
Zemgale (12.1%), but around 10% returned to Vidzeme.
On average, 200-400 return migrants per year have
returned to other cities of the Republic of Latvia. In terms
of regions patterns of return migration the highest rates of
return migration are typical of those municipalities that
include cities that act as local economic and labour market
centres. The most prominent examples are the counties of
Talsi, Tukums and Ogre, which include centres of regional
importance. In addition, Tukums and Ogre counties are
located near Riga.

Geography of countries of previous residence shows
that substantial majority returned from other European
countries (83% in 2016).

In order to see the potential of return migrants as a
human resource which is a precondition for sustainable
regional development essential to Latvia we explored the
geographies of current return migrants.

&
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Fig 1. The share of young return migrants (15-34) in 2016 among

all youth living in municipality
Results (Figure 1) reveal that young people aged 15
to 34 more prone to return to the cities (Riga, Liepaja,
Ventspils, etc.) as well as municipalities located around
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cities attract most of young migrants who returned in
Latvia. These findings accentuate the importance of
economic activity as a driver for return migration as there
attraction points of return migration are in or near cities.
Unemployment rate in Ventspils, Valmiera, R&zekne,

Daugavpils, Jelgava in 2016 was at least by 2% lower in
the cities than in corresponding statistical region of these
cities [19]. In Riga unemployment rate was less than 2
%, but in Jekabpils, Liepaja and Jirmala unemployment
rate was higher than in statistical region on average. We

assume that these findings explain why the municipalities near Jekabpils, Liepaja and Jirmala do not attract young

migrants to a similar extent as other cities in Latvia.

TABLE 3

REGIONAL DIFFERENCES AMONG YOUNG RETURN (15 - 34) MIGRANTS IN LATVIA, 2016

Riga (n=479) Vidzeme (n=148)

Kurzeme (n=210)

Zemgale (n=169) Latgale (n=207)

Variable

OR (95% CI) OR (95% CI) OR (95% CI) OR (95% CI) OR (95% CI)
Gender (base: Female)
Male 1.09 (.80/1.41) 1.14 (.80/1.61) 1.16 (.85/1.60) 1.06 (.76/1.45) 1.23 (.89/1.69)
Age (base: 25-34)
15-24 .98 (.68/1.41) .85 (.51/1.39) 1.47(.98/2.22) 1.22 (.76/1.90) 1.14 (.74/1.76)
Civil status (base: married)
Single 1.12 (.83/1.50) 1.07 (.72/1.59) 92 (.64/1.31) .85(.59/1.24) 1.06 (.74/1.52)
Ethnicity (base: other)
Latvian .58 (.36/.92)* 3.94 (1.38/11.21)* .70 (40/1.21) .62 (.35/1.11) .46 .25/.79)*
Russian 1.06 (.64/1.76) 1.25 (.40/3.93) .27 (.14/.52)** 49 (.26/.95) 1.33 (.72/2.43)
Country of previous residence (base: other)
EU 28 1.41 (.80/2.50) 6.69 (1.56/30.11)* 6.30 (2.28/17.39)** 4.13 (1.59/10.76)** 6.70 (2.20/20.37)**
EFTA .59 (.18/1.90) 9.65 (1.72/53.98)* 1.87 (.36/9.72) 1.08 (.18/6.49) 3.25(.59/18.02)
CIS 2.92 (1.28/6.67)* 1.25 (.01/15.40) 4.58 (1.21/17.36)* 2.03 (.51/8.16) 4.43 (1.13/17.30)*

Note. Reference group. Pieriga (n=244). OR = Odds Ratio. SE = Stan-
dard Error. 95% CI = Confidence Interval. * p<.05; ** p<.01

Municipalities located near to the border
(except western part of country) and eastern
parts of Latvia (Latgale) are less attractive to
young return migrants. Border areas and parts
of Latgale region can be classified as peripheral
with minor economic activity as well as long
term aging thus also depopulation processes
and ethnic segmentation. For example, the
unemployment rate at the end of 2016 in Latgale
region was the highest in country (18%). This
was two times higher than in other statistical
regions and more than three times higher than
in Riga [19].

A Multinomial Logistic Regression was used
to analyse predictors for regional differences of
young return migrants (Table 1). In analysis we
used five predictors (variables). The reference
category for the outcome variable was ‘Pieriga
region’. Each of the other five categories was
compared to this reference group. The main
interest of current analysis was focused on the
relationship between gender, age, family status,
ethnicity and country of previous residence.
Results show that the differences among
regions are based on two variables — ethnicity
and country of previous residence. The
probability of return to Riga is higher for return
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migrants previously residing in CIS countries,
but less for ethnic Latvians. The situation in
Vidzeme is quite opposite. The results suggest
that young Latvian migrants from EU 28 and
EFTA countries more likely choose to return
to Vidzeme. Ethnic Russian young return
migrants less likely choose Kurzeme region
for return destination. However, Kurzeme
region attracts young return migrants from EU
28 and CIS countries. Young return migrants
from EU 28 countries more likely will choose
Zemgale region upon their return to Latvia. The
probability to return to Latgale is higher for
young migrants from EU 28 and CIS countries,
but less for Latvians.

We explain the findings by ethnic
compositions of statistical regions of Latvia.
Young Latvian migrants less likely return to the
regions where high share of Russian speaking
population is located (Riga and Latgale — 54%)),
but more likely choose Vidzeme (Russian
speaking population is less than 13%) [20].
Findings related to the country of previous
residence of the return migrants partly confirm
our assumption as well. Young migrants from
CIS countries more often choose to return to
Riga and Latgale. However, surprising that also
Kurzeme region more likely attract young return
migrants from CIS countries, although share of
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Russian speaking population is only 24%.

Iv. CONCLUSIONS

The study aims to provide new knowledge on region-
al geographies of return migration to Latvia. By doing
this we addressed two research questions. Firstly we
looked at characteristics of the current return migrants.
The analysis suggest that in 2016 gender proportion of re-
turn migrants is rather equal and there are also no gender
based preferences in terms of region of return. Majority
of the returnees are working age accompanied with their
offsprings, but the share of close to retirement age consti-
tute around 7% of all returnees in 2016. Majority return
migrants come from other European countries and return
to the core parts.

Secondly we explore regional geographies of the re-
turn and seek the preconditions of return migration with-
in the characteristics of particular returnees. The findings
suggest that only ethnicity and country of previous resi-
dence play role in the choice of the return migration des-
tination. Young returnees after return settle in Riga, other
major cities or local municipalities around the cities, but
the return location is closely linked to the unemployment
rate at the particular territory. More distant, peripheral ar-
eas of Latvia have lower potential of return.

There is a statistically significant result among ethnic
Latvians who display higher probability to return from
another European or EFTA country to Vidzeme, but low-
er probability to return to Riga and Latgale, but at the
same time ethnic Russians act directly opposite. Ethnic
Russians have lower probability to return to Kurzeme re-
gion. Return migrants from CIS countries show higher
probability to return to Riga, Kurzeme and Latgale.
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Abstract—The  article describes  run-of-the-river
hydroelectric power plants. The authors specify the
importance of performing technical and economic
calculations in justifying the large-sized units of the water-
supplying channel of a run-of-the-river hydroelectric power
plant: turbine pits and suction (discharge) pipes. The study
shows that the amount of construction work and the total
cost of building a hydroelectric power plant depend on the
size of these water supply units. The research objective is
to analyze the validity of establishing the main dimensions
of the suction pipes for modern technical and economic
conditions. The researchers use the discounted income
method. The calculations are performed for a hydroelectric
power plant with an elbow suction pipe. The analysis of
how the operating conditions of a hydroelectric power plant
influence the savings of construction resources is carried
out. The analysis shows that saving construction resources
by reducing the length of the suction pipe is justified if the
hydroelectric power plamt is designed to work only at peak
power loads. For hydroelectric power plants operating at
semi-peak or base power loads, the additional construction
costs would be appropriate if leading to the decrease in
pressure loss and to the increase in electricity generation.

Keywords—hydroelectric power plant, water supply units,
saving construction resources, justification of the size of water
supply units.

L. INTRODUCTION

Hydropower Plants are complex objects for multi-
ple purposes. They are constructed for satisfying needs
of various water users: supplying energy for settlement
industrial enterprises, ensuring river navigation, meliora-
tion, creating reservoirs, protecting territories from flood-
ing, etc. At their construction and operation ecological
conditions and limitations should be taken into account.
Some of them are considered in [1] and [2].

Hydroelectric power plants play an important role in
providing electricity to various consumers during peak
periods of the daily power load, since they have very
high maneuvering capabilities [3], [4]. At the same time,
such power plants imply significant construction costs,
especially when erecting run-of-the-river hydroelectric
power stations on lowland rivers [5], [6]. Costs are
determined by the use of natural resources: soil, sand,

crushed stone, stone, as well as expensive parts containing
steel (fittings, embedded elements, metal structures)
and cement (placing mass concrete in the construction,
manufacturing of reinforced concrete elements) [7], [8].

In order to exclude unreasonable expenses related
to expensive building materials during the construction
of hydroelectric power plants, designers strive to reduce
the geometric dimensions of the large-sized parts of
the hydroelectric power plant building, which include
the main elements of the water supply system: water
intake, turbine pit and suction (discharge) pipe (Fig. 1).
However, it should be noted that an excessive decrease
in the dimensions of these units leads to an increase
in the flow velocity and significantly deteriorates the
hydraulic conditions of the water flow. These factors
cause flow pressure losses and the decrease in electricity
output, i.e. the amount of electricity, the most important
resource for which the hydroelectric power plants are
built, transferred to consumers is decreased [9], [10].
Thus, when determining the size of large-sized units of
the power plant water supply, it is necessary to take into
account these multidirectional influencing factors and
compare possible options from technical and economic
perspectives [11], [12].
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Fig. 1. Building of the run-of-the-river power plant with an elbow
pipe: 1 - water intake, 2 - turbine pit, 3 - suction pipe
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The objective of the studies is to analyze the validity of
the main designated dimensions of one of the most critical
large-sized components of the run-of-the-river hydroelec-
tric power plant water supply — suction (discharge) pipes
in terms of modern technical and economic conditions.

MATERIALS AND METHODS

The studies were carried out for a run-of-the-river hy-
droelectric power plant with parameters close to those of
hydroelectric power plants built on the Volga River (Rus-
sia) on non-rocky soils. The modular buildings of these
hydropower plants are equipped with large-diameter ver-
tical water turbines. Suction pipes of such large hydro-
power units have elbow type designs (Fig. 1). Compared
with axial vertical suction pipes, this form allows for less
depth of the foundation of the modular building and less
construction work during its erection. The minimum size
of the vertical part of the suction pipe is subject to the re-
quirements of the manufacturer of water turbines. These
minimum dimensions are approved for the Volga hydro-
electric plants [13].

The length of the diffuser (expanding in a vertical
plane) part of the suction pipe does not affect the depth of
the modular building, but affects the amount of concrete
used and the volume of excavation for laying concrete.
In order to save building resources (first, concrete), in
the course of construction, the suction pipe was also de-
signed as short as possible. Below are the studies of the
feasibility of such a solution from the point of view of
present day conditions.

The initial parameters of the examined variations of
the geometric dimensions of the suction pipe are close to
the approved parameters of the largest hydroelectric pow-
er plants on the Volga River [13]. Table I lists the main
parameters.

In the calculations, we considered the variations of a
suction pipe with an increased length toward the down-
stream by the value of AL. For each option, we counted
the increase in the use of construction resources in terms
of money AP according to the formula:

However, the increase in the length of the diffuser part
of the suction pipe causes an increase in the area of its
output section. Thus, the average speed of the water flow
in the output section decreases, which causes a decrease
in the loss of velocity head in the output section by the

aVlz)

value of Ah:
_ (aV2
29 29 )

where V' and V, are the average flow rates of water in
the output section of the initial version and the version
with an extended diffuser section, respectively, o is the
coefficient of uneven velocity of the water flow.

Reducing head loss, in turn, results in additional
power AN and additional power generation AE, and,
consequently, extra income AD from selling additional
electricity, respectively, by the values [14]:

AN=9,81nQAh 3)
AE=ANT, ()
AD=AEb (5)

where 1 is the efficiency of the hydroelectric unit, O
is water consumption, 7, is the relative annual number
of hours of use of hydropower capacity, b is the rate per 1
kWh of electricity.

Obtaining additional income took place for a number
of subsequent years 7 of hydroelectric power plant
operation. For adequate comparison of the additional
income with additional expenses, the former was changed
to match the initial year, taking into account the discount
rate:

ADg = ¥i-oAD(1+R)™* (6)

where AD, is the value of additional income per year ¢, T
is the considered calculation period, ¢ is the current year,
R is the value of the discount rate.

The ranges of variable parameters for the study of the
influence of the suction pipe length are given in Table II.

TABLE II.
VARIABLE PARAMETERS

AP=¥c, W35, W, Q)
where ¢, is the cost of i building resource (concrete, | Number Parameter Value
soil), s is the cost of performing the works for the i , ,
! - - Increasing the length of the suction
resource, ¥, is i construction resource volume. 1 pipe, m from 0 to 24
TABLE L 2 Hours of use of installed capacity per from 1000
THE MAIN INITIAL PARAMETERS OF THE HYDROELECTRIC POWER PLANT AND year, hours up to 7000
S P
THE SUCTION TP 3 Electricity rate in the first year, rub/kWh |from 3.4 to 4.8
Number Parameter Value Dynamics of electricity rate,% per year | from 0 to 10
Hydro power plant hydraulic unit capacity, Additional single costs for construction
! thousand kW 120 4 work, thousand rubles/m? from 6 to 12
2 Head, m 24 5 Discount rate, % from 0.02
> t0 0.08
3 Water turbine diameter, m 8.2 6 Calculation period, years from 5 to 20
4 Estimated water consumption, m*/s 560
5 Initial length of the suction pipe (relative to 35
the turbine diameter) ’
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RESULTS AND DISCUSSION

Analytical calculations were carried out using
computational tools, and the results were presented in
graphical form. Fig. 2 shows the calculated dependences
of the additional costs of construction resources on
increasing length of the suction pipe for different prices
of concrete. Studies have shown that the values of the
additional costs do not depend on the hydroelectric power
plant operating conditions and are determined directly by
the AL parameter.

80

60 -

50 A

AP, min. rub

1l 2

—3

0 T T T T T
0 4 8 12 16 20 24

AL, m

Fig. 2. The growth of additional costs while increasing the length
of the suction pipe with the parameters: 1 - ¢,= 8000 rubles, 2 - ¢, =
10,000 rubles, 3 - ¢, = 12000 rubles

Fig. 3 shows the results of calculations of the
dependencies between the additional revenue of the
hydroelectric power plant in current prices and the
extension of suction pipe length for different values of T',.
The graphs show that the AD value significantly depends
on the power plant operation mode within the daily load
curve - the number of hours of power use. Moreover, the
increase of 7| leads to an increases of AD.

Examples of the dependence of the discounted income
and additional construction costs are shown in Fig. 4. The
dependences are determined for the period 7=10 years
for different parameters T, with the discount rate R=0.06.

10
8 4
=
= 6
=
g
g
)
<
2 -
0 r r r r r
0 4 8 12 16 20 24
AL, m

Fig. 3. The growth of additional annual income while increasing the
length of the suction pipe with the parameters: 1 - 7, = 1000 hours,
2 -T,,=2000 hours, 3 - 7, = 3000 hours, 7, = 4000 hours

The overview of the family of the obtained curves
shows that for the considered ranges of changes in the
operating conditions of the hydropower unit, the initial
extension of the suction pipe first causes an increase in
economic effect. However, with further increase in the
dimensions of the pipe, the effect of the additional elec-
tricity generation decreases more intensively, which also
causes a decrease in the overall economic effect.

The data obtained indicate that at small number of
hours of use of hydroelectric power plant (which is typi-
cal of hydroelectric power plants operating at peak times
of daily power load curve), the increasing length of the
suction pipe has practically no overall economic effect.
However, for hydroelectric power plants operating at the
semi-peak and base daily power loads, increasing the
length of the suction pipe can provide a significant effect.
So, at T,= 3000 hours for the considered parameters of a
hydroelectric power plant, an extension of the pipe is eco-
nomically justified for the whole range AL from 0 to 17.4
m. The maximum effect of 5.5 million rubles can be ob-
tained at AL = 8.0 m. This value can be considered opti-
mal for the length of the suction pipe variable parameter.

The results obtained are important for the correct se-
lection of the main geometrical parameters of the water
supply units and can be used in establishing the sizes of
the suction pipes in the designs of hydroelectric power
plants.

20
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Fig. 4. Difference curve of the discounted income for the period T=10
years and additional construction costs with increasing length of the
suction pipe for the parameters: 1 - 7, = 2000 hours, 2 - 7, = 3000
hours, 3 - 7, = 4000 hours

CONCLUSIONS

The main conclusions of the research can be formu-
lated as follows:

1. For hydroelectric run-of-the-river power plants
with elbow suction pipes, saving construction re-
sources by reducing the length of the suction pipe
is justified if the hydropower station is designed to
work only at peak power loads.

2. For hydroelectric power plants operating at semi-
peak or base power loads, the additional construc-
tion costs would be appropriate if leading to the
increase in electricity generation.
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Calculation of Target Reliability SAIDI for
Distribution Lines
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Abstract—in  modern distribution lines reliability
indicators are attached great importance. In regulations of
the Russian Federation indicated the reliability indicators,
which must be counted by Grid Company. SAIDI is one of
them. In this article you can see the author’s calculation of
reliability indicator SAIDI for the distribution lines. Also
there are an example of this calculation and comparing
with the real measure, which we have taken from software
complex «Accident».

Keywords — SAIDI, electricity
distribution line, the electrical consumer.

supply restoring,

I. INTRODUCTION

In the order of the Ministry of Energy of the Russian
Federation Ne 1256 are used two indicators of reliability
for the territorial Grid Company. One of them is a system
average interruption frequency index (SAIFI) and
another one is a customer average interruption duration
index (CAIDI). This situation made it necessary to
formulate methods of calculating the reliability of the
final electrical consumers [1]. In this article the technique
of calculating reliability indicator SAIDI.

Overview of Russian and foreign publications [2-9]
was showed that the reliability of the SAIDI can only
be determined according to the statistical information
of exploitation. Thus, you can obtain an assessment of
indicators of reliability the line before reconstruction.

During the engineering of the new or the reconstructing
distribution line, we should to assess its reliability. Such
assessment is required primarily for feasibility study
of construction or reconstruction of distribution lines.
In this regard, the purpose of this work is to obtain a
reliability indicator calculation methodology SAIDI
distribution lines in the engineering phase. This confirms
the relevance of this article.

11. MATERIALS AND METHODS

SAIDI is the average outage duration for each cus-
tomer served, and is calculgted as:
2T, (1)

SAIDI = IT [h],

T

Pskov State University
Pskov, Russia
nastya auuu@mail.ru

Pskov State University
Pskov, Russia
akhaimin@mail.ru

where T~ the annual outage time for the i-th place, N,
- the number of customers in the i-th place, N, - the total
number of customers served, n — number of plots.

Estimated time to restore electricity consumers of the
1st section and those that cannot be included, when the

i-station is damaged is calculated as:
2

where 7, . —the time from the moment of blackout to the
search, ¢ . — while searching for a damaged, 7, — the
localization of the damaged, ¢, — time to include those
loads that can be included in absence in the schema of the
damaged site, Loveapi — time to crawl the damaged, L
time to repair the damaged section and incorporate loads
of online/offline users to start repairs. The time from the
moment of blackout till the beginning of searching is

calculated as:

t =t

beg.i T

+1

loc,i

+1 +t

REC,i search,i oni T lweapi Flepis

tb tinf + twaiting + timnspnr[ ’ (3)

eg =
where Loy = the time from the moment of blackout to
receipt of this, ¢ — operational readiness, ¢ —time

waiting transport

spending on the move.

Take time from the moment of blackout to the search
for damage L= h.
Take time to repair the damaged section and incorporate
loads of online/offline users to top

_ trep=35 h.
repair

Time to restore electricity other electrical consumers
who may be included, if the damage is in the i-th plot is
calculated as:

Z = lyeg i

+1

search,i

F e Tl = lpeci — (tsweep‘i + trep,i)' (4)

rec,i

Time to sweap the simplest part of
transmission line is calculated as:

electricity

L, L-L

Loveapi = v

()

where L, — full length reporting line section; L,,, — the
length of the of electricity transmission line; v — average
crawl speed; a — coefficient that takes account of the
increase in crawl speed lines, when mobile group return
from a spur. The simplest part of electricity transmission
line is such a part of the line where no switchgear
equipment and devices accelerating search of damage.
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In the absence of data exploitation on annual
downtime of consumers in the distribution lines, index
SAIDI is calculated as:

n

o/f,ile,\'t.m(',iN i

SAIDI ==L [h], (6)

Ny

where 7, .— estimated recovery time of electricity
consumer in the first place, n — number of plots.
Calculation of indicator SAIDI before reconstruction
Find SAIDI for the line in Figure 1.
For this purpose make a table to calculate the amount
of failure of the 1st phase. An example of one of such

tables I is below.

Example of calculation for 1-line:

A = =1-0.008 = 0,008 Ailure.
year

O]

We assume that the transformer station has a switch
or there is a wireman, who can make a switch. The length
of a given line in km. Average crawl speed line installed
4 km/h. Coefficient a is 1,25. The average speed of cars
along the lines is 40 km/h. Switching is ¢ . =3 min.

We divide the original schema on 4 independent sites,
that can be accessed using the disconnectors (Figure 1).
On the concept will find distance between switching
devices (Table II). Find transport time from one switching
apparatus to another (Table III).

TABLE L.
CALCULATION OF THE NUMBER OF BLAC KOUTS PLOT Ne 1 TABLE IL
CALCULATION OF DISTANCES
. The average
. o Kailare number of DI D2 D3
Ne | Equipment mbe | rate, failures per
. year’ P Q 0.05 1.56 3.6
year
low-oil circuit b _ 131 3:53
| proaker 1 0.008 0.008 o - - Y oa
Non-isolated
2 ‘f“rhlso dalien 527 0.25 13175 TABLE 1L
% S ?‘a < CALCULATION OF THE TRANSPORT TIME
3 | lranstormer 4 0.03 0.12
station DI D2 D3
4 Disconnector 3 0.01 0.03 0.00 0.04 0.09
Total: 148 Q : : :
D1 - 0.04 0.09
D2 - - 0.05
//,/ s N96/1\0:)\\\TS Ne350/400 // TS Nel006/250 \\\
// I:I:I:I /// Site Ne4 AN
d / \
/ N \
/ S - \\| - |
/ . 3 & \ &5 )
! Site Nel = A \pas B TS Ne351250 )
: 3AS-351.84 |\ | 3AS-3504 3AS-3512 @ ,/
\ RN ° L/
\\ a / N T T T T T T —__
\ b / _-=><T P
\ TS 2 /////, \\\\\ - - ~~_
AN = b2 ST TS Ne7/160™~
) 3 AN-95 0.45 3AN-700.96 3 AN-500.1 , B (/S)A’N-SO 024 3AN-500.5 [——J 3 AN-500.682 3 AN-500.01 AN
N 1 /, /I, R |:, B \\\
N TS Ne349/630 = Lt S TS Ne345/2x250 g \
-1 2 T 7 2 j
_ S~ 4 - - %) 2] /
TN T S - \ b Site Ne3 b /
’ = \ AN ’
/ [= \ N //
/ o \ \\ //
// i \\ Sl o
! o« S -
! | TS Ne347/2x250 TS Ne38/100 TS Ne346/160 __ =~
| | T -
| I
V' TSN966/63 |
\\ /I
\ /
o SiteNe2
N\ 7/
o . Fig. 1. The scheme of distribution line
. . . . TABLE 1.
Example of calculation of wiremen moving time from CALCULATION OF TIME CRAWLING SITES
to DI:
Q 0 Ne L L, A o wep
lo-p 0,05
lvansporior =7 =10 ~0h 1 5.27 3.55 4 1.25 0.83
® [ 2 0.1 0 4| 125 | 002
Time to crawl sites look and bring in table IV. 3 1.462 1.422 4 1.25 0.19
4 1.61 1.6 4 1.25 0.20
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Example of calculation for 1-St line:

¢ =£+L17Li1=

5,27 . 5,27-3,55
sweapl = 2av

2-4  2-1,25-4

=0,83h.
(€))
To calculate the time of restoration of power supply in
the event of a short circuit on all possible sections of the
line, we will draw up a control scheme for the process of
restoration of power supply for this line.
In the diagram, the circle marked the detach operation
switching apparatus, a square operation switching on. If
the circle is marked with a dashed line, it means that the
wireman only goes to the switching device, and enable/
disable operation does not produce. The outcome of the
incorporation of the switch is marked with an additional
rectangle: white-black is enabled-disabled. Duration of

Ca)

lo

-~

“ 7~ lopi tpip2 tp2ps3 0
Q) Q
0

operations moving, repair and crawl is shown on the
diagram above.

Under the scheme of control (Figure 2) prepare the
equation to calculate the recovery time of power supply
tBi,j, where 1 - lot number scheme, j - user number. Let’s
consider a formula to calculate the recovery time of power
supply lines for different sites. Example of calculation for
the accident at site 1.

Recovery time for the electricity consumers of the 1-st
site of power distribution lines:
=ty +ly p Hpips Tlny py T4,

transport +

+1

tRE C1 txweap 1 rep*

(10)
The number of electricity consumers of offline users
when an accident on the 1-St station Ncustl=11.

Number of
the damaged
area

tsweapl +trep

Y

Ip3p1 tpip2 tp2p3 0 tp3p1 T sweap2 T rep
o1 4w Q 0 @ D-2 > D-3 > Q > 2
0
Ipip2 D2 0 > Q tD3D2+tsweap3 +trep > 3
Ip2p3 +tsweap4 + trep | 4

Fig. 2.Control scheme of power supply recovery process in the distribution line before the reconstruction

Find SAIDI for the distribution line before the
reconstruction. For this purpose make a table V

TABLE L.
CALCULATION OF SAIDI BEFORE RECONSTRUCTION

N‘_) Nﬂﬁ‘i T‘rec. il cust.il rec.i2 cust.i2 SAIDIi
1 148 | 7.1 11 0 0 10.54
2 0.1 6.9 1 1.86| 10 0.22
3 0.61 | 7.6 4 1.87 7 2.41
4 0.46 | 6.9 2 1.67 9 1.20

Total: 14.37

26

Example of calculation for SAIDI in an accident on
1 site:
SAIDI. = szffl '(tRECl 'Ncuszl +lpecy 'Ncuxzz):
=

N (1)

=10,54 h.

1,48-(7,1-11+0-0)
11

Thus the SAIDI to reconstruction will be 14.7 h.
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Fig. 1. Distribution Diagram of the line after reconstruction

Calculation of indicator SAIDI after reconstruction
we divide the original scheme to 5 independent sites,
which can be accessed using the disconnectors (Figure
3). Prepare a table to calculate the amount of bounce of
the 1st phase. An example of one of such tables is below.

TABLE VI

CALCULATION OF THE NUMBER OF BLACKOUTS PLOT

The average
No Equipment Number Failure l;ate, m‘lmber of
year failures per
vear
Macuum load-
1 breaking switch 3 0.004 0.012
Overhead line
p | With insulated f - oo 0.08 0.134
conductors
3 | Transformer station 2 0.03 0.06
4 Disconnector 3 0.01 0.03
Total: 0.236

We did not do the example of calculation here, because
they are like a calculating of SAIDI before reconstruction.
Time to crawl sites look and bring in table VII.

TABLE VII

CALCULATION OF TIME CRAWLING SITES
Ne L L, v a tswcp
1 1.67 1.51 4 1.25 0.22
2 0.1 0 4 1.25 0.02
3 3.6 2.04 4 1.25 0.61
4 1.61 1.6 4 1.25 0.20
5 1.462 1.432 4 1.25 0.19

Recovery time for calculation of electricity short-

2

circuit in all possible areas lines compose a recovery
process for this line (Figure 4).

Control scheme make up the equation to calculate
the recovery time of power supply 7, .. Let’s consider
a formula to calculate the recovery time ‘of power supply
lines for different sites.

The accident at site 1

Recovery time for the electricity consumers of the
1-st site of power distribution lines:

(12)

The number of electricity consumers of offline users

when an accident on the 1-St station Ncustl=11.

Floeapt Flree

Lrect = tQ +tQ—D1 + 2ttrmm‘purt

Loweap1 Tlrep

—
N

tops tsweap2ttrep )

toweap3 Tlrep
3

Loweapa Tlrep
4
top2+tsweaps Tlrep 5

Fig. 2. Recovery process control scheme of power supply in the
distribution line after reconstruction
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Find index SAIDI for the distribution line after
reconstruction. SAIDI after reconstruction will be 6.07 h.

TABLE VIII
CALcULATION OF SAIDI AFTER RECONSTRUCTION
NQ Nlﬂl TRE C.il Numt. il TREC.i2 cust.i2 SA IDIi
1 0.236 6.32 11 0 0 1.49
2 0.078 6.12 1 1.1 10 0.12
3 0.98 6.8 4 0 2.42
4 0.46 6.39 2 1.19 0.63
5 0.62 6.23 4 0 1.40
Total: 6.07
1. RESULTS AND DISCUSSION

Thus, after the reconstruction of the distribution
line, the SAIDI indicator decreased from 14.74 hours
to 6.07 hours. As shown by experimental data for the
10 kV distribution line of the Pskov region, the SAIDI
indicator is 15.6 hours. The obtained theoretical values
of the SAIDI indicator before reconstruction differs from
the value obtained according to the operation, no more
than 10%. This confirms the right way of calculating the
SAIDI indicator.

IV.CoNSULTION

The article presents the first developed calculating
of SAIDI for distribution lines during the engineering
phase. An example of calculating SAIDI for the typical
distribution lines before and after reconstruction was
present. The developed technique can be used for a
feasibility study for the construction of new distribution
lines or for the reconstruction of existing ones with the
aim of increasing reliability.
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Abstract—Preserving natural capital is important topic
in 21* century in order to ensure prosperity by sustaining
qualitative ecosystem services that are both - non-material
and material benefits provided by nature. As research out-
lines, green economy is based on three pillars of sustainable
development - social, economic and environmental. It was
concluded, that the main principles of the green economy
are sustainable development, which stimulates economic
growth, reduces poverty, while placing natural capital as a
major asset; development adapted to the interests and op-
portunities of each country, regions and local areas ensuring
participation of the population, social inclusion; promotion
of green industries (renewable energy, waste management,
sustainable agriculture); efficient use of natural resources.

Research paper analyses the current situation and fu-
ture potential of Latvia in the implementation of the green
economy, taking as the example evaluation of the situation
in the Rezekne Municipality. Research methods such as log-
ical constructive method, document analysis, and interviews
were used to gather, analyse and reflect information which
was then used to create evaluation model that was used in
the focus group to assess weaknesses and potential of Reze-
kne Municipality, for example, potential in the production
of gas from waste. Also important is education of society
and their involvement in non-governmental organizations,
and the development of the greener way of thinking, where
there are noticeable weaknesses. It is possible to take direct
examples from other countries (case studies from Finland,
France, Lithuania, and Great Britain) that already have ex-
perience and real results.

Keywords— green economy, municipality, sustainable de-
velopment.

I. INTRODUCTION

Over the last 100 years, mankind has changed world’s
ecosystems to such an extent that it has never been in
its history. Consumption and production have caused
various and rather severe environmental problems such
as water scarcity, soil erosion, loss of ecosystems and
biodiversity, natural cataclysms, climate change, etc.
in many parts of the world. Some of these negative
changes are irreversible. These changes are happening

Daina Znotina
Business and Social Processes Research
Institute
Rezekne Academy of Technologies
Rezekne, Latvia
Daina.Znotina@rta.lv

due to the rapidly growing consumption of food, water,
wood, fuel, minerals and other materials. This is the
part of the traditional linear economic model: resources-
products-waste. Today that kind of thinking is considered
unsustainable by policy makers and consumers alike.

Millennium Ecosystem Assessment (2013) revealed
alarming statistics that 60% of the ecosystems are
experiencing a global decline, so environmental renewal
is recognized as crucial action [1]. Hence, sustainable
development has become a necessity, otherwise humanity
will not be able to fully exist. Successful investments in
clean energy, energy efficiency, environmentally friendly
construction, organic farming, waste recycling and waste
generation can create an inevitable compromise between
environmental protection and economic progress. It
is recognized that the green economy can improve
employment and reduce poverty while protecting and
preserving natural capital [2]. It should also be emphasized
that it is not just about investing in green sectors as
positive results will only be visible after implementing
a common strategic shift from a traditional economic
model to a green economy that also includes a change
in consumer lifestyle and consumption [3]. Regional and
local level authorities and organisations play a key role in
the green economy as they develop and shape economic,
political and social policies at local, regional and national
levels, impacting non-governmental organizations,
businesses and citizens [4].

The aim of the research is to study the concept of green
economy and its development opportunities in Latvia
taking into account the example of Rezekne municipality
and experience of other countries.

Methodology of the research: document analysis,
interviews (example of France, Finland), focus group
interview in Rezekne municipality. Employees of Rezekne
Municipality Development Planning Department were
selected as focus group participants, since it is this
department that is responsible for the municipalities’
development program, attraction of investments, public
relations, establishment and planning of the territory,
implementation of projects and other activities related to
development. It is therefore necessary to assess whether
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activities of Development planning department are in
accordance with the nature and principles of the green
economy.

II. ~ THE CONCEPT OF GREEN
ECONOMY

The green economy as a concept is increasingly used
worldwide highlighting the growing need to focus on a
form of development that provides sustainability. The
2008 crisis gave a significant impetus to the concept of
a green economy because the crisis focused not only on
financial losses but also on the labour market and the
housing market, which reflected the imbalance of the
existing economic model [5]. United Nations Environment
Programme included green economy as one of its crucial
topics and defined it as an economic model that improves
people’s well-being and creates social justice while
reducing environmental risks [6]. This definition is also
directly based on the internationally recognized 3 pillars
of sustainable development (Figure 1).

Sustainable development is based on the need
to optimise and find the balance between economic
development, social systems and environmental
preservation. Without these 3 pillars, humanity will not
be able to provide functioning economy, a harmonious
society and a healthy environment.

. Sustainable
Social

development

Environmental Economic

Figure 1. The three pillars of sustainable development [7].

Figure 1 reflects the need for united action in all 3
areas to achieve sustainable development at the crossroads
of all three pillars. The environmental pillar includes
solutions to the challenges in energy, biodiversity,
natural resources and pollution. The objective of the
economic pillar is to ensure development, efficiency and
stability, while the social pillar covers social inclusion,
empowerment and institutional and administrative
cooperation with citizens and in the interests of the
citizens. Some sources also mention the fourth pillar,
which includes ‘culture’, thus emphasizing the promotion
of cultural diversity and the protection of human rights
[8], but according to the authors of the research, this can
also be attributed to the social pillar.

As highlighted in the European Environment
Agency report [9], the concept of a green economy is
not yet clearly defined, although it was first mentioned
already in 1989 in a study by leading environmental
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economists working for the British government [10]. Most
commonly used definition is the previously mentioned
United Nations Environment programmes version that
“a green economy is one that results in improved well-
being and social equity, while significantly reducing
environmental risks and ecological scarcities (2011).
European Environment Agency defines green economy
as the “one that generates increasing prosperity while
maintaining the natural systems that sustain us” (2014).
Authors of the research noted that although the EU
institutions (including the European Commission) are
actively involved in the implementation of sustainability
and green economy activities, no formal definition of the
green economy has been proposed.

After the research authors can define green growth
as a social and political movement of interaction and
development of social, economic and environmental
capital, which has led to a new concept of economic
development - a green economy that emphasizes the
need for increased attention to environmental aspects to
provide also economic benefits and prosperity.

After analysing information from various sources,
the authors of the paper came to the conclusion that the
principles of the green economy are:

» Sustainable development, which stimulates
economic growth and therefore reduces poverty,
while putting natural capital at the forefront;

¢ Development tailored to the interests and
opportunities of each country and its regions and
local areas;

* Defining and coordinating concrete and clear
policies at all levels of government with specific
objectives and deadlines;

* Ensuring citizens’ participation, social inclusion,
stability;

* Involvement and cooperation of all stakeholders;
* Growth are measured by different indicators
without focusing so much on GDP growth;

* Promotion of green industries (renewable energy,
waste management, sustainable agriculture, etc.);
 Efficient use of natural resources and GHG
reduction to mitigate climate change.

III. EXPERIENCE OF IMPLEMENTING GREEN
ECONOMIC ASPECTS IN OTHER COUNTRIES
AND REGIONS

Finland

The municipality of Turku is the oldest and one of
the largest cities in Finland. The population in this
municipality reaches almost 200 thousand, of which 40
thousand people are students. Within the framework of
the study, the author contacted Alina Heywood, one of
the members of the Green Party of the Turku Municipal
Council. Her party is working in the direction of the green
economy, and she shared her experience of working in
the municipality in an interview. Alina admits that she
has been interested in ways to help people and nature
since childhood, without threatening nature and without
affecting the climate. It was one of the reasons why she
was already involved in party activities at the age of 16,
which, in the authors’ opinion, also partly shows the
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importance of environmental education from an early
age and the public’s initiative and ability to engage in
activities.

The Green Party was founded in 1987, the founders
of this party were the activists of the Koijérvi-movement
(Koijarvi Movement), which united to save Lake Koijarvi
from drying out as an important bird nesting site. The main
values of the party are responsibility, freedom and care
for nature. Currently, the party is also working to achieve
a fair employment system and to reduce unemployment,
as well as to reduce poverty and improve the education
system.

All decisions in the Turku municipality are taken by
the municipal administration, the council and committees
that focus on specific areas. The city council is elected
every four years in municipal elections and thus takes all
final decisions. The Green Party has become the second
largest party in the Turku municipality, so it has been more
likely to influence decisions in recent years. The Green
Party has implemented a number of successful projects
in the city, such as the creation of a new development
strategy to turn Turku into a modern city that attracts
more young people and, by 2029, to become a city that
is free of carbon emissions. There was also recently
launched a city bicycle sharing system to create a cycling
friendly environment. In the future, the Green Party
plans to renew the tram movement in the city of Turku,
which would promote the use of public transport. The
Green Party fellow believes that the key preconditions
for sustainable social and municipal development are the
awareness of the past and current problems and planning
of the future, as well as critical thinking. A.Hieywood
believes that sustainable decisions are made when the
municipality is aware of the real situation and decision-
making takes place in a transparent and open way, rather
than hiding the process from the public.

Lithuania

An important aspect of sustainable development,
which is currently being implemented in Lithuania,
is the introduction of a waste recycling system. On
February 12, 2018, the media reported the construction
of a “revolutionary” waste and biomass cogeneration
unit in Vilnius district. The total cost of the project is
EUR 350 million provided by a loan from the European
Investment Bank (190 million) and EU support. The
construction of a cogeneration plant is the largest energy
project in Lithuania and aims to reduce the amount of
disposed household waste, reduce energy prices, reduce
emissions and improve security of energy supply [11].
The work is scheduled to start at the end of 2019, and
it will be one of the most modern of its kind in Europe.
The construction process will provide 750 jobs, while the
station itself will have 100 jobs and will be able to supply
half of the customers using heating and electricity system
of the Vilnius district. It should reduce the costs of fuel
by 13 million euros and save 10 million euros on waste
management. After survey of population, 72% of the
residents supported the construction of the station [12].
This project was based on the fact that a waste sorting
plant was opened a few years ago, which collects waste
from the entire Vilnius district. In total, there are 11 waste
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sorting plants in Lithuania - two waste sorting plants in
Kaunas and one for each of Vilnius, Klaipeda, Siauliai,
Panevézys, Alita, Marijampolé, Utena, TelSiai and
Taurage [13]. Thus, it can be concluded that Lithuania
has made significant investments in waste management,
which Latvia could take as an example, only in this case
large investments are needed. Without the support and
strategic approach of the European Union it is impossible
to implement these changes at national and regional level.
France

Roubaix, the municipality in northern France is a
great example of how the municipality itself can shape
its active policy towards sustainability to a large extent,
regardless of the shortcomings of national legislation. The
former employee of the municipality of Roubaix and now
the zero-waste activist Lucie Dupont informed the author
of the interview that the northern region, and especially
the municipality of Roubaix, was long regarded as the
most underdeveloped and “poorest” since the region
was formerly industrial based, but over time many of the
factories have closed. Since waste policy is set at national
level and organized by associations and regions, local
government was not able to influence it, so it was decided
to carry out activities within the municipality itself. In
the local elections in 2014, a party that was different
from the traditional won because their strategic goal was
implementing a waste-free direction in the municipality.

Inordertoattractresidents to starta waste-free lifestyle,
in 2015, the municipality of Roubaix launched a 1-year
voluntary challenge for families and 100 households
applied for the first challenge. According to L.Duponte,
the expenditures of the municipality itself were not big
- small scales for waste weighting for each family and
the salary for one additional municipal employee (part-
time) had to be provided. Employee informed, helped
and evaluated the results of the families involved in the
challenge a few days a week. The results were significant
among these families - 25% of houscholds reduced their
waste by 80% and 70% of households reduced their waste
by 50% [14]. Involving families in such an activity was a
key driver of the strategy.

The waste-free strategy also included activities
in schools that focused on reducing lunch surpluses,
implementing composting and using non-disposable
tableware. As a result, management wants to introduce
specific guidelines for schools that can be promoted
outside of the municipality of Roubaix. Businesses
and shops were motivated to incorporate a waste-free
strategy into their business models, saving resources and
finances, for example, by offering their product without
unnecessary packaging, selling in bulk, etc. As this type
of lifestyle develops among the public, there is a growing
demand for the “right kind” of services that businesses and
shops can offer. These municipal methods for promoting
sustainability and changing consumption habits and
behaviour of consumers are an inspiring example of how
positive results can be achieved without investing large
amounts of money but properly motivating and inspiring.
Great Britain

Green economy initiatives have not always been
successful. One of the most unsuccessful initiatives has
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been the Green Deal policy of the British government,
launched in 2013, when citizens were offered to
introduce energy-saving technologies into their homes
by including them in an energy bill, the so-called “pay-
as-you—save” model [15]. Citizens were able to take
energy-saving measures in their homes, such as installing
housing insulation, improving the heating system, testing
the design of the house, installing double glazing of
windows, and installing appliances that produce energy
from renewable energy sources (solar cells / panels, heat
pumps) [16].Unfortunately, the initiative only lasted for
2.5 years and only ended because it did not produce the
desired result. The initiative was participated by only
6,000 dwellings per year and a total of 14,000 dwellings,
although it was planned that 14 million households
would be involved in the program by 2020, i.e. 2 million
a year [17]. Overall, it was concluded that there are 3
main reasons for failing (1) ineffectual regulation of the
initiative; (2) limited financial gain; (3) wrong approach
to consumer preferences [18].

The unsuccessful regulation of the initiative
manifested because, in order to make an attractive
offer for citizens, no specific requirements were set
for improvement, so the result was unclear, so more
expensive measures like renovation were excluded.
Financial benefits were hampered by the fact that the
Green Deal rates were much higher than the market rates.
In turn, the biggest drawback was the wrong approach
to consumers. The green deal was only positioned as
financial savings, but it is too narrow a direction, although
the financial aspect is significant. Initiative marketing did
not focus on people’s needs such as the positive impact
of the initiative on comfort, well-being and health [19],
[20]. From the case of the UK, it can be concluded that
national activities need to be planned with particular
care, and a great deal of emphasis should be placed on
the motivation of the people and their willingness to
give them what they want, including the aspects of green
technology, so that innovation becomes demanded among
the population. Successful green initiative also requires
successful marketing to achieve its positive impact.

As can be seen from the examples of European
countries examined, green economy activities should be
started by identifying their significance at the national
level, incorporating its principles into the national level
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development planning documents, followed by the
example of the regional and local government strategy.
The British and Finnish municipalities shows examples
where the first way of action to a green economy was the
creation of an appropriate sustainable strategy. It is also
important to identify the weaknesses in each area and
administration that allow them to be corrected. Activities
also need to be implemented in the regions in order to
achieve steady development and offer equal opportunities
to all citizens of the country. Public participation has
played an important role in these examples, and the
potential and image of green activities have been
promoted by associations and movements. It should also
be accepted that sometimes the implementation of the
activities can immediately fail to deliver the expected
results and even fail as in the case of the UK. Thus
the approach to the consumers should change and also
appropriate communication plan with the public for the
green activities should develop.

Iv. IMPLEMENTATION OF THE GREEN
ECONOMY ASPECTS IN REZEKNE MUNICIPALI-
TY

The local level is very important for the im-
plementation of green economy activities, therefore the
authors choose to evaluate the situation in Rezekne mu-
nicipality as the largest municipality in Latvia in terms
of territory and in the largest municipality in Latgale by
population [21]. The local level includes municipalities,
organizations, entrepreneurs, associations and schools.
Focus group task - to evaluate the development level of
each criteria in 3 pillars according to 5 categories (not
developed / poorly developed / moderately developed /
well developed / well developed). The rating is formed
by at least 3 of the 4 focus group participants voting for
the recognition of one particular rating as appropriate to
the local municipality situation. In addition, the authors
commented on the main aspects of the discussion and
substantiated the evaluation. The authors in Table 1 sum-
marized the focus group assessment on the assessment
of green economy development criteria. Evaluations “not
developed” and “poorly developed” were combined, but
the evaluation “excellent” was not included, since none
of the criteria was evaluated like that in the focus group.
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TaBLE 1. Green Economy Development Criteria Breakdown by Assessment

(created by authors)
51 Assessment of the criterion
£2%
253
s & % Moderately developed Well developed
s
4
- Implementing effective technolo- | - Companies operating in the green | - Entrepreneurship
5 | gies in business sector - Development level of domestic produc-
= - Development of eco-tourism - Employment tion
5 - Eco product development / - Development of infrastructure - Implementation of investment projects
é‘ export - Development of housing infra-
S | -Activities of social enterprises structure
S | -Implementation of green public [ - Tourism and recreation facilities
= procurement - Voluntary quality management ini-
tiatives
-Involvement of political parties - Environmental education in - Sustainable development in planning
in environmental issues; schools; documents;
» | -Resolving demographic chal- - Development of international - Environmental protection plans and the
é lenges cooperation networks for devel- achievement of their goals;
‘B | -Integration of different society opment - Access to education;
S | groups - Municipal partnerships; - Availability of public services
4 - Public participation in deci- - Satisfaction with life
e sion-making process
= - Activities of non-governmental
'E organizations / associations
= - RES usage in households - Operation of hydroelectric power | - Renewable energy resources and their
o - Waste-free policies stations; use;
- Certification of energy efficient | - Use of renewable energy in com- | - The operation of the waste manage-
buildings panies; ment system as a whole;
- Heating networks and their - Waste sorting and recycling; - Availability of waste collection areas;
] technical condition - Energy efficiency - Land-fill management;
= - Brownfield revitalisation; - Limiting water consumption; - Publicly available green landscapes;
Z-| -Use of nature-based solutions; - Provision of a centralized and - Water purification systems;
*2 - Use of environmentally friendly decentralized sewerage system; | - Flood risk mitigation system;
< vehicles. - Development of protected areas; | - Prevention of pollution risks;
E - Public transport network; - Quality of ground and surface water
_g - Availability of bicycle paths. resources;
= - Management of agricultural land;
= - Organic/ biological farming;
- Biodiversity;
- Forest resource management;
- Identification of areas at risk of pollu-
tion;
- Road safety.

Evaluation of the economic pillar

In general, it can be concluded that entrepreneurship
is developed in Rezekne municipality, but the level of
unemployment is still quite high, so there is potential
for even bigger business development as there is human
resources. More than half of the county’s businesses
operate in the agricultural sector, so they are subject to
a great deal of climate and weather changes. There are
not many businesses operating in any kind of green
industries, also not many would introduce effective use of
technology for environmental protection rather than cost
reduction. Attraction of investment in the area is largely
due to EU funding that makes development dependent
on European policy priorities. As it was concluded, there
is great potential for eco-tourism development in the
region, as there is a rather large range of water resources
that can provide tourism /recreation services, as well
as the production of eco-products, but this is still at a
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development stage, partly due to lack of cooperation
between  companies/domestic  producers.  Social
entrepreneurship, although not developed in the region,
is a potential future trend. This kind of business cannot
replace traditional one but can make a big contribution
to society as a whole. The Social Business Act, adopted
at the end of 2017, states that “A social enterprise is a
limited liability company that has been granted the status
of a social enterprise in accordance with the procedures
laid down in this law and has a positive economic impact
(e.g. providing social services, inclusive civil societies,
development, education, support for science, protection
and preservation of the environment, protection of
animals or safeguarding cultural diversity)”. Therefore
it can be concluded that it is also a sustainable business
model, as it directly develops the economy, employment,
inclusion of different social groups and the environmental
aspects.
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Evaluation of the social pillar

The social pillar encompasses many diverse aspects
where sustainable governance and public involvement
can be mentioned as the key. The authors of the paper
analysed development documents of the municipality,
which can be evaluated positively, although the concept
of green economy does not appear in them. However,
the aim of the development program and strategy is one
- sustainable development, which in turn is a concept
closely linked to the green economy. The implementation
of the green economy activities ensures this kind of
development. As assessed by the focus group, the
inclusion of the public in decision-making can have some
improvements, as this criterion has been assessed as
moderately developed.

When conducting the analysis of municipality
development planning documents, the authors
concluded that the most important documents in
Rezekne Municipality are the Sustainable Development
Strategy of Rezekne Municipality 2033 and the Rezekne
Municipality Development Program 2019-2023. The
following strategic objectives in the documents are: an
orderly environment, a creative and educated person and
awell-developed business. In general, it can be concluded
that the greatest emphasis in the municipality development
strategy is on the development of human capital and the
promotion of entreprencurship, while the environmental
aspects are emphasized in general as the preservation
of natural resources and ensuring an attractive living
environment. Environmental aspects are analysed and
addressed in the Environmental Report. Compared to
the experience of other countries, in particular with the
Turku municipality of Finland, it can be concluded that
political will plays a major role in development, but it is
not emphasize or used in political sphere. At this point,
there is no specific development goals in the municipality
and sustainable development in the green economy is not
emphasized.

After studying the theoretical information base
and practical examples from other countries, it can be
concluded that public involvement in decision making
is very important, if not decisive for the development
of a successful policy. Within the focus group, it was
concluded that public involvement in decision-making,
such as public consultation, is relatively cumbersome.
The greatest involvement occurs when there are
some significant changes in a particular area, such as
environmental pollution, reforms. In order to promote
the involvement of the population and draw attention
to integration problems, the project CRISCO takes
place in the Rezekne municipality. During the project
activities representatives of the municipalities’ rural units
did reports on problems of integration and published
them in order to draw the attention of the wider public.
Within the framework of the project, the Citizens Advice
Council addressed a problem concerning new company
that wanted to start unclear recycling enterprise in the
village of Strizani. As local people were worried about
the quality of the environment and there was no clear plan
provided by the entrepreneur, this issue drew attention
from local governments and the State Environment
Service’s. Violations were detected and the company’s
operation was stopped until their issue elimination.
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According to the authors, this case demonstrates that
the interest of the population is of great importance for
providing good living environment.

Evaluation of the environmental pillar

The environmental pillar includes the use of renewable
energy, waste management, green infrastructure, water
and land management, sustainable transport and many
other aspects. The management of water resources and
land resources is generally good. The main problem is the
lack of land, as large farmers have already bought most
of the area and small farmers who usually are producers
of biological production are not able to compete with the
price. It is therefore necessary to motivate large farms
to consider the idea of producing and exporting organic
products, or producing products that have much more
added value.

Regarding the use of renewable energy, companies
usually lack funding for such large investments, but
there are some cases where it is even beneficial. In
general, it can be concluded that regulatory enactments
related to renewable energy are poor. There are no
national legislation, including mandatory procurement
components, to encourage entrepreneurs to use renewable
energy. Energy efficiency is only topical where EU funds
are invested and it is mostly public infrastructure.

Waste management is gradually evolving as a result
of EU requirements. The waste-free/ zero-waste policy
is currently underdeveloped, but there is possibility to
take the great example from the Roubaix municipality
in France. The development of a sustainable transport
system and the use of environmentally friendly means of
transport, following the conclusions of the focus group,
may be cumbersome due to the size of the territory in
terms of distance that people need to drive and the lack of
electric car charging stations.

The potential of Rezekne Municipality to
implement green economy activities

It can be concluded that some aspect of green
economy is poorly developed in Rezekne Municipality,
nevertheless these criteria have the greatest development
potential. There is need for attention to the balancing
and developing areas of economic activities (mining,
construction, alternative energy facilities, etc.) with
nature protection interests such as management
of existing densely populated and built-up areas,
development and efficiency of sewerage and water supply
systems, brownfield revitalisation, educating the public
about environmentally friendly actions and resource
management, as well as building new roads, efficient
manufacturing facilities, expanding the range of services
in tourism and recreation.

V.

CONCLUSIONS

Sustainable development in the 21st century is a
necessity for countries around the world, taking into
account health and the environment arising from the
unsustainable management of natural resources. Concepts
of green economy and green growth have been very
topical in the last decades in seeking solutions that could
satisfy consumers’ wishes and preserve natural capital in



Environment. Technology. Resources. Rezekne, Latvia

Proceedings of the 12th International Scientific and Practical Conference. Volume I, 29-35

order to make responsible use of ecosystem services on
which people’s well-being depends to the same extent
as on economic development. The green economy is
based on the three pillars of sustainable development
- social, economic and environmental - where only the
three together can balance successful growth. The main
difference between the traditional and the green economy
is that the traditional is based on the use of natural fossil
resources, which is both non-renewable and causes
pollution and climate change. Developed countries and
international organizations are interested in promotion
of the concept of the green economy through economic
development and implementation of activities based on
efficiency, innovation and renewable natural resources.

In order to more actively implement green economy
activities, support from policy makers is needed, and the
involvement of local authorities. Local activities combine
the interests of all stakeholders in a single vision that
can be embedded in development planning documents
or as an independent strategy for the green economy.
Sustainable development assessment can clearly identify
weaknesses with the greatest potential for development,
but political will, financial support, public education and
society participation in processes are needed to change
the situation.

The greatest development potential for Rezekne
municipality is in promotion of entrepreneurship, gas
production from waste, society involvement in non-
governmental organizations to boost green thinking,
as well as using direct examples from other countries’
municipalities (France, Lithuania, Finland, etc.) who
already have experience and real results. Employees of
Rezekne municipality should take into account the criteria
as “poorly developed” or “medium-developed” (e.g.
energy efficiency, ecotourism, social entrepreneurship,
brownfield revitalisation, integration of society groups)
and include measures for their improvement into the next
development plan, to ensure the well-being of citizens
and the quality of ecological services.

Latvian municipalities should use the positive aspects
of other countries to implement green activities such as
hiring an additional employee to promote green economy
activities; offering support to associations that educate and
motivate citizens to be accountable to the environment;
providing financial support in addition to environmental
education activities in schools; implementing waste-free
initiatives; investing in increasing the use of renewable
energy resources; developing strategic plans, taking into
account global trends, in order to ensure positive changes
in the lifestyle and perception of the population and to
improve the competitiveness and development of local
governments and thus of the state.
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Abstract—The article considers the common media of event
and multiparadigmatic modelling, as applied to the modelling
of the processes of medical institutions to serve the public.
The possibilities of managing these processes and optimizing
the use of available resources are considered. Formulated
recommendations on the use of computer environments in the
analysis of business processes and processes of care for the
population.
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L. INTRODUCTION

In solving the problems of optimizing and increasing
the effectiveness of management processes in health care
institutions, one of the most effective research methods
consists in organizing and conducting computational
experiments with model representations of the object
of research - the administrative structure of a medical
institution, its individual components (registry, doctor’s
reception, laboratory services, hospital, etc.) or business
processes (exchange of medical data, management
accounting, medical examination, rendering of copper
Insskoy aid and so on.).

Recently, in Russian [8-20] and foreign [1-7] scientific
publications, the issues of simulation modelling of the
activities of health organizations have been widely covered.
At the same time, models at different levels and directions
are built and investigated: “operating” [1], “managing the
spread of diseases” [16], “first aid” [5,8], “prophylactic
medical examination” [17]. “Management of patients’
appeals” [8-10,15,17,19], “management of business
processes in a medical organization” [11-15,18,20,5], etc.
The purpose of such works is to assess the use of resources
of a medical organization and to increase the efficiency of
their use and the availability of medical services by patients
from healthcare institutions using specialized information
technologies of simulation modelling. Imitation (simulation)
models make it possible to evaluate, for example, how
effectively a medical institution functions in a given working
situation, what the burden will be on medical personnel,
how quickly the patient will receive medical care from the
moment they go to a hospital, etc.
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From the point of view of managers of medical
organizations, it is methods of simulation that allow to
evaluate and compare the effectiveness of a particular
strategy of providing patients with access to the resources of
a medical institution [8-10,15,19,2]. Simulation models also
make it possible to overcome the limitations of analytical
methods for conducting model studies of the economic
and managerial aspects of health [11-13,18,20]. It should
be noted that the technology of simulation modelling
has such an important advantage over other approaches
to the construction and application of models, such as
the preservation in the model mappings of the structural
features of the organization of the objects of study (in
our case, medical organizations), as well as schemes and
mechanisms of interaction between the real components of
these structures with a friend.

1I. METHODOLOGY

It is known that simulation modelling is based on the
following sections of mathematics: control theory, queuing
theory, operations research, information processes theory,
logistics theory, similarity theory, experiment planning
theory. These and other branches of mathematics allowed
us to create a number of information environments that
implement various approaches and principles of reflecting
real objects, real processes of managing healthcare
institutions in their simulation models. We note some of
these approaches, which are quite widely reflected in the
practice of simulation modelling of the activities of medical
organizations in serving the public, as well as in analyzing
the business processes taking place in them.

GPSS (General Purpose Simulating System) simulation
language (see usage examples [15,19]), which allows you to
build a GPSS model of a technological process of a medical
organization or its subdivision as a queuing system, on the
basis of which information on loading of individual sections
of a medical institution , the presence of queues, the average
length of stay of the patient in the system and other data.

IDEF (Integrated Computer Aided Manufacturing
Definition) methodology (see application examples in [11-
13,18]), included in the SADT recommendations (Structured
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Analysis and Design Technique, Structured Analysis and
Design Technique), which is used in analyzing business
processes in a medical organization. This methodology
uses a process approach [11, 18] to formalize the activities
of medical institutions and, in general, well reflects the
semantics of the subject area - the objects and relationships
between them, as well as their main characteristics:
execution time and cost of the process, necessary resources
(human and material).

The technology of visual direct simulation based on
the Unified Modelling Language UML (see [16,20] for
examples), which allows interactively investigating event-
driven business processes (including in dynamics) on the
model , reflecting the real business processes occurring
in the study of the original object (medical institution).
Simulation models in the UML environment allow you to
recreate the process of passing an object through networks
and queues, to make calculations and automatically collect
statistical results of model experiments.

The method of discrete event modelling [8-10,3,6,7],
based on the use of Matlab high-level simulation language
toolkit (Matrix Laboratory - matrix laboratory), which
provides the researcher with an interactive environment
for programming, numerical calculations and visualization
of results. Matlab incorporates an extension package for
organizing model studies of systems with discrete states -
the Simulink visual simulation and situational modelling
environment with the SimEvents library (for details on
building models, see [8-11]). As an alternative to Simulink
& SimEvents, the Arena Simulation system can be used, an
example of which is used in modelling the work of a medical
institution described in [3]. The availability of ready-made
model blocks in SimEvents, the possibility of creating
subunits from them, allows you to build well-structured
simulation models and reproduce in model conditions the
structures of complex discrete control processes (applying
patients to the registry, visiting a doctor, undergoing medical
procedures, etc.) in health care institutions and investigating
the latter as queuing systems.

The above approaches do not fully cover the range
of technical and information techniques for constructing
simulation models of medical organizations. Known
[15,6] multi-agent methodology of simulation modelling,
in particular AnyLogic computer system [14]. Multi-
agent technologies allow using model objects (modelling
individual patients), location objects (reflecting the possible
location of agents), as well as the event characteristics of
agents (transition from location to location, changing
health status) in the model system to reproduce various
epidemiological situation, assess the effectiveness of anti-
epidemic measures, calculate the risks of economic damage
from the development of the epidemic.

11I. DiscussioN

Analysis of the directions and capabilities of computer
simulation tools for management processes in health care
organizations listed in section II of this article revealed the
following points:

1. The activity of any medical institution that provides
health protection and the provision of medical services to
the population as an object of research can be viewed from
several points of view: first, as a system for managing
stochastic structural medical, economic, and administrative
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components operating under certain resource constraints
(medical services, medical personnel); secondly, as a queuing
system that provides processing of requests from patients
for the provision of medical care or receiving treatment and
preventive services; thirdly, as an information-processing
environment with developed information-process relations
between components, possessing a certain functionality
and implementing the necessary business processes in
the provision of medical services to patients; fourthly, as
a multi-connected medical and economic infrastructure,
multivariate use, aimed at providing a variety of more or less
regulated processes of medical services to the population.

2. To build a simulation model, it is often necessary
to construct a preliminary description of the subject area,
taking into account the specific goals of organizing model
studies, orientation, terms and notations of selected model
computer tools of simulation modelling, ways of visualizing
the results of virtual model experiments, ways of interpreting
them when developing practical recommendations for
organizing activities health care institutions in the provision
of medical care and medical diagnostician iCal services to
the population, the implementation of health technology,
medical and preventive, administrative, economic, financial
and other business processes.

3. When studying the characteristics of serving the
population in health care institutions, analysing the
effectiveness and quality of the provision of treatment-and-
prophylactic and medical-technological services to patients,
the most effective approach to organizing model studies is
to represent a medical institution as a mass service system
[8-11,15,19]. This approach allows you to build software or
structural models of the studied system objects (reception,
reception at the doctor, receiving medical services, visiting
diagnostic laboratories, etc.) and using the results of model
experiments to obtain information about the loading of
individual windows of the registry, the presence of queues,
the average length of stay of the patient in queues at the
doctor’s office, the average time spent by the patient at the
doctor’s office, the number of denials of service during the
working day, etc. It should be noted here that the Simulink
& SimEvents discrete-event modelling package, which is an
extension of Matlab, has a more efficient model tool, which,
compared to the GPSS simulation language, has such an
important advantage as effective algorithmizing of data
processing at the level of structural notations with controlled
settings Simulink & SimEvents effective tools for graphical
interpretation of simulation results.

4. For analysing the complexity and efficiency of the
implementation of business processes in a medical institution
(medical technology, treatment-diagnostic, administrative,
economic, organizational) it is preferable to use computer
simulation technology using the process approach [11-
13,16,18,20]. Such technologies should well reflect the
semantics of the subject area - the objects and connections
between them, as well as their main characteristics: the
time of execution and the cost of the process, the necessary
resources (human, material, financial).

Applied to the problems of studying business processes,
simulation technologies based on the IDEF methodology (in
particular, the BPMN software - Business Process Model
and Notation, notation and business process model), which,
unlike the unified modelling language UML, were originally
“sharpened” are more effective. on the model visual
reconstruction of the organizational structures of institutions,
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the flow of actions (business processes) in them, the
processes of information exchange between the components
of the structures, internal and external information and
ravlyaetsya streams. The BPMN environment allows the
model to reproduce three groups of business processes:

- Private business processes that describe the internal
activities of the organization - they are combined into
a separate pool, while the control flow is inside the pool
and cannot cross its boundaries. The message flow, on
the other hand, crosses the pool boundaries to display the
interaction between different private business processes.

- Abstract (open) business processes that are needed to
display the interaction between two private business
processes. In an open business process, only those
actions that are involved in communication with other
processes are shown.

- Interaction processes (global). They display interactions
between two or more entities (structural elements of
an organization). These interactions are determined by
the sequence of actions that process messages between
participants.

The use of a unified modelling language UML also
makes it possible in general to investigate on models the
organization of business processes in specific medical
organizations. However, UML is more focused on integrated
modelling of event-driven business processes that take place
in dynamics, while it is mainly aimed at solving problems of
visualization, design and documentation of software systems
and, to a lesser extent, at modelling business processes.

5. When solving localized tasks of simulation modelling
of medical institutions, such as organizing the activities of
a medical institution in case of epidemics, emergencies,
etc. It is advisable to use either a multi-agent simulation
methodology, if the situation under study has a pronounced
stochastic nature, or a discrete-event modelling method,
when there is some a priori information about the statistical
characteristics of the spread of a disease or about the
occurrence of an emergency. Finally, if it is necessary to
analyse the effectiveness of organizational patterns of
business processes in a medical institution that is transferred
to serve the population during mass epidemics or in the
event of an emergency, it is advisable to use IDEF simulation
methodologies.

V.

The elements of the analysis presented in the article
make it possible to determine the preferred computer tools
and, accordingly, model tools for recreating simulation
images (preferably well visualized using graphical notations
of selected software) of the objects of study — components
of a medical institution, its administrative structural units,
business processes, data exchange processes between
structural units or business processes, external and internal
information on currents. The quality and efficiency of model
experiments, the convergence of simulation results and their
practical significance in the substantive interpretation and
transfer to the actual conditions of functioning of a medical
organization largely depends on how successfully the
computer system of simulation modelling of a health care
institution is selected.

CONCLUSION
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Abstract—There is a growing interest about the pos-
sibility of exploiting the local biomass as an energy source.
The main resource for biofuel production in Latvia is wood.
Water plants, like common reed, growing in nearly all of the
water reservoirs in Latvia, and all cultivate plants and res-
idues of cereal crops, also can be good alternative for solid
bio fuels production. The aim of this paper is to analyze pos-
sibilities to make composite fuels from these recourses. The
study reveals research of ash content and highest burning
heat value in different composite biomass fuels. It contains
analysis of samples obtained from various local Latvian bio-
mass types, i.e. reed, wood, flax spray, hay, hemp and peat,
by combining them in different proportions.

The study contains optimal combining proportions
of different biomass types for composite fuel production
basing on the ash content and burning heat in them.

The results of the study show that the value of wood
highest burning heat is higher than another biomass types
like reed, peat, hay, hemp and flax spray. It means that com-
bining of different biomass types with wood, will reduce the
calorific value of composite biomass.

Also, wood is a fuel with a low ash content, and ad-
mixture of various biomass types available in Latvia, as well
as admixture of coal dust to the wood in composite duels,
increases ash content in the respective fuels.

In order to increase the burning heat and decrease
ash content value to the optimal level and to diversify raw
materials necessary for biomass fuel generating process,
the authors analyze possibilities of using composite fuels by
combining wood and coal dust.

Keywords—highest burning heat value, ash content,
biomass, common reed, wood, peat, composite fuels, cereal
crops.

I. INTRODUCTION

Approximately 14-16% of the total energy consumed
in the world comes from renewable energy sources
(RES), 10% of the total energy is generated by bioenergy
[1]. Bioenergy is a type of energy produced from
biomass, including thermal energy, electrical energy and
various biofuels [2;1]. RES to be used in Latvia are local
resources. Using such resources contributes to regional
development, creation of new jobs in agriculture, forestry
and processing industry; it also promotes studies of RES
and related issues [3]. Forest products have the highest
energy potential in Latvia (about 13,000 GWh*year')

Liena Poisa
Latvia university of Agriculture,
Jelgava, Latvia
lienapoisa@inbox.lv

[4]. In addition to using traditional firewood for energy
production, logging residues such as branches and
stumps are increasingly used. A lot of research has been
conducted in the world [5; 6; 7] and in Latvia [8] related
to the study of wood potential, sustainable preparation
and use of wood biomass, exploration and optimisation of
combustion processes. One study direction involves the
use of wood growing in forests, however recent research
conducted by many scientists shows that short rotation
plantations on agricultural land can also be successfully
used for energy production [9, 10]. Currently, production
and use of wood pellets has been growing rapidly in
Latvia, mainly due to the possibility to automate heating
processes. Wood pellets are one of Latvia’s export goods.
Wood resources are not inexhaustible, therefore there is
a need for diversification of the raw material for pellet
production. Various plant biomass could also be used
in pellet production. One of the most suitable plants for
energy production that has been widely studied in the
world is reed canary grass (Phalaris arundinacea L.)
[11;12,13]. It is suitable for energy production in Latvia
[9; 14;15;16]. Hemp (Cannabis sativa L.) [17;18] and flax
(Linum usitissimum L.) [19;20] biomass, as well as peat
and many other plants can also be used. Another plant
that could be used for energy production in Latvia is reed
(Phragmites australis (Cav.) Trin. Ex Steud.) growing
in natural and artificial water bodies [21]. Research by
scientists from other countries also reveals that reed can
be used as a raw material for fuel production [22;23].
However, in order to use these plants in pellet production
successfully, one should know their properties. Energetic
properties of various plant biomass are different from
those of wood; usually the heat of combustion of plant
biomass is lower [24], while the ash content is higher,
which can cause problems during its combustion.
Therefore, the authors raise the hypothesis that plant
biomass could be successfully combusted together with
wood by adding it as an additional fuel. In order to see
the impact of adding different plant biomass on the
properties of composite pellets, the authors studied the
changes in the highest heat of combustion and in the ash
content depending on the amount of another fuel added
to the wood.
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II. MATERIALS AND METHODS

The study used industrially produced wood pellets
ground into powder using a mill. Various types of lo-
cal biomass available in Latvia were added to the wood
chips, i.e. reeds, flax shives, peat, hay, hemp fibre, as well
as coal dust, that had previously been dried and ground
into powder. In order to determine the ash content and
highest burning heat value dependence on the amount of
various types of biomass added to the wood, respective
samples were prepared and analysed in the different pro-
portions (Table 1).

TABLE 1.
Proportions of composite fuels used in the research

Sample Content of composite biomass
number | Wwood, % | Admixture, Other fuel, %

1 100 0

2 90 10

3 80 20

4 60 40

5 40 60

6 20 80

7 0 100

Ash content in the samples was determined using the
standard method CEN/TS 14775:2004 [25]. The samples
were dried at the temperature of 105°C. They were later
placed into crucibles and weighted (Fig. 1).

.} ARl

Fig. 1. Samples analysed to determine the ash content
For combustion of samples the furnace “Nabertherm”

was used (Fig. 2).

NGESTINSTT,

R s .
Fig. 2. The furnace used to determine the ash content

After combustion in the furnace at the temperature

40

of 550°C the crucibles with ash (Fig. 3) were taken out,
cooled and weighted, the respective calculations of ash
content were also performed. Each sample was analysed
trice, measurement error assessment was also carried out
[26].

Fig. 3. Samples after combustion
Highest burning heat value in the samples was deter-
mined according to ISO 1928 using the oxygen bomb cal-
orimeter Paar 6772 (Fig. 4).

Fig.4. Oxygen bomb calorimeter Paar 6772.
The highest heat of combustion was determined us-

ing dry samples. Three parallel measurements were made
for each sample and measurement errors were calculated.

M. RESULTS AND DISCUSSION

Within the study, industrially produced wood pellets
were used and, by adding different proportions of other
fuels, the highest heat of combustion and ash content was
analysed. Ash is a by-product of the combustion process,
mainly consisting of inorganic substances, predominantly
potassium and silica [27], which are left over after the fuel
combustion. High ash content in fuel is undesirable as it
causes problems with automation of the process of biomass
combustion [28].

According to the Standard CEN TS 14961 ““Specification
of solid biofuels”, pellets, basing on their ash content, are
divided into several classes. Industrial wood pellets we use
correspond to the highest class A 0.7 (ash content below
0.7%); as shown by the results of the analysis, the ash
content there was 0.43 + 0.01% ( Figure 5). As revealed by
the study, ash content in all other fuels added to the wood
is many times higher, e.g. in coal dust it was 8.27 + 0.39%,
in reeds 2.39 + 0.11%, which was one of the lowest results,
while the ash content in flax shives was very high, i.e. 17.76
+ 1.05%. The ash content of the peat used in the study was
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4.13 £+ 0.21%, the ash content of hay amounted to 7.73 +
0.01%, for hemp it was 3.78 £ 0.09%. Such results indicate
that adding any of these fuels to wood will reduce the
quality of the fuel and increase its ash content, which can
cause problems with burning such composite fuels in pellet
boilers, and generate a large amount of combustion waste.
The research shows that, without reducing the quality
class of the fuel below A 0.7, it is possible to mix up to
10% of reed, up to 10% of peat, up to 10% of hay and up

to 10% of hemp. In case 10% of flax shives and coal dust
is used, the ash content will exceed the class A 0.7, and is
therefore only applicable to granules of lower classes. The
use of flax shives in the production of composite fuels is
not recommended at all, as their ash content is very high
(17.76 + 1.05%), which rapidly increases the ash content of
the respective composite fuel and can cause problems with
the combustion of such pellets.
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Fig.5. Ash content of composite biomas fuels

Increasing the amount of another plant biomass
added to the wood reduces the quality of the fuel because
the heat of its combustion decreases (see Figure 6).
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This can be explained by the comparatively high ash
content of different types of biomass and their elemental
composition, which was not studied in this research.
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Fig. 6. Highest burning heat of composite biomas fuels

It was found that the heat of combustion of the wood
was 21 £ 1 MJ*kg!, which corresponds to the values
indicated on the labels of industrial pellets.

Among different types of biomass whose highest heat
of combustion was determined, the lowest value was that
of flax shives (17 + 1.6 MJ*kg™"). Given that flax shives
also have a high ash content, it can be concluded that
their use in composite fuels is not recommended. Other
biomass types had similar values of highest combustion
heat: reeds 18.9 + 1.1 MJ*kg!, (similar results were
found in another study [27]), peat 18.4 + 1.7 MJ*kg!,
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hay 17.9 £ 0.8 MJ*kg!, and hemp 19.1 £+ 0.3 MJ*kg™.
According to the results of studies of ash content and
highest heat of combustion, it can be concluded that
primary biomass resources to be used in the production
of composite fuels are hemp, peat and reed. Hemp’s value
of combustion heat is lower compared to other types of
biomass, therefore its use is not recommended.

An opposite situation can be seen when adding coal
dust to composite fuels. The highest heat of combustion
raises rapidly when the amount added to the composite
fuel increases (see Figure 7).
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The linear equation found for the composite fuel
“wood + coal dust” (Equation 1) can be used to predict
the highest value of combustion heat depending on the
amount of coal dust added.

Q=0,0806  m+20,75 (1)

Where: Q- highest burning heat value, MJ*kg'!
m- Admixture of coal dust to wood, %
Coal dust is produced as a by-product of coal
handling and transportation and can be successfully used
in composite fuels, increasing their value of combustion
heat.
CONCLUSIONS

1. Production of composite fuels by adding different
types of biomass typical in Latvia’s conditions to the
wood reduces their quality, i.e. increases ash content
and reduces the value of combustion heat.

2. Flax shives have high ash content and a relatively
low value of combustion heat, their use in composite
fuels is therefore not recommended.

3. Without reducing the quality class of the fuel below
A0.7 (evaluation based on the ash content), it is pos-
sible to add up to 10% of reed, up to 10% of peat, up
to 10% of hay and up to 10% of hemp to the wood.

4. Adding coal dust to composite biomass fuels raises
their calorific value; the highest value of combustion
heat raises rapidly when the amount of coal dust add-
ed to the composite fuel increases.
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Lifestyle Businesses in Rezekne Municipality
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Abstract—In regional economy, creation of a system for
development of small enterprises and lifestyle businesses
is one of the strategies to promote entrepreneurship and
targeted use of the local economic resources thus reducing
the burden on public and local budgets. Lifestyle businesses
are mainly established and maintained with the aim of
providing a certain level of income, performing additional
activities or developing the owner’s hobby, and effectively
using the local resources. The aim of the research is to
explore the theoretical foundations of lifestyle businesses
and potential for their creation and development, using
lifestyle businesses of Rezekne municipality as a case. The
following tasks were set for achieving the aim: to provide
theoretical rationale for lifestyle businesses; to identify
lifestyle businesses in Rezekne municipality; to study
and analyse the motivation of lifestyle business owners to
establish and develop business in Rezekne municipality.

Keywords—lifestyle business, local resources, Rezekne
municipality.

1. INTRODUCTION

Latvia’s economic growth in 2017 and 2018 has
been considerably faster than in previous years. Exports,
investments, private and public consumption are steadily
growing. Export volumes have reached the highest level
so far. Almost all sectors of the economy are experiencing
growth. Overall, in the three quarters of 2018, gross
domestic product (GDP) has increased by 4.7%, which
is even faster than in 2017, when GDP grew by 4.6%.
The goal of the Ministry of Economics is to ensure that
Latvia becomes the choice for startups in the Baltic
countries and to promote lifestyle entrepreneurship in
Latvia. (Goal: 1 000 new entrepreneurs) The main task
suggested by these goals is to create preconditions for
the smallest entrepreneurs to be able to carry out their
economic activities without placing a significant burden
on the public and municipal social budgets (e.g. provision
of benefits to the socially disadvantaged persons) [6].
Specific support programs for this type of entrepreneurs
are being implemented [7]. Currently, the solutions for
business start-ups, including drawing up the regulation
for small business ecosystem and start-ups, are being
developed, while the discussion on regulation for lifestyle
business is still ongoing.

The vision of the Ministry of Economics envisages
promoting lifestyle entrepreneurship in Latvia stipulating
that the lifestyle entrepreneurs are those having up to
3 employees and 12 thousand euros in turnover. The

Lienite Litavniece
Faculty of Engineering
Rezekne Academy of Technologies
Rezekne, Latvia
lienite.litavniece@rta.lv

Inese Silicka
Faculty of Economics and Business
Management
Rezekne Academy of Technologies
Rezekne, Latvia
inese.silicka@rta.lv

Ministry of Economics expects that 1 000 new lifestyles
companies will be created in Latvia and the new
companies will pay 1.8 million euros contributions to the
state budget until 2020. [8]

The aim of the research is to explore the theoretical
foundations of lifestyle business and potential for their
creation and development, analysing the case of lifestyle
businesses of Rezekne municipality.

The following tasks were set to achieve the aim:

- to provide theoretical rationale for
lifestyle businesses;

- to identify lifestyle businesses in
Rezekne municipality;

- to study and analyse the motivation
of lifestyle business owners to establish and
develop business in Rezekne municipality.

II. ~ MATERIALS AND METHODS

This article summarizes the results of the authors’
research on the motivation for the creation and
development of lifestyle businesses in Rezekne
municipality.

The methods applied in the research: logical and
constructive methods, scientific induction method,
synthesis, monographic method and graphic method,
sociological research method (survey).

Object of the research: lifestyle businesses.

Subject of the research: motivation for establishment
and development of lifestyle businesses.

I11. RESULTS AND DISCUSSION

The authors have chosen the research of lifestyle
businesses for several reasons. Small businesses provide
satisfaction of personal and family needs; they are
more likely to succeed in realizing the initial idea; the
opportunity to make a profit right away; working from
any location, business can be kept going and moving
forward managing it in distance; becoming owner of
personal time resource, free planning of the individual
daily schedule [9].

Collins English Dictionary defines lifestyle business
as a small business in which the owner is more anxious to
pursue interests that reflect his/her lifestyle than to make
more than a comfortable living [10].

Marckettti, Niechm and Fuloria regarding lifestyle
entrepreneurs note that they are “neither wealth seekers
nor financially independent people who can do their
hobby. These are individuals who own business and are
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keen on doing business in close accordance with their
personal values, beliefs, interests and hobbies™ [5].

Some authors define lifestyle entrepreneurs as
individuals who own and operate business closely aligned
with their personal values, beliefs, and interests [11], [4].
This definition includes individual values and motivation
to start a business.

Business with a limited growth potential is often
considered a lifestyle company, and the founder’s
resources and borrowings are often sufficient to develop
it. Lifestyle businesses are companies that are largely
dependent on the founder’s skills, personality, energy
and contacts. Often, their founders express their business
through personal talents, skills, flexible schedules, work
with other family members, and work in the desired
geographical location [3].

A lifestyle company is a company that is created and
led by its founders, mainly for the purpose of maintaining
a certain level of income and no more or establishing a
foundation for enjoying a particular lifestyle.

A lifestyle business is one that focuses on supporting
the owner’s income and personal requirements rather
than maximizing income.

The goal of a lifestyle business is to create a
sustainable and pleasant work-life balance. The company
must be profitable enough to allow the lifestyle that the
owner wants without sacrificing personal life. Type of
business can also be chosen based on personal interests,
so that working hours are enjoyable [12].

Lifestyle entrepreneurs are often referred to as
entrepreneurs engaged in their own hobby, so their
business has a personalized approach [13].

Morris uses an entry and exit system approach to
distinguish an individual entrepreneur, who may also
be a lifestyle entrepreneur, from an interactive business
process. Individual and organizational contexts,
resources, environmental opportunities and unique
business concepts are prerequisites for starting a lifestyle
business. Possible outcomes of business processes —
permanent job, value creation, innovations (products,
services, processes and technologies), profit or personal
benefit, employment, business growth and success.
Morris [2], Deacon and Firebaugh [1] have studied
the link between general systems theory and business
processes and have obtained an integrative input-output

system model in a result (Fig.1).

INPUT

External and
internal demands

External and
internal resources
Environmental
opportunities

Unique business
concept

ouTPuT

Value creation

THROUGHPUT
N Income and profits
Value-based decision
making and

development of
business capabilities Personal benefits

Employment and
prowth

FEEDBACK

Fig 1. Conceptual model: The relationship of general systems
theory to entrepreneurship [12], [13].

Largely, the middle class, especially in the regions,
is the result of development of family businesses, which
are often lifestyle businesses. These companies operate
in a wide range of areas — service, trade, manufacturing,
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and others [14]. Intended support of the Ministry of
Economics to the “lifestyle businesses” could mostly refer
to the regional companies producing, for example, candles,
sauna accessories, etc. However, there is a growing belief
that lifestyle businesses should not be supported.

In the tourism sector in the regions, micro- and small-
sized enterprises prevail. For these entities, tourism often
is a lifestyle type of business, an additional activity, or a
hobby. At the same time, the requirements imposed on
such companies do not differ from those imposed on large
companies. In the survey conducted by the State Education
Development Agency, entrepreneurs have indicated
the following significant external factors affecting the
overall performance of companies in the tourism sector:
amendments in the regulatory enactments (72.3%),
improvements in the marketing strategy at national level
(68.9%), the wide-ranging tourism advertising campaign in
the country (68.6%), as well as changes in tourist demand
for services (66.9%) [15].

To find out the number of lifestyle businesses
in Rezekne city, Rezekne municipality, and Vilani
municipality, the authors have used several statistical
sources. The database of the Food and Veterinary Service
(hereinafter — FVS) on registered domestic producers was
used (FVS registry code 45 — production at home) (see
Table 1).

TABLE 1. NUMBER OF ENTERPRISES MANUFACTURING AT
HOME IN REZEKNE CITY, REZEKNE MUNICIPALITY AND
VILANI MUNICIPALITY ON 28 JANUARY 2019 (COMPILED BY
THE AUTHORS BASED ON [16])

Code Rezekne Vilani Rezekne
muni- muni- city
ci-pality | ci-pality
45.2. Production of meat 5 0 5
products at home
45.3. Production of dairy 2 1 0
products at home
45.4. Processing of fishery 3 0 2
products at home
45.5. Production of vegeta- 0 0 0
ble oils and fats at home
45.7. Processing of plant 12 1 9
products at home
45.8. Production of bread 4 2 3
and flour products at home
45.9. Production of egg 0 0 0
products at home
45.10. Production of spe- 0 0 0
cific food of animal origin
at home
45.11. Production of soft 1 0 1
drinks and ice at home
45.12. Catering at home 2 1 3
45.13. Production of api- 0 0 0
culture products at home
45.14. Production of food 0 0 0
supplements and other
products of specific plant or
mixed origin at home
Total 28 5 23
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Some of companies operate in several
areas, for example, providing both homemade
meat products and home cooking. Therefore the
numbers in Table 1 differ from the total number
of companies. Overall, in Rezekne city there
are 19, in Rézekne municipality — 26, in Vilani
municipality — 5 companies manufacturing at
home.

However, it should be noted that the
FVS data provides only information on food
producers working at home, still, there are
many lifestyle companies engaged in crafts, ce-
ramics, and other activities. The authors had ac-
cess to information on companies registered in
LEARN (Rezekne Municipality Foundation for
Local Economic Development) database. This
database contains information not only about
Rezekne municipality, but also about lifestyle
businesses in Rezekne city and Vilani munici-
pality (see Table 2).

TABLE2. NUMBER OF COMPANIES IN REZEKNE CITY, REZE-
KNE MUNICIPALITY AND VILANI MUNICIPALITY REGIS-

TERED BY “LEARN” ON 28 JANUARY 2019 (COMPILED BY
THE AUTHORS BASED ON [17])

Type of activity Number
Meat production 7
Vegetable production 7
Processing of dairy products 3
Herbal teas/ seasonings 4
Egg production 3
Fruit production 15
Bakery 2
Production of honey and apiculture products 10
Fish production 2
Confectionery 7
Sushi 1
Manufacture and sale of alcoholic beverages 2
Handicrafts 33
Ceramics 13
Craftsmen 20
Buckwheat production 1
Total 130

Table 2 shows that there are 130 companies
operating in the area under study. However, some of them
operate in several fields, resulting in a numerical figure
of 125.

For the pilot survey, 13 companies operating
in different fields were selected to determine what
motivation of the entrepreneurs to operate businesses is
and whether home producers/ self-employed persons/
one-person-owned companies, farms, commercial
entities can be considered as lifestyle businesses. The
authors intend to conduct an in-depth study in this area.

TABLE 3. CHARACTERISTICS OF THE RESPONDENTS BY
DURATION OF OPERATIONS AND TYPE OF ACTIVITY
(COMPILED BY THE AUTHORS BASED ON THE SURVEY)

Duration of operation Type of activity

Answers % Answers %
Up to 1 year 23.08 Production 38.46
1-3 years 30.77 Services 30.77
3-5 years 15.38 Both production and | 30.77
Over 5 years 30.77 services

The breakdown of respondents by duration of
operation and type of activity is equivalent to all
response groups. 46.15% of respondents operate
in the food sector and 53.85% — in the non-food
sector. (Compiled by the authors based on the
survey)

Self-esteem w7 6O 23408 38.46

Desire to control personal. . — %%8% ’
Additional income - 46.15
Hobbyy n 21 15

Demand e——— )3 () '

Unique business idea w7 69 %0'77
0 10 20 30 40 50
%

Fig.2. Motivation of respondents to start own business (Compiled by
the authors based on the survey)
* Respondents could select multiple answers

Hobby (46.15%) and an additional source of
income (46.15%) are the main motivations to start a
business. In fact, the opportunity to earn with one’s
hobby already confirms the lifestyle. The desire to
express oneself (38.46%) and use of the environmental
advantages (38.46%) are other driving forces to start a
business. It should be noted that Rezekne municipality
has created tourism objects (Luznava Manor; Tourism
and Water Recreation Centre Baka, etc.), thus promoting
the attractiveness of the environment and enabling the
nearby residents to create their own business offer. Other
reasons are also important for the respondents.

I 15.38
I 23.08
I 38.46
Incomes and profit GG 383.46
I | 6. 1 5

Happy society
Employment and growth

Personal benefits

Value creation

0 10 20 30 40 50
%

Fig. 3. The respondents’ business result/ satisfaction (Compiled by the
authors based on the survey)
* Respondents could select multiple answers
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Figure 3 shows that, in opinion of the
respondents, it is important to create value (46.15%),
receive personal benefits (38.46%), and ensure incomes
and profit (38.46%). In fact, it can be concluded that for
the people, who engage starting a business, it is important
to create the values.

Respondents were also offered to answer
questions about their plans. Most of the respondents
plan to expand their activities. This indicates that their
operations are successful and the people feel demand,
satisfaction, and income that motivates them to continue
working.

IIL CONCLUSIONS

Creating and developing lifestyle businesses around the
world involves development of hobbies, satisfaction of
personal and family needs, the desire to realize individual
intentions, manage own time, earn extra income. In a
result of the operations of lifestyle enterprises, the local
resources, environmental opportunities are effectively
used, and new and innovative products are created.
In Rezekne municipality, Rezekne city, and Vilani
municipality, lifestyle companies operate in various
sectors — both in services and home production, as well
as in crafts. Creating and developing their own small
lifestyle businesses, the entrepreneurs have their long-
term goals and plan to expand their operations in future.
For the development of lifestyle businesses, it is often
enough with the personal money of founders. In Latgale
region, lifestyle entreprencurs are people who turn their
hobby into business and do business in close accordance
with their personal desires and values, beliefs, interests.
There are many people in Rezekne county who have
interesting hobbies and who could create their own
lifestyle companies, thus contributing to the economic
development of Latgale region.
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Abstract—Primary producers are an integral part of
freshwater ecosystems. Phytoplankton forms the basis of
the trophic pyramid, participates in the formation of water
quality and acts as a sensitive indicator of the state of the
reservoir. The ability of macrophytes to accumulate mineral
and organic substances makes them active participants in
the self-purification of natural waters. Higher aquatic plants
are characterized by conservatism to short-term changes in
the environment, but changes in vegetation over the years
may indicate anthropogenic transformation of ecosystems.

The contribution to maintaining the stability of the
functioning and biodiversity of the ecosystem makes
phytoplankton and macrophytes compulsory research
objects aimed at studying the state of water bodies.

The aim of the work was the study of primary producers
as bioindicators of the ecological status of the Velikaya river
delta in the summer of 2018.

As a result, 127 phytoplankton taxa from 8 phylums
were found: Chlorophyta, Bacillariophyta, Cyanobacteria,
Euglenophyta, Chrysophyta, Dinophyta, Cryptophyta,
Charophyta. The species richness was dominated by
the Chlorophyta (42.5%), Bacillariophyta (25.2%),
Cyanobacteria (11.1%). According to the ecological and
geographical analysis of the delta algaflora, cosmopolitan,
freshwater, planktonic forms of microalgae dominate,
preferring neutral and weakly alkaline waters. Water
quality assessment revealed the beta-mesosaprobic nature
of the waters, which indicates moderate pollution of the
water area.

In the composition of macrophytes, 43 species from 3
phylums were identified: Magnoliophyta, Equisetophyta,
Chlorophyta. By species composition, angiosperms
dominated (95.3%), of which 46.3% were dicotyledons
and 53.7% - monocotyledons. Hygrophytes (34.9%) and
hydrophytes (32.6%) prevailed in terms of ecological
structure. The leading role in the overgrowing of the delta
belonged to high-grass helophytes and rooting hydrophytes
with leaves floating on the water. A total of 37 saprobiont
flora were found. The total index of saprobity was 277
points.

Keywords—algae, ecological assessment, ecological
monitoring, phytoplankton, macrophyte, primary producer,
Velikaya river delta.

kristina.pismo@yandex.ru

I. INTRODUCTION

All ecosystems exist under conditions of constant
maintenance of the balance of matter and energy, which
are the basis of their long-term existence [1]; [2]; [3]. On
an ecosystem scale, most of the energy is provided by the
producers in the process of photosynthesis, after which
it is used by organisms of next trophic levels. Therefore,
regardless of the complexity of the ecosystem, an accurate
assessment of the production speed of organic matter is
needed so we can understand ecosystems functioning and
they thermodynamic behavior [4]; [5].

Aquatic ecosystems are a unique position in
the general structure of ecosystems, since they are
characterized by a high rate of substance renewal and
closer integration of all biotic components. For that
reason they are characterized by a quick response to any
external disturbances, which allows them to be used as
objects for long-term environmental monitoring.

Freshwater ecosystems are characterized by a smaller
scale compared to marine ones, enabling them to be used
for regional and local environmental monitoring, and the
field data help develop predictive ecological models of
higher quality. The two most important groups of primary
producers of freshwater ecosystems are planktonic algae
and macrophytes. They make the greatest contribution
to the primary production of aquatic ecosystems and are
characterized by specific responses to dynamic processes
occurring in the environment. Some authors have
suggested, that up to 60-70% of the primary production
in freshwaters of the North-West falls on phytoplankton.
The productivity value of phytoplankton determines
the abundance of next links in the food chain [6]; [7].
Macrophytes creates a favorable habitat and breeding
for many hydrobionts and form heterogeneous habitat
conditions, which contributes to an increase in the
biodiversity of water bodies.

External factors such as features of the movement
of water masses, mineralization, organic pollution,
temperature, oxygen concentration and pH have a
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significant impact on the long-term and seasonal dynamics
of primary producers and contribute to the formation of
specific responses that can be used to study the state of
natural water bodies.

Ecotone ecosystems contain the largest reserves
of organic matter, since, apart from their own primary
production, they are closely related to the continental
ecosystems, from which they receive additional organic
matter in the form of effluent, which significantly
increases their productivity [8]; [9]; [10]. As a result,
ecotone ecosystems function as biogeochemical reactors
that supply large areas of waterbodies of organic matter.

The Velikaya river delta (Pskov Region, Russia)
is a typical ecotone ecosystem with a high diversity of
communities of primary producers. In recent years,
the delta is characterized by its increased dynamics
of overgrowing by macrophytes, which indicates
an abundance of nutrients, in particular phosphorus
[11]. This may be due to both external causes and the
natural processes in the waterbody. The structure of
phytoplankton communities is subject to seasonal and
spatial changes, the nature of which is not fully studied
[10]; [12]. In this regard, it is necessary to clarify the
regional forecasts of the reactions of primary producers
to a set of external factors, including those associated
with global climate change processes.

The purpose of this work is to study the
primary producers of the Velikaya river delta as

bioindicators of the ecological state of the water
body.

II. MATHERIALS AND METHODS

Hydrobiological samples were collected out in the
summer period of 2018 in the Velikaya river delta. The
results of measuring the parameters of the water showed
that the average temperature at the time of sampling was
25.5° C and the pH of the medium was 8.03.

Phytoplankton samples were collected from the
surface horizon at five sampling stations (Fig. 1). They
are fixed with 40% formalin and concentrated by the
sedimentary method. The samples were processed in a
laboratory by standard methods [13].

Lake Pskox.
1@
3 @
5@
l@
2@
1 - Yaymenka
2 - Bolshaya Listovka
X 3 - Sredayaya
& 4- Gorki
CTArnLI 3 - Murovitsy

Kopnei

Fig. 1. The sampling stations in the Velikaya river Delta
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Phytoplankton  taxonomic identification = was
performed in the laboratory of Pskov State University
using a Carl Zeiss Axio Lab Al microscope. A number
of reference books were used to identify taxones [10].
In the allocation and location of the algae divisions, the
system used in the “Algae Handbook™ [14] was used.
The abundance of phytoplankton was calculated using
standard methods [10]. Algae biomass was determined
by a standard methods [15]. To clarify the ecological data
of algae, a number of monographs were used [16], [17],
[18]. The saprobic index was calculated by the method of
Pantle and Buck [19]. Water class quality was determined
by phytoplankton biomass [20].

Macrophytes were studied using the generally
accepted method of geobotanical studies of aquatic
vegetation [21]; [22]. Systematic and ecological-
geographical analyzes of flora were carried out according
to the methods described in a number of articles [23];
[9]. In ecological analysis of flora used classification V.
G. Papchenkova [9]. As one of the characteristics of the
ecological structure, the hydrofit index of flora proposed
by B. F. Sviridenko [24] was used:

= () 1

where: A - number of aquatic species; B - number of
all species of the considered flora.

When describing vegetation, the ecological-
phytocenotic classification of plant communities was
used [25]. When forming the names of associations, we
were guided by the works of IM Raspopov [26] and VG
Papchenkov [9].

The main structural indicators (shoot height, shoot
diameter, above-ground biomass) of the main edificator
of the delta vegetation cover - Phragmites australis
(Cav.) Trin. ex. Stend.

The trophic regime of the studied ecotone was
established using a list of indicator species of aquatic
macrophytes [16]. To assess the trophicity of the aquatic
environment, the Tsyganov index (IZ) was calculated
in points [27]. This index was calculated by the method
of finding the average score based on a list of vascular
plant species, in which the averaged tolerance amplitude
scores with respect to the generalized salt regime of the
soil (trofomorphs) are indicated.

As the source material for the analysis of overgrowth
of the Pskov Lake, satellite images of Landsat 5, 7, 8 of
different years with minimal cloudiness reflecting the
state of coastal aquatic vegetation in the water body were
used.

A series of multispectral images of Landsat 5, 7,
and 8 satellites was obtained from the data catalog of
the US Geological Survey (USGS) for the period from
1988 to 2018 for the area of Pskov Lake. All stages of the
preparation of remote sensing data and their processing
were carried out in the QGIS 3.4.

As a basic tool for the classification procedure of
remote sensing data the SCP module (Semi-Automatic
Classification Plugin) for QGIS was used. After selecting
the most successful classification and correction option,
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all the images were translated into a vector format, and
using the field calculator tool in QGIS, we calculated the
area of overgrowth by macrophytes.

111. RESULTS AND DISCUSSION

As a result of a qualitative analysis of phytoplankton
in the Velikaya river delta 127 taxa from 7 phylums, 11
classes, 18 orders, 38 families and 76 genera were found.

General analysis of data from all research stations
showed that the basis of the flora was 3 phylums:
Chlorophyta - 54 (42.5% of the total number of species),
Bacillariophyta - 32 taxons (25.2%) and Cyanobacteria -
14 taxons (11.1%) (Table 1).

In total, these departments accounted for 77.8%
of phylums, 86.8% of families and 82.9% of genera
of the total number of detected microalgae taxa. The
species richest families were the Scenedesmaceae and
Selenastraceae from the green algae, the Naviculaceae
and the Fragilariaceae from the diatoms, and the
Merismopediaceae from the cyanobacteria.

TABLE 1.

TAXONOMIC COMPOSITION OF PHYTOPLANCTON OF
THE VELIKAYA RIVER DELTA (SUMMER, 2018)

sampling stations was 6.1 million cells/l, of which
Cyanobacteria accounted for about 2.8 million cells/l
(45.9% of the total algae population). The dominant
species were representatives of the genera Aphanocapsa
Nag., Aphanothece WNig., Merismopedia Meyen.,
Snowella Kiitz. Green algae accounted for 2.2 million
cells per liter (36.1%). At the same time, it should be noted
that Binuclearia lauterbornii (Schmidle) at some stations
was dominated (10.8-16.2% of the total). The remaining
18.0% accounted for the number of representatives of
other phylums.

The biomass of planktonic algae ranged from 0.6—
1.8 mg/l (Bav = 1.2 mg/l). The minimum values of
the total biomass are noted at the stations “Gorki” and
“Murovytsy”, the maximum - at the station. “Vaymenka”
(Table 2).

TABLE 2
QUANTITY PARAMETRS OF PHYTOPLANKTON OF THE
VELIKAYA RIVER DELTA (SUMMER 2018)

Sample stations
Parameters Mean
1 2 3 4 5
Abundance, million | 7.3 99 | 75| 2.7 3.1 6.1+1.4
cell/l
Biomass, mg./1 1.8 | 13 [ 1406 | 07 1.2£0.2

Sample stations According to phytoplankton biomass, the Velikaya
Number s|lea| = > river delta in the summer period of 2018 belonged to
Phylums of species 5 E‘ 2| 7 Z | = the 3rd class of water quality - the water of satisfactory
(pc.) g = % % 8| & cleanliness.
S|e-|a = Ecological-geographical analysis of phytoplankton
showed that the most of the 127 species were the most
Chlorophytd >4 39129 | 32| 28 [ 37| cosmopolitan by distribution - 88 taxons (69.3%) (Table 3).
Bacillariophyta 32 15 24 15 16 | 15 TABLE 3
Cyanobacteria 14 12 11 10 6 | 6 ECOLOGICAL-GEOGRAPHICAL CHARACTERISTIC OF
Chrysophyta 8 7 7 717 | 6s PHYTOPLANKTON OF THE VELIKAYA RIVER DELTA
Euglenophyta 7 5 6 5 3 2 Number of Percentage of
Dinophyta 7 4 4 6 3 ) Parameters species totasll)zgirensber
Cryptophyta 4 3 4 2 3 Distribution
Hroro 127 86 84 79 65 | 71
cosmopolitans 88 69.3
The remaining phylums are represented by a small
number of species: Chrysophyta - 8 (6.3%), Euglenophyta boreal 6 47
-7 (5.5%), Dinophyta - 7 (5.5%), Cryptophyta - 4 (3.1%) galarctic 5 3.9
(Table 1). arctic 1 0.8
Thus, the taxonomic composition of summer
phytoplankton of the Velikaya river delta in 2018 was no data 27 213
characterized as green-diatom-cyanobacterial. A similar Habitat
situation was observed in the summer period of 2015. In planctonic 75 59.1
the summer season of 2016 and 2017 the first place by the Janktonic-benthic 39 306
number of taxa were diatoms.
An analysis of the phytoplankton species richness benthic 10 7.9
in the sampling stations showed that the largest number epiphyton 3 2.4
of taxa was noted at the stations “Vaymenka.” and Halobility
“Bolshaya Listovka” (86 and 84 taxa, respectively), :
and the smallest - at the “Gorki” (62). At the stations Indifferent 70 251
“Vaymenka” “Bolshaya Listovka” and “Srednaya” green Halophyles 13 10.2
algae, diatoms and cyanobacteria were dominated, at Oligogalobs 6 47
the “Murovitcy” third place in the number of taxa was
divided by Cyanobacteria and Chrysophyta, and in the Halophobs 3 24
“Gorki” Cyanobacteria dropped out of the dominant no data 35 27.6
complex and gave way to Chrysophyta (Table 1). Related to pH
The number of phytoplankton varied from 2.7 Indiff 37 291
million cells/l (“Gorki”) to 9.9 million cells/I (“Bolshaya ndifferent :
Listovka™) (Table 2). The average abundance for all Alcaliphile 21 16.5
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By the habitat was dominated by plankton taxa - 75
(59.1%). Plankton-benthic forms were represented by
39 taxa (30.6%). A small number of benthic forms and
epiphytonic forms were encountered.

In relation to the halobility, all phytoplankton species
were freshwater, of which 70 taxa (55.1%) - indifferent,
13 species (10.2%) - halophiles, 3 taxons (2.4%)
-halophobes.

In relation to the acidity factor, indifferent species
prevailed (29.1%), in second place were alkaliphils -
21 taxa (16.5%). The other forms accounted for a small
percentage. Almost half of the microalgae did not have
information about this factor.

A total of 101 saprobity indicator species were found.
Most of them were B-mezosaprobes - 49 (48.6%). Species
preferring pure waters, as well as species preferring
polluted waters, accounted for 26 taxa each (Table 3).

According to the results obtained no significant
changes in the values of the saprobity index have been
observed in comparison with results of 1992. (Table 4).
The waters of the Velikaya river delta belong to the third
quality class - moderately polluted.

TABLE 4
VALUES OF PANTLE-BUKK INDEX IN THE VELIKAYA RIVER
DELTA IN DIFFERENT YEARS

Years Pantle-Bukk Index value
1992 1.9-22
2000 1.7-22
2001 23-35
2016 20-22
2018 1.8-2.1

The highest value of the Pantle-Bukk index was noted
at “Murovitsy” station - 2.1, the smallest - at “Bolshaya
Listovka” station - 1.8. The obtained index values at the
research stations are close, which characterizes the delta
as a relatively homogeneous territory in terms of organic
pollutants concentration in the water.

As a result of studying the flora of vascular aquatic
vegetation of the Velikaya river delta in the summer of
2018, 43 species belonging to 3 phylums, 23 families and
36 genera were identified (Table 5).
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o TABLE 5
Acidophile 5 39 TAXA COMPOSITION OF MACROPHYTES OF THE
Alcalibionts 2 1.6 VELIKAYA RIVER DELTA (SUMMER, 2018)
no data 62 48.9 Number % of all

Taxa — - .
Saprobity Families | Genera | Species | Species
f- mezosaprobionts 49 48.6 Chlorophyta 1 1 1 2.3
0-f3, B-o- saprobionts 16 15.8 Equisetophyta 1 1 ! 23
0-0- mezosaprobionts 11 10.9 Magnoliophyta 21 34 41 9.3
Liliopsida 11 20 22 53.7
a-PB, B-o- mezosapro-
bionts 9 8.9 Magnoliopsida 10 14 19 46.3
oligosaprobionts 9 8.9 The species composition was dominated by the
o - mezosaprobionts 5 50 Magnoliophyta. The dicotyledonous plants accounted
' for 46.3% of the total number of angiosperms, for
x-B- mezosaprobionts ! 1.0 monocots - 53.7%. Chlorophyta and Equisetophyta did
B-polisaprobionts 1 1.0 not contribute significantly to the species richness - 2.3%
Mean Pantle-Bukk index 20 each. Among the families prevailing in the number of

species were the following: Ranunculaceae (5 species),
Poaceae, Hydrocharitaceae, Cyperaceae, Lemnaceae,
Nymphaeaceae (3 species each).

According to geographical analysis, the flora of the
Velikaya river delta were represented by four regional

and five zonal types of areals (Table 6).
TABLE 6
NUMBER SPECIES WITH DIFFERENT TYPES OF
AREALS IN THE FLORA OF THE VELIKAYA RIVER DELTA

) Zonal areal types
Regional areal type
p asm | bm | bsm | Total

Pl 10 - - - 10

H 10 1 2 - 13
EA 6 - 7 1 14

ES - 1 1 4 6

Total 26 2 10 5 43

PI — pluriregional, H — Holarctic, EA — Euro-Asia, ES — Euro-Seberia;
p — plurizonal, asm — arctic-submeridian, bm — boreal-meridian, bsm —
boreal-submeridional.

The most numerous were the macrophytes of four
types of areas: the pluriregional pluurizonal, the holarctic
plurizonal - 10 species (23%), the Eurasian boreal-
meridional - 7 species (16%) and the Eurasian plurizonal
- 6 species (14%).

Thus, the flora of the ecotone was dominated by
species widely distributed in different zones and regions
- Plurizonal, Holarctic, and Eurasian.

The ecological structure of the flora of the Velikaya
river delta was represented by four ecotypes: hygrophytes,
hydrophytes, helophytes and hygrohelophytes. Coastal
(near-water) plants and hydrophytes - real aquatic plants
(32.6%) prevailed.

The following ecological groups dominated among
hydrophytes: 1 - hydrophytes freely floating in the
water column (Lemna spp., Stratiotes aloides L.); 2
- submerged rooting hydrophytes (all Potamogeton
species, Batrachium circinatum (Sibth.) Spach, Elodea
Canadensis Michaux, etc.), 3 - rooting hydrophytes with
floating leaves (Nuphar lutea (L.) Smith and N. pumila
(Timm) DC, Nymphaea candida JC Presl.).

Helophytes, or air-aquatic plants (23.3%), are equally
represented by tall grass plants - Phragmites australis
(Cav). Trin. ExSteud, Typha angustifolia L., Glyceria
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mixima (Hartm.) Holmb, Scirpus lacustris (L.) Palla
and others, and low-grass plants - Butomus umbellatus
L., Equisetum fluviatile L., Sagittaria sagittifolia L. and
others.

Hygrogelophytes (near-water plants) accounted for
9.3% of the total number of macrophyte.

In general, the diversity of the water flora is slightly
lower than the coastal waters flora, which is also indicated
by the hydrophyte index equal to —0.35.

Analysis of the taxonomic structure of communities
indicated a wide variety of macrophyte communities
in the Velikaya river delta. In total, 26 associations
belonging to three classes of formations, five groups of
formations and 16 formations were identified.

Aquatic vegetation (Aquiphytosa genuine) is
represented by three groups of formations and eight
associations. The communities of rooting hydrophytes
with leaves floating on the surface of the water prevailed
(three formations).

In the group of classes coastal aquatic vegetation
(Aquiherbosa vadosa) was dominated by a group of high-
grass helophyte — formations (Aquiherbosa helophyta
procera) - 38% of the total number of associations.
The main ecosystem engineer species this type were
Phragmites australis, Scirpus lacustris L. and Typha
angustifolia L.

Leading role in the overgrowing of the Velikaya river
delta was belonged to the high-grass helophytes and the
rooted hydrophytes with floating leaves. Helophytes
formed mono- and multi-component communities that
located on coasts of numerous islands in the delta. In
this they formed a strip from 2 to 20 m wide. The river
channels between the islands were overgrown with
groups of Nuphar lutea, N. pumila, Nymphaea candida.

Reed beds were spread along the entire coastline, and
were surround numerous islands and well as common in
the form of separate spots in channels of the delta.

The most common in the lake are clean (one-species)
reed beds.

The average height of the reed was 259.7 £+ 5.30 cm,
stem diameter 0.78 = 0.04 cm. The aboveground biomass
varied between 954.0-1877.0 g/ m2.

According to saprobiological analysis, 24 saprobiont
of the flora were found (55.8% of the total number of
species). B-mesosaprobes were dominated - 37.5%. The
share of oligosaprobes and B-a, o-f- saprobionts were
accounted for 12% each.

Whole 37 trofomorphs with a known trophic score in
the composition of the flora of the Velikaya river delta
were revealed. Species with a high trophic index (8-10
score) - 21 (57%). According to the Tsyganov Index (1Z),
the total trophic grade point of the aquatic environment
was 277 score.

IV. CONCLUSIONS

Thus, the species composition of phytoplankton of the
Velikaya river delta in summer of 2018 as green-diatom-
cyanobacterial was characterized.

The average phytoplankton abundance was 6.1
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million cells/l., mean biomass - 1.2 mg/I1.

According to the ecological and geographical analysis
in the Velikaya river delta freshwater, widespread,
planktonic microalgae, preferring slightly alkaline waters
were prevailed.

According to the saprobiological analysis of the
delta’s waters to the 3rd class of quality were classified.
The average index of saprobity in Pantle-Bucca was 2.0.

In the aquatic vascular vegetation of the delta, 26
associations belonging to 3 classes of formations, 5
groups of formations and 16 formations were identified.

In the flora by the Magnoliophyta was dominated.
Plurizonal, holarctic and eurasian geographical elements
were prevailed. The hydrophilic core of the flora
(hydrophytes, helophytes and hygrohelophytes) was
65%.

Main role in the overgrowing of the Velikaya river
delta to the high-grass helophytes was belonged.
Phragmites australis was the main ecosystem engineer.

Among the 37 saprobionts of the flora, B-mesosaprobes
- indicators of moderate water pollution were dominated.
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Abstract— In February and March 2017, I conducted a
survey among 3 population groups and 392 participants on
the state of the population monitoring and disclosure systems
so that the information received was up to date. The resulting
and aggregated information should not be considered as a
constant because the situation changes dynamically, both in
terms of the political situation in the region and the intentions
of our neighbours regarding the sites that represent both the
radiation risk and the meteorological elements that affect
any radioactive contamination. Especially dynamic is the
development of meteorological elements, which should be
analyzed very thoroughly in the event of a nuclear accident
or incident. The results of the study are presented, diagrams
and analyzes and guidelines for follow-up are presented..

Keywords — danger, disclosure systems, population,
radioactive background

I. INTRODUCTION

The topic of radiation safety is very painful for society.
Despite its timeliness, its relevance has not diminished
over the past 30 years. In order to increase the monitoring
of the radioactive situation, the nuclear accidents in
Chernobyl in 1986 and in Fukushima in 2011 played a
major role. Simultaneously with the use of the atom for
peaceful purposes, over the past 2 years, there has been an
increase in the development of new and advanced nuclear
weapons. Even in recent months, there has been intense
talk about ending the operation of the Nuclear Weapons
Convention by leading world powers [1,5,8].

Bulgaria is at the forefront of Europe, Asia and Africa
where people, technology, weapons, and smuggling are
being deployed. This, along with the increased terrorist
activity in Europe and the banging of weapons around
Bulgaria leads to a concern in part of society [2]. We can
not be indifferent to what kind of world we live in and
what happens around us.

All of this has led me to make a survey of the
population to what extent it is aware of the problems of
radiation safety and what each of us should do in the
event of a radiation accident in Bulgaria or near Bulgaria
which will lead to an increase of the natural radioactive

background [9]. The extent to which the public is aware
of the procedures and actions to be taken in changing the
radioactive situation should be increased. As a purpose,
I set myself to explore the real state of public awareness
and analyzing information to identify awareness-raising
measures. | segmented the community to get more
reliable information to summarize and analyze. In order to
achieve the purpose I set up a questionnaire with specific
questions and I made a preliminary study of the problem

[5].
II. MATERIALS AND METHODS

In Bulgaria, such a survey has not been done over the
past 15 years, and there is no evidence of such a study
being made before. After a year’s familiarization with the
state of the problem, the structure of the organizations
in the direction and the current legislation in Bulgaria
and the European Union formulated the main directions
of the future study. Based on the studies, aggregation
of information and analysis of the results, I made a
questionnaire containing 20 questions, which represented
the problem in a wide range. [8, 10]. The inquiry included
issues that covered the overall vision of radiative
background monitoring systems, population disclosure,
action by competent authorities and bodies and their
interaction. Together with these basic radiation protection
values, the respondents also expressed their opinion on
the main factors that could lead to a radiation accident
and the manner of distribution of the radioactive particles,
isotopes and rays in terms of the meteorological elements
that influence them. The volume of survey questions
was chosen so that it could fully cover the research
problem from all the relevant points of view, and in the
same time, not being boring for the survey participants.
With the number of questions raised, there is a danger
that respondents will not pay enough attention to the
issues raised and those who I am at the end of the poll
will not give a credible answer. That’s why 20 questions
were selected for the survey [3, 7]. If it goes to the other
extreme and there are too few questions, then we will not
get the amount of information we need for the scientific
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analysis of the problem and its subsequent findings.

The survey was conducted in February and March
2017 so that the information received is current at the time
[8]. The resulting and aggregated information should not
be considered as a constant because the situation changes
dynamically, both in terms of the political situation in
the region and the intentions of our neighbours regarding
the sites that represent both the radiation risk and the
meteorological elements that affect any radioactive
contamination. Especially dynamic is the development
of the meteorological elements and most of the wind,
which should be analyzed very thoroughly in the event of
a nuclear accident or incident.

111. RESULTS AND DISCUSSION

To obtain an objective picture of the survey, the
respondents were divided into three large groups. The
first group consisted of radiation protection and nuclear
physics specialists, who have a deeper understanding of
the problems, and their opinion has a greater weight. Due
to the specificity of the problem, people from different
institutions working in this or near area were involved,
but considering the research problem, their circle was not
large - 38 people responded to the survey. In the selection
of these specialists, I endeavoured to cover a wider range
of institutions - Kozloduy NPP, BAS, MI, POHD, RIA to
BAS and others, but due to the specificity of the problem,
the circle of institutions was small. Due to the avoidance
of subjective opinion, in the survey did not participate
employees working in or being close to ”Vassil Levski”
National Military University.

The second group included randomly selected people
from different age groups, educational qualifications,
gender and religion from the whole country, randomly
selected. In this category, the questionnaire was answered
by 196 people.

I also made a study among the trainee students in the
firstcourse atthe “Vasil Levski” Military University and the
results were also processed and analyzed independently.
Here were 158 students who had received initial training
in nuclear, chemical and biological protection, and had
some basic knowledge of nuclear accidents and their
actions.

In summarizing the results, the views of the three
categories of people are considered separately, making
only a comparison, but not a general presentation of
the problem, because these issues are specific and some
knowledge in the field of radiation protection is needed
in order to be able to respond competently. For some of
the questions that do not require in-depth knowledge, the
results are close, but where more knowledge is needed,
there is already a greater difference in responses.

After the survey was completed among all learning
categories, the results obtained were processed by me and
summarized in tabular form. Based on aggregated data,
we can make several statements.

1. According to the results of the study, the state of
radiation protection in Bulgaria has gaps and the
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experts give a higher assessment of reality than the
other 2 groups.

What is your opinion about the state of radiation
protection in Bulgaria?

50%

40%

30%

20%

10% —g
%

very good; good; satisfactory; bad.

mspedalists  ®learners others

Fig. 1. Answer a question ,,What is your opinion about the
state of radiation protection in Bulgaria?*

The group of learners and people, selected randomly,
gives a lower score, as the lack of information influences this.
People with higher education also give higher marks than
people with secondary and lower education (Figure 1).

2. The population at all is not aware of the measures, that
need to be taken by the competent state, municipal
and voluntary bodies in the event of a radiological
emergency. This potential problem is seen with
great disregard and disinterest by the majority of
the population, regardless of gender, age, ethnicity,
education. Such an event is seen as something
unrealistic, fictitious, and as impossible happen in
Bulgaria. Older people are more concerned about
the problem than young people [5]. In responding,
respondents with a higher level of education are more
interested in the affected aspects of everyday life and
are at least partially aware of the problems related to
radiation protection, while those with secondary and
lower education are ignorant and uninterested in the
discussion in the consultation. Hence, the fact that the
majority of respondents are not satisfied with the state
policy, regarding the actions and measures taken in
case of a radiation accident (Figure 2).

Do state authorities conduct a proper policy to
explain the actions of a radiological emergency?

80%
70%
60%
50%
40%
30%
20%
N

0%

yes; no; in part; | can not judge

M specialists MWleamers others

Fig. 2. Answer a question ,,Do state authorities conduct a
proper policy to explain the actions of a radiological emergency?*

3. In general, it can be made a report that people do not
know the National Automated System for Continuous
Control of the Background Radiation Range. The far
more professional than the problem an interviewee is,
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the smaller his knowledge is . The same can be said of
the educational level of the participants - people with
higher education have a better idea of the system. In
terms of gender, religion and age, the distribution is
even and no response can be drawn. People who do
not express an opinion are below 10% and are equally
distributed among the different groups (Figure 3). In
the consultation, a comment was often made that it is
not my direct duties and I do not care.

The percentage of people familiar with the systems
varied between 2% and 26%, which is a very low percent-
age. On this basis, a high percentage of people who have
responded positively to the effectiveness of these systems
can not be expected. More than half can not assess the de-
gree of coordination between organizations that monitor
the radiation situation and manage the activity of manag-
ing a situation with increased radioactive background and
take measures to reduce and limit the negative impact on
people and the environment.

Do you know the National Automated System for
Continuous Radiation Background Control
(NASCRBC)?

70%
60%
50%
40%

30%
20%
10%

0%

yes; no; in part; | can not judge.

mspecialists  ® learners others

Fig. 3. Answer a question ,,Do you know the National
Automated System for Continuous Radiation Background Control
(NASCRBC)?*

Do you think it is necessary to do more and more
qualitative exercises for changing the radiation
situation?

100%
90%
80%
70%
60%
50%
40%
30%
20%

=1 =17 _—

in part; | can not judge.

M specialists W learners others

Fig. 4. Answer a question ,,Do you think it is necessary to do more and
more qualitative exercises for changing the radiation situation?*

4. There is a concentration of responses to the need to
conduct regular and up-to-date exercises for changing
the radiation situation. Although much of the teachings
are pre-directed, it is necessary to run regularly. An
example here may be the teachings of Kozloduy NPP
and other enterprises [5, 8]. Good examples can also
be taken from other countries with well-established
structures such as Russia, France, Japan and others.
It is a good impression that such exercises take place
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in some schools such as Emilian Stanev Secondary
School, University of Sofia, ,Professor Assen
Zlatarov* Professional Lenguage School in Veliko
Tarnovo and others. In conducting such exercises the
respondents expressed the wish to participate more
experts from the control bodies (Figure 4).

5. Toalarge extent, respondents have expressed the view
that it is necessary for people who are professionally
engaged in this to periodically increase their
qualifications and to monitor changes in the field of
radiation protection. It is necessary to issue documents
with a fixed term to the workers, after which they
have to undergo refresher training. This will maintain
a higher level of competence for those working in
the field. Here the answers are unambiguous and it
is necessary to legislate the requirements. There is
no deviation from any group in this question and the
answers can be summarized for all respondents at all.

6. The sum of responses to the issues of coordination
of the responsible authorities and agencies gives us
a real picture of the population‘s interest in the real
radiation situation, how it is monitored and what
actions should be taken to reduce the negative impact.
In this respect, the competent state authorities must
necessarily improve their work among the population
and their coordination among themselves. Only in
this way would they weigh in their place, raise their
authority, and the population would have greater faith
in their actions.

Do you consider that it is necessary to increase
the qualification of the radiation protection
officers in the basic units working on a voluntary
basis?

100%

80%

60%

40%
yes; no;

mspedalists ®leamers

-y

in part; | can not judge.

others

Fig. 5. Answer a question ,,Do you consider that it is necessary to
increase the qualification of the radiation protection officers in the basic
units working on a voluntary basis?*

Here, also, the predominant is ,,I can not judge* again,
which is indicative of the fact that a large part of even
the experts can not judge the real picture of the state of
coordination among the most important authorities in
the field of radiation protection. It is imperative for these
important units for the state to become professionals
and not leading to a continuous changing of structures
and performers, depending on the political situation. For
example, Italy may be given a position where, despite
frequent political changes and elections, the Secretary of
the Ministry of Foreign Affairs has headed for more than
30 years, and this creates the security of the institution he
represents.

Figure 6 shows the assessment of the coordination
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between the responsible radiation monitoring institutions,
according to the respondents.

All the inquiries about the need of more and
better quality exercises and annual training of the staff
responsible for monitoring the radiological situation and
especially for government, local authorities and other
non-governmental or voluntary organizations are all
categorical.

Is there sufficient coordination between the
departments that disclose the population in case
of a radiation accident?

80% A—

70%
60%

0%

40%

30%

20%

10%
yes; no;

0%

in part; | can not judge

M specialists M leamners others

Fig. 6. Answer a question ,,Is there sufficient coordination
between the departments that disclose the population in case of a

radiation accident?“

When examining in detail the main sites where
nuclear facilities are or could be located, there is also a
different degree of the suspected danger, the most serious
being, according to all respondents from Turkey, where
specialists give 37% and the other participants give 57 -
64%. The other possible answers are given in roughly the
same range regardless of the type of category. It is quite
clear that the Kozloduy NPP is the most reliable nuclear
site in the region and is unlikely to have radioactive
contamination (Figure 7).

Do you consider that the Kozloduy NPP is a safe
plant in normal operation?

90%
80%
70%
60%
50%
40%

30%

20%

1o J
no;

S

in part;

0%
I can not judge.

W specialists W learners athers

Fig. 7. Answer a question ,,Do you consider that the Kozloduy
NPP is a safe plant in normal operation?*

When reading the survey data, it is clear that a large
part can not judge whether the sites in Romania are
potentially dangerous because of the lack of the necessary
information. This leads us to the conclusion that a large
part of the population in Bulgaria is not familiar with
our neighbouring countries and we are not interested in
enriching the knowledge about our safe living not only
in terms of radiation safety but also in terms of other
potential dangers and risks.
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Although a referendum was recently held in Bulgaria
on whether to develop nuclear power by building new
capacities in the consultation, I included such a question.
The predominant response was to Belene NPP, with
approval of 80% for nuclear and safety specialists, while
for the random respondents the positive response was
54%. Accordingly, the disapproval was highest in the last
category - 46%, and in the experts it was only 20%. With
a ready-made one and almost ready-made second reactor,
it is most reasonable to install them on the approved site
and put into operation and Bulgaria to regain its dominant
position in the energy exporter region, otherwise, in
the near future, we may become extremely energetic
dependent.

8. The majority of respondents from the second and third
groups did not make suggestions, but there are also
very reasonable and reasoned ones. Together with
the suggestions of the employees in this field, we can
bring them to the following summarized suggestions:

e The need of more quality annual exercises of all
responsible institutions;

e Improving interaction between follow-up and
disclosure organizations;

* Conducting seminars and refreshing effective staff
training;

* To have up-to-date and accessible information
on the radiation situation by explaining to the
competent authorities and the media where and how
the population will receive it;

e In the current development of the technique, the
publicity should include, in addition to national
television and radio and other electronic media and
mobile operators, this being legislatively regulated;

e Increase the control points for monitoring the
radiation background, taking into account the
research and analysis [11].

IV. CONCLUSIONS

1. The data from NASCRPF are used by the competent
state authorities for preventive measures and for
the organization of measures aimed at limiting the
impact on human and the environment of radioactive
particles, rays and isotopes;

2. The lowest radioactive background in Veliko Tarnovo

is the lowest.

The awareness of both professionals and voluntary

formations and the population itself is low, as shown

by the survey data;

4. TItisnecessary to carry out an explanatory work among
the population in order to improve its awareness. It is
also necessary to carry out exercises for changing the
radioactive situation.

5. The radiation gamma background of the neighbouring
atmospheric layer is within the boundary of the
country’s background values without significant
deviations over the last 20 years. Surface water
currents and basins are in good radiological state and
are controlled by the control bodies of the EEA in
accordance with the applicable regulations. As far as
the radiation status of the soils is concerned, no values

W
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are found above the backgrounds of the periodic and
extraordinary measurements made during the last 15
years;

A clear program has been developed and implemented
in terms of nuclear safety with the participation of all
levels of state and local government [9]. A National
Strategy for the Safe Management of Spent Nuclear
Fuel and Radioactive Waste has been developed and
the necessary control has been introduced on these
activities. It is a weakness that changes the position of
the bodies involved in this activity, there is an outflow
of specialists and the thread between the state and
municipal authorities and the voluntary organizations
is broken.

Government documents were adopted to solve the
problems with the consequences of priority liquidated
sites of uranium mining and uranium processing.
There are still weaknesses and under-reclaimed sites
and unsealed former mines where environmental
pollution from leakages and soils containing uranium
and other radioactive isotopes may occur.

Research shows that specialists responsible for
radiation protection at secondary and lower levels are
not sufficiently theoretically and practically prepared
and the exercises conducted are not effective. It is
necessary for these specialists to undergo refresher
courses every year for both radiation and accidents
and other accidents. This would help to increase their
knowledge, skills and competencies. The management
of NASCRGTF is carried out professionally, according
to the requirements of the international organizations
and according to the domestic and international
legislation. An extension is needed from the team
of specialists working to monitor the radiation
background in Bulgaria, as well as improving their
financial and resource security [8].
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Abstract—Drilling of wells is accompanied by pollution
of all environmental components with drilling and process
waste. With drilling operations carried out, terrain and soil
mass disturbance occur first. Waste generated during the
drilling process includes drilling muds, return drilling muds,
drilling wastewater. The contaminating ability of drilling
waste is determined by the use of chemical reagents and
components involved in the preparation and processing of
drilling muds. The use of additives and reagents is necessary
to make sure the solution displays certain properties that
ensure effective well drilling. The resulting waste is usually
disposed of at landfills or is buried at the site of formation in
mud pits, ensuring minimal environmental impact. The use
of drill muds in other spheres is hindered by the complex
composition of oily waste.

The composition of liquid and solid fractions of drilling
muds from several deposits were studied in laboratory
setting. Waste samples were analyzed for moisture content,
organic substances, oil products and other substances.
According to the results of the research, measures for
improving the properties of drilling muds were developed
and proposed. For this purpose, an introduction of high
sorption substances to the waste is proposed.

The most effective should be the use of a sorbent
capable of retaining organic matters and heavy metals. The
resulting homogeneous soil-like mixture can be used for land
reclamation in the city areas and other settlements, when
performing planning works at the initial and final stages of
construction, as well as at landscaping residential areas.

Keywords—drilling  mud, land

reclamation, waste disposal.

laboratory  tests,

I.INTRODUCTION

Oil production exists and is developing in different
countries of the world for more than 110-140 years. Since
then, oil and gas production has increased more than 40
times. Now the new generation of drilling rigs are fully
automated, equipped with robots that minimize manual
labor, performing monotonous and dangerous types of
work on the rig [1] - [5].

However, if the equipment, procedures and drilling
technology have evolved over the years, then such by-
products of well drilling, like drilling muds, have been
placed and accumulated in mud pits of the drilling sites
for many years [5] — [7]. The importance of the problem
lies not only in the increasing amount of waste, but
also in their negative impact on all components of the
natural environment [8]. Wastes significantly change the
natural state of the geo-ecological environment, decrease

natural resistance of groundwater, activate geochemical
and geomechanical processes, and alter the natural
microbiocenosis [9] —[11].

Due to the complex component composition of oily
waste, the choice of its processing method is difficult. In
the oil industry, research and development is carried out
on the separate processing of drilling wastes, depending
on the conditions of their formation, their depth and shelf
life in mud pits [12] — [14]. Such an approach makes
way for the rational use of wastes as secondary material
resources.

Waste generated during the drilling process includes
drilling muds, return drilling muds, drilling wastewater.
The contaminating capacity of these wastes depends on
the type of chemical reagent and the components used in
the preparation and processing of drilling fluids in order to
provide the solution with certain properties that contribute
to more efficient drilling [15] —[17].

Most oil companies place drilling muds in mud pits
on their well pads to investigate ways to convert the muds
into fuel, fertilizers, and construction soil [16] — [20].

Simple backfilling of mud pits with soil after disposal,
without reclamation measures, leads to an increase in
anthropogenic load on the utilized area.

II. MATERIALS AND METHODS

The first goal of scientific research was to determine
the composition of drilling muds formed on the territory
of the Orenburg region. Material for studies was collected
on the territory of the Tsarichansky-Filatovsky deposit of
the Orenburg region, namely at the construction sites of
production wells No. 526 and No. 419. This deposit is the
largest discovered in the Orenburg region in recent years
and one of the most problematic in terms of geology in
the world. For such a challenging oil production, drilling
of high-tech wells with multi-stage hydraulic fracturing is
performed.

Constantly circulating drilling fluid, present in the
process of drilling, brings to the surface cuttings which
are later sent for temporary storage in a two-section mud
pit (Fig.1). The solid fraction of the waste is separated and
precipitated in the first receiving section, and the liquid
components flow through the overflow pipe into the
second section of the pit and are involved in the process
of recycling for repetitive use of the solution.
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Fig. 1. The two-section mud pit.

Table 1 and 2 present the estimated volumes and masses
of drilling waste generated during well construction.

TABLE I. ESTIMATED MAss AND VOLUME OF WASTE FROM
DriLLiNg WELL No. 419

Type of waste
Parameters e
Drilling o, .
muds Drilling fluids Wastewater
volume, m3 357 751 1500
mass, tonne 643 788 1516
TABLE IL EstiMATED Mass AND VoLUME OF
WasTE FROM DRILLING WELL No. 526
Type of waste
Parameters e
Drilling Drilling fluids Wastewater
muds
volume, m3 361 755 1511
mass, tonne 651 793 1526
Study

To determine the physical and chemical composition
of the resulting waste muds, liquid and solid fractions of
drilling waste were taken as samples. The samples were
collected in several parts of the mud pit, meeting the
following conditions:

- first sampling took place before the drilling mud was
exposed to the atmosphere,

- second sampling took place directly in the first
compartment of the mud pit, where the solid
components had precipitated,

- third sampling was carried out in the second
compartment of the pit where the liquid fraction had
accumulated.

The solid fraction before the study and after the
elimination of water and components soluble in organic
solvents is presented in Fig. 2 and 3 respectively. The
liquid fraction of the sample is presented in Fig. 4

Fig. 2. The sample to conduct research.
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Fig. 3. The sample after the elimination of water and components

soluble in organic solvents.

-—-—""

Fig. 4. The sample of liquid fraction.

I11. RESULTS AND DISCUSSION

The results of chemical analysis are presented in the
diagram (Fig. 5).

Based on the data obtained, the hazard class 4 of
drilling waste was determined. The results of the study
also showed similarity of drilling muds and surface rocks
that belong to soil-forming rocks.

Therefore, the resulting drilling fluid that has
undergone four-stage cleaning can be used as a feedstock
for the final decontamination and formation of artificial
soil.

Fig. 1. The percentage of pollutants in the sample of the solid
fraction of drilling muds (%): 1 - clay, 2 - calcium chloride,
3 - magnesium chloride, 4 - calcium carbonate, 5 - magnesium

carbonate, 6 - iron oxide

The utilization of such soils is possible only in
the case of their transformation and decontamination
by the additives that have no negative impact on the
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environment. Such substances include sorbents with high
sorption capacity.

There are currently several such sorbents utilized for
the disposal of drilling muds. Each has its own advantages.
The comparative analysis of groups of sorbents showed
that a destructive sorbent, which consists of carbon and
silicon dioxide, is the most effective for the considered
drilling waste. That is, the sorbent must exhibit the
properties of coal and silicate adsorbents. Such a sorbent
will be closest to the soil in its composition, and will allow
the fixation of organic substances and heavy metals.

For these purposes, the destructive sorbent C/I-1 was
analyzed. Ithas no artificial biodestructive microorganisms
in its composition. The oxidative activity of the sorbent
helps to improve the conditions for the development of
the local natural community of biodestructive species.

To apply the recommended method of disposal of
drilling wastes, we advise to analyze the possibility of
building a drill hole (at the preparatory stage) to determine
the feasibility of using this treatment technology. The next
recommendation is to provide a compartment directly in
the mud pit for further mixing of the drilling fluid with
the reagent. At the final stage of drilling waste treatment,
it is recommended to conduct intermediate monitoring of
the condition and composition of the obtained soil. After
all the necessary decontamination processes have taken
place, a fertile layer of 10-20 cm thick is created on the
reclaimed surface.

Iv.

To develop measures to reduce the negative impact
of drilling wastes on the environment, to decrease the
utilized volumes of drilling fluids, studies were conducted
on the composition of the liquid and solid fractions of
the resulting drilling wastes at several drilling sites in the
Orenburg region.

CONCLUSIONS

Based on the presented research results, possible
options for drilling waste disposal were analyzed to
determine the most optimal solution.

The recommendation is to use a sorbent, which allows
both to decontaminate drilling fluids and decrease their
hazardousness from class 4 to class 5, and also to obtain
artificial soil without hazardous properties.

The resulting soil mixture can serve as a mineral
base for the fertile layer when carrying out biological
reclamation, as a backfill at construction sites, in the
course of construction and finishing of field roadways
and field sites, as well as for reclaiming and backfilling of
open pits, trenches and other types of works that make use
of traditional soil.

Since, while being processed, the hazard class of
drilling muds goes down to 5, and the muds have no
negative impact on the environment, the resulting soil
may be used in the planning of construction sites of
settlements, as well as in land reclamation.

The economic effect from the use of sorbent (data
calculated for one well) is approximately 5 million rubles.
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Abstract—The development of all spheres of human
activity is associated with an increase in anthropogenic
pressure on environment. Metropolitan areas and large
cities are experiencing the greatest pressure. Both the
development of new areas adjacent to built-up areas, as well
as operating existing industrial and residential complexes
suffer the influences. The article presents the results of
a soil study conducted in the city of Novokuibyshevsk to
determine the prospects for future growth of the city. Soil
samples were taken throughout the city. When choosing
the place of sampling, the locations of highways, industrial
zones and residential buildings were taken into account. Soil
testing was carried out to obtain data on the concentrations
of heavy metals (lead, zinc, copper, cadmium, nickel,
manganese, etc.), as well as sulfates and nitrates. The results
were analyzed and contrasted with the standards and results
of previous years.

Based on the study of the current state of the soil, the
authors assessed the degree of pollution of urban soils in an
industrial city. In their study they proposed and developed
measures to improve the condition of the soil, namely,
analyzed the efficiency of using phytoremediation to reduce
soil contamination in residential areas of the city.

Keywords—land  reclamation, soil  contamination,
Pphytoremediation, soil examination, urban areas.

I. INTRODUCTION

Heavy metals today belong to the group of the most
dangerous toxic pollutants. The ingress of metals into
ecosystems leads to irreversible changes and disruption of
vital functions in many living organisms.

The main advantages of urbanized areas lie in their
suitability for ornamental plants, the ability to absorb
pollutants in depth and keep them from penetrating into
the soil and groundwater. When first heavy metals get

into the depth of soddy-podzolic soil, they gradually
come into contact with a layer of litter [1] — [3].

These contacts manifest themselves in different ways.
On the one hand, litter layer acts as a trap for heavy metals,
and on the other hand, the acquired saturation with water-
soluble organic elements leads to the transformation of
metals into a more migratory-active form.

Moreover, the predominance of heavy metals within
the ecosystem leads to their increased accumulation by

plant organisms [4] — [5]. As a result, we face changes in
the mass and composition of tree waste, in the nature of
its decomposition, and in the transformation of the humus
state of the soil. Changes in the properties of the soil cause
changes in soil processes and states, secondary pollution of
the urban area soil layer. The degree of soil contamination,
in turn, affects the attractiveness of residential areas. It is
no surprise that areas with a high level of pollution are
less attractive for the working population [6] — [9].

The objective of this study is to assess the degree of
urban soil pollution and to investigate the effectiveness of
using phytoremediation to reduce soil contamination [10]
— [12]. Phytoremediation is a highly efficient technology
for the decontamination from a number of organic and
inorganic pollutants. The potential of phytoremediation
for treating the areas contaminated with toxic agents
causes great interest in the sturdy of further restoration of
the environment by plants. In recent years, this technology
has gained great popularity, which is directly related to its
low cost [13]—[18].

II. MATERIALS AND METHODS

To determine the degree of soil contamination, samples
were taken in each area of the industrial city (Fig. 1). Soil
samples were also collected around the Petrochemical
complex within a radius of 5-6 km.

Fig. 1.

Soil study areas.

Soil samples were collected according to the following
wind rose directions: north, south, west, east, south-
west and south-cast, at a distance of 0 to 6 km from the
source of pollution. A test site of 100¥100 m, completely
reflecting the soil structure of the study area, was
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selected near the fixed points. Sampling was carried out
according to the “envelope” method of the test site: four
additional test pits were dug round each of the five points.
A monolith measuring 10*10*20 cm was cut from a pit
with a soil knife.

Of'the twenty-five individual samples of approximately
equal mass, a mixed sample was made up, from which
remains of vegetation, stones, etc., had been removed.
The soil was ground, mixed, then packed in a cloth bag or
paper box to be delievered to the laboratory.

Analysis of the samples taken is carried out in the
laboratory of the Center for Monitoring Environmental
Pollution. The measurements were taken using calibrated
instruments. Harmful substances were determined
according to the approved methods. The soil samples
were examined for heavy metals: cadmium, manganese,
copper, nickel, lead, zinc, aluminium.

In case there were not any agreed upon MPC
values for a specific element, the values obtained were
compared with the APC values. The findings were then
set against the background reference levels for pollutants
in the soils of Samara region (i.e. regional concentration
clarkes) to determine the degree of soil contamination in
Novokuybyshevsk.

The next stage of research was to determine
the effectiveness of phytoremediation in the urban
environment. For this, petunia seeds were used.

Soil for conducting experiments on the composition
and degree of contamination was taken similar to that
obtained in the first part of the research. The focus was on
pollutants such as zinc and copper.

1L

The results of soil contamination study are presented in
Fig. 2. Following the retrieval, the Quantum-Z atomic
absorption spectrometer was used to test the samples
for the presence of the main pollutants: aluminum (Al),
cadmium (Cd), manganese (Mn), copper (Cu), nickel
(Ni), lead (Pb), zinc (Zn). This method is based on the
phenomenon of selective absorption of optical radiation
(light) by free atoms of chemical elements.

RESULTS AND DISCUSSION

However, in two areas the values obtained exceeded those
of the regional concentration clarke (20 mg/kg) by 27.5%
(Group 7 - south-west) and by 39% (group 8).

Analysis of the total Pb content in sample soils
showed that its concentrations exceeded the background
level across the board. The concentration of lead ranged
from 6 to 27 mg/kg, with the average at 15.26 mg/kg,
which did not exceed the MPC value (32 mg/kg), but was
53% higher than the background reference level (10mg/
kg). The maximum value reached 1.8 MAC. The average
lead content in the city was 0.5 MAC. The values of the
regional concentration clarke were exceeded in seven
areas out of nine.

The analysis of data on the content of Cd in soils
showed that its content in samples taken from the northern,
western and southwestern areas was much closer to the
regional value The average and maximum content of
cadmium in the soil of the city was observed at the level
0f 0.2-0.4 of a permissible value.

The content of Zn in all soil samples was lower than
the existing MAC, although in some cases the number
of total forms of Zn in the soil was at the level of its
background. The following zinc concentration values
were obtained: the maximum value at 73.5 mg/kg, the
minimum value at 36.3 mg/kg and the 