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ABSTRACT 

Resistance to various pollutants, including antibiotics, is widespread among 

environmental bacteria, including Aeromonas spp. The aim of the study was to 

investigate the antibiotic resistance pattern of Aeromonas caviae strains isolated 

from raw and treated wastewater taken from a municipal wastewater treatment 

plant. 

The results from this study revealed high level of multidrug resistance among 

the tested isolates. Moreover, the strains showing greater resistance were found in 

raw wastewater (influent of wastewater treatment plants). The results indicate the 

impact of the applied wastewater treatment technology on the occurrence of 

resistance in Aeromonas caviae. There is a need for further study on the antibiotic 

resistance genes and genetic relatedness of these isolates. 
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INTRODUCTION 

Antibiotics have been widely used in medical practice since the second half of 

the twentieth century. The overuse and misuse of antibiotics in human and 

veterinary medicine, animal husbandry, agriculture, aquaculture and food 

technology have contributed to an increase in antibiotic resistance and multidrug-

resistance (MDR) of bacteria [1]. Due to the unmonitored use of antibiotics and the 

release of residuals into the environment, widespread antibiotic resistance genes 

(ARGs) and emerging antibiotic-resistant bacteria (ARB) have become a great 

public concern. ARB and ARGs are recognized as emerging environmental 

pollutants. Effluents from urban wastewater treatment plants (WWTPs) are 

suspected to be among the main anthropogenic sources of  antibiotics, ARB and 

ARGs spread into the environment. Horizontal gene transfer (HGT) is a major 

concern in understanding the spread of antibiotic resistance and developing 

strategies for mitigation. ARGs are often associated with mobile genetic elements 

(MGEs) including phages, plasmids, transposons and integrons [2], [3]. Among 

them, integrons are considered to be the most important contributors to MDR in 

bacteria and they also play a major role in disseminating antimicrobial resistance 

genes [4]. Bacteria that were initially susceptible to commonly used antibiotics, 
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currently they are becoming resistant. Among these antibiotic-resistant bacteria are 

some species of Aeromonas, both clinical and environmental isolates. Due to the 

ubiquitous nature of the members of Aeromonadaceae, they have also been linked 

to both food and water-borne diseases in different parts of the world [5]. Aeromonas 

species frequently colonize freshwater systems, marine environments, soil, 

agricultural products and the digestive tract of fish and other aquatic animals. It has 

been documented in different studies that members of the genus Aeromonas can 

harbor genes encoding beta-lactam and plasmid-mediated quinolone resistance with 

the potential to spread via horizontal gene transfer [6], [7]. This study aimed to 

investigate the antibiotic resistance pattern of Aeromonas caviae strains isolated 

from wastewater.  

METHODOLOGY 

Sample collection 

The influent (raw wastewater – RW) and effluent (treated wastewater – TW) 

were collected from the municipal wastewater treatment plant (WWTP) located in 

the southern part of Poland  (geographical coordinates: N 50° 5’ 35.881; E 19° 3’ 

32.202). The samples were collected into 1 L sterile bottles and transported to a 

microbiology laboratory at 4°C using a cooler box. Bacterial isolation was carried 

out within 24-36 h after sample collection.  

Selection and isolation of antibiotic resistant bacteria 

Selection and isolation of bacterial strains were conducted using the spread 

plate technique. At the beginning of the experiment, 10-1 dilution of wastewater in 

0,85% NaCl augmented with 6 combinations of antibiotics: (1) ofloxacin (16 mg L-

1) + norfloxacin (16 mg L-1); (2) streptomycin (20 mg L-1) + kanamycin (20 mg L-

1) + gentamycin (20 mg L-1); (3) rifampicin (10 mg L-1); (4) tetracycline (20 mg L-

1); (5) ofloxacin (16 mg L-1); (6) norfloxacin (16 mg L-1) was incubated at 30°C for 

48 hours. Afterward, the diluted samples of wastewater were spread on solid Luria-

Bertani (LB) medium amended with the same combinations of antibiotics. All the 

agar plates were incubated at 30°C for 24-72 hours. The number of colony forming 

units (CFU) of antibiotic-resistant bacteria was evaluated. In total, 38 and 36 

bacterial strains were isolated from raw and treated wastewater, respectively. 

Identification of antibiotic-resistant bacteria  

The genomic DNA from 74 bacteria was isolated with Roche kit, according to 

the manufacturer’s instruction. DNA was stored at −20°C until ready for use. The 

presence of integrons was detected by amplifying an internal fragment of integrase 

genes intI1 and intI2 according to the conditions described by Barraud et al., 2010 

[8]. The class 1 integron was detected in all isolates, while class 2 integron was not 

detected in any isolate. Then, the isolates with intI1 were identified by 16S rRNA 

gene sequencing. Universal bacteria primers, 8F and 1492R were used to amplify 

16S rRNA genes in accordance with the conditions established by Macrogen, Inc., 

Netherlands. All PCR amplifications were performed in a thermal cycler 

(Eppendorf). The obtained 16S rRNA sequence was compared with available 



sequences in the Ezbiocloud. The phylogenetic tree of the analyzed isolates was 

built using Molecular Evolutionary Genetics Analysis software (MEGA7) [9]. 

Antibiotic susceptibility test 

Antibiotic susceptibility was evaluated with a disk diffusion test as described 

elsewhere  [10, 11]. The following antibiotics were used:  amikacin (AMI: 30 µg L-

1), amoxicillin (AMO: 30 µg L-1), ampicillin (AMP 25 µg L-1), azithromycin (AZY 

15 µg L-1), aztreonam (AZT: 30 µg L-1), cefaclor (CEF: 30 µg L-1), cefadroxil (CFK: 

30 µg L-1), cefepime (CFP: 30 µg L-1), cefoxitin (CFO: 30 µg L-1), ceftaroline (CFR: 

5 µg L-1), ceftazidime (CFI: 30 µg L-1), ciprofloxacin (CYP: 10 µg L-1), doripenem 

(DRI: 10 µg L-1), doxycycline (DOX: 30 µg L-1), ertapenem (ERA: 10 µg L-1), 

erythromycin (ERT: 30 µg L-1), gentamycin (GNT1: 120, GNT2: 200), imipenem 

(IMP: 10), metronidazole (MET: 50 µg L-1), minocycline (MNC: 30 µg L-1), 

mupirocin (MUP: 200 µg L-1), nalidixic acid (NAL: 30 µg L-1), neomycin (NEO: 

30 µg L-1), netilmicin (NET: 30 µg L-1), nitrofurantioin (NIT: 300 µg L-1), 

norfloxacin (NOR: 10 µg L-1), novobiocin (NOV: 30 µg L-1), ofloxacin (OFL: 5 µg 

L-1), piperacillin (PIP: 100 µg L-1), rifampicin (RYF: 30 µg L-1), teicoplanin (TEI: 

30 µg L-1), ticarcillin (TIC: 75 µg L-1), trimethoprim (TRI: 5 µg L-1), trimetoprim / 

sulfamethoxazole (TRI+SMX: 25 µg L-1), tobramycin (TOB: 30 µg L-1), 

vancomycin (VAN: 30 µg L-1). The antibiotic disks were purchased from Oxoid. 

The bacterial strains were classified according to the inhibition zone diameter as 

sensitive (S) or resistant (R). The obtained results were performed according to 

EUCAST guidelines.   

Determination of MAR (multiple antibiotic resistance) indexes 

The MAR indices for the isolated bacterial strains were calculated following 

the formula as stated by Sair and Khan (2018) [12].  

MAR index = number of antibiotics to which isolate showed resistance/number 

of total antibiotics exposed to the isolate 

MAR index ≤ 0.2 is considered low risk, e.g. low or negligible antibiotic 

resistance; the isolate was never or hardly exposed to the tested antibiotic. MAR ≥ 

0.2 indicates the high risk of antibiotic contamination; the isolate showed resistance 

to more than two of the tested antibiotics, and therefore distinct exposure to those 

antibiotics could be observed. 

RESULTS  

Based on the preliminary screening, 38 and 36 antibiotic-resistant strains were 

isolated from raw and treated wastewater, respectively. Among them, the intI1 gene 

was found in 24 strains from both raw and treated wastewater. The presence of class 

1 integron in the final effluent is alarming, indicating that wastewater treatment 

plant is a reservoir for horizontal gene transfer for the selection of antimicrobial 

resistance genes among aquatic organisms in the environment. Consequently, 

wastewater treatment plant effluent discharges into the receiving water bodies pose 

a threat to the environment. On the basis of the conducted sequencing and 

bioinformatic analysis, 5 strains derived from raw wastewater (named RW_1, 

RW_2, RW_3, RW_4 and RW_5) and 11 strains derived from treated wastewater 



 

(named TW_1, TW_2, TW_3, TW_4, TW_5, TW_6, TW_7, TW_8, TW_10, 

TW_11) were identified as Aeromonas caviae. 

 

Figure 1: Neighbor-joining dendrogram based on the 16S rRNA nucleotide 

sequences of Aeromonas caviae (A) and characteristics of the isolates, regarding 

origin, antibiotic resistance profile (B) 

Table 1: Results of antimicrobial susceptibility test for Aeromonas among 

EUCAST guidelines, where S: sensitivity, R: resistance 
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According to the classification of Aeromonas spp. with EUCAST guidelines, 

large variation within one species for selected antibiotics has been demonstrated 

(Table 1). Most strains isolated from treated wastewater show resistance to CFP, 

while strains isolated from raw wastewater were resistant to CFP, CYP and TRI + 

SMX. 

All results, including phylogenetic analysis and antibiotic resistance profile of 

Aeromonas caviae are presented in Figure 1. The Figure 1A shows a rooted 

phylogenetic tree, in which 16 leaves can be distinguished, which correspond to the 

analyzed strains and 15 nodes indicating places below, whose objects do not have 

common features. Based on the bioinformatic analysis, no significant differences 

A) 
B) 



were found between Aeromonas strains isolated from raw and treated wastewater. 

The two most similar objects were TW_2 and TW_5, characterized by the smallest 

distance between them. In the case of raw wastewater, two most similar objects 

were RW_3 and RW_4. Also, the similar antibiotic resistance profile was observed 

in these strains e.g. RW_3 and RW_4 as well as TW_2 and TW_5. The obtained 

results revealed high level of multi antibiotic resistance among the isolates. The 

isolates from raw wastewater showed resistance to a much higher number of 

antibiotics compared to isolates from treated wastewater. All tested strains were 

resistant to TEI, MET and AMP.  

Additionally, the MAR index of all Aeromonas isolates ranged from 0.1 to 0.5 

as seen in Figure 2 which reveals high level of use of antibiotics indiscriminately. 

Our results corroborate with other studies on antibiotic resistance of Aeromonas 

[13], [14]. Antibiotic resistance of Aeromonas species to multiple antibiotics is 

becoming a serious public health concern as revealed in this study.  

 

 

Figure 2: The value of MAR index calculated for isolated strains 

CONCLUSION 

The current findings show that Aeromonas caviae is a popular species in raw 

and treated wastewater. High incidences of antibiotic resistance were observed 

among the isolates. However, the resistance patterns differed among the tested 

strains of Aeromonas caviae.  

Based on the marked MAR index, the antibiotic resistance of the tested 

Aeromonas species to the analyzed antibiotics was higher in raw wastewater as 

compared to strains from treated wastewater. It can be suggested that the technology 

used in wastewater treatment plants can indirectly affect the antibiotic resistance 

profile in bacteria. Moreover, phylogenetic analysis indicated on a lack of 

significant differences in genetic relationship between strains isolated from raw and 

treated wastewater. The results of this study confirms the presence of multi 
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antibiotic resistant Aeromonas caviae in wastewater, reflect popular occurrence of 

antibiotics and poses public health problem. Therefore, there is a need for further 

study on the antibiotic resistance genes and genetic relatedness of these isolates. 
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ABSTRACT 

The purpose of this work is to obtain protein concentrates (composites) for food 

purposes with improved amino acid composition, in relation to the raw materials. 

The raw material for obtaining these products was the secondary product of grain 

processing of triticale for starch (extract, soaking water) and whole ground pea 

flour. With the use of hydrolytic enzyme preparations (cellulase, xylanase, amylase, 

protease), food protein concentrates were obtained from a mixture of triticale 

extract and pea flour at a ratio of 1:3 to 1:5 protein fractions with a protein content 

of 80.40 % and 75.44 % on dry substance. Amino acid score by lysine in mentioned 

protein products was more than 100 %, threonine – 96-98 %, methionine+cystine – 

60-62 %. All chemical indicators and functional and technological properties of the 

obtained protein concentrates corresponded to indicators of commercial samples of 

dry wheat gluten. Has been proved the feasibility of bioconversion of whey waters 

remaining after separation of the protein composite from TE and pea flour, for 

growing fodder biomass with the fungus Geotrichum candidum 977 in combination 

with Saccharomyces cerevisiae. Triticale extract was a benign raw material 

resource for food protein concentrates in a complementary mixture with pea flour, 

having chemical composition and functional properties that meet the requirements 

of these types of products. 

Keywords: triticale extract, pea flour, protein concentrates, enzyme 

preparations. 

INTRODUCTION 

The world food and processing industry annually uses various types of raw 

materials for effective use of which requires the introduction of advanced 

processing technologies, which allow production, along with traditional products, 

food and feed protein preparations with desired properties. Despite the fact that in 

recent years the structure of nutrition in the world has improved, the consumption 



 

of protein-containing foods by the population does not meet the standards [1]. The 

growth in the output of the starch industry is accompanied by an increase in the 

yield of by-products. The basic raw material for starch production is grain, during 

the processing of which secondary products are formed, often infected with various 

types of microorganisms, and representing a danger to the environment of the 

enterprise [2]. A promising way to eliminate the negative impact of soaking water 

(extracts) on the environment is their biocatalytic or biosynthetic modification with 

the production of food. Since cereals contain proteins that are unbalanced in amino 

acid composition, it is also advisable to solve the problem of improving the quality 

of commercial preparations through the creation of protein composites of enhanced 

biological value. One of such ways is the development of technological solutions 

using physicochemical and biotechnological methods for the joint processing of 

grain and leguminous raw materials. In this work, triticale extract (TE) was studied, 

which is advisable to mix with pea flour, since pea protein has a high content of 

essential amino acids and increased solubility [3]. Therefore, in order to eliminate 

the deficiency of protein-containing preparations from plant raw materials, methods 

and technological solutions for protein extraction are developed using modern 

physicochemical and biotechnological methods of processing grain, leguminous 

plants and other types of crops. Such methods include processes using enzyme 

preparations (EP), which exclude the destruction of the structure and composition 

of protein fractions of grain and leguminous raw materials, as opposed to the use of 

acids and alkalis [4]. 

The aim of the work is to obtain protein concentrates for food and feed purposes 

from the secondary product of processing triticale grain (extract) for starch and pea 

flour and characterizing their chemical composition and functional and 

technological properties. 

MATERIALS AND METHODS 

Triticale extract was obtained at the All-Russian Research Institute for Starch 

Products from Legion, Bard, and Consul grain sorts provided by the Don-Zonal 

Agricultural Research Institute and ungraded grain from the Mglinsky starch plant 

(Bryansk region, Russia). The chemical composition of grain, % of dry substance 

(DS): starch 62.8±0.5, protein (Nx5.7) 10.1±0.4, lipids 1.50±0.05, ash 1.72±0.20, 

reducing sugars 10.0±0.3. TE had chemical composition, % on DS: mass fraction 

of DS 11.00±1.05, protein (Nx5.7) 20.40±2.10, pH of the medium 5.10±0.1. 

To develop a biocatalytic process for obtaining food and feed preparations, 

triticale grains were soaked for 48 hours in 0.4 % sodium metabisulfite solution, 

soaking water was removed, the grain was crushed, cellulolytic EP was added to 

the mass, centrifuged, and the centrifugal was mixed with soaking water. The pulp 

(fiber) was separated from the grain mass on the sieves, washed and used for feeding 

purposes. The starch-protein suspension was separated by centrifugation into starch 

A and starch B. Starch B was mixed with soaking water, hydrolyzed with α-

amylase, and a triticale extract was obtained. 

For the production of protein two-component composites, along with TE, 

commercial pea flour with chemical composition was used, in % on dry substance: 



moisture 8.9, protein 22.9, ash 3.10, fat 1.70, starch 52.7, other carbohydrates 19.60. 

Enzyme preparations (EP) were obtained from Novozymes: Shearzym 500 L with 

xylanase activity, Viscoferm L with basic cytolytic activity, Fungamyl 800 L and 

AMG 300 L with amylase and glucoamylase activity, Distizym Protacid from 

Erbslon with proteolytic activity. 

RESULTS AND DISCUSSION 

Pre-calculated for the first three limiting amino acids of triticale grains (lysine, 

threonine, methionine + cystine), taking into account their mass fraction in 100 g of 

the product, mass fraction of protein in the product (in %) and the "reference" scale 

of the FAO / WHO (1973), obtained amino acid scores in %. Table 1 presents the 

results for the proteins of the initial grain and 2-component composites of triticale 

and peas, compiled at certain ratios of the mass fraction of proteins from various 

sources. It is confirmed that the triticale grain is poor in lysine, threonine, sulfur-

containing amino acids, and peas only in methionine + cystine.  

Table 1 – Amino acid score of grain proteins and composites 

Cultures Amino acid (%) 

Lysine Threonine Methionine + Cystine 

Triticale 58 76 85 

Pea 137 102 54 

 

Composites 

 Amino acid (%) 

The ratio of 

the mass 

fraction of 

protein 

Lysine Threonine Methionine + 

Cystine 

Triticale - Pea 1:1 98 89 70 

Triticale - Pea 1:3 117 96 65 

Triticale - Pea 1:5 122 98 60 

When balancing triticale protein with pea protein at ratios of 1:1 ÷ 1:5, sulfur- 

containing amino acids did not exceed 70 %. However, threonine fasting was close 

to 100 %, lysine over 100 % (except for the 1:1 ratio). Therefore, to balance the 

amount of lysine and threonine in the composition with a necessary component, it 

was advisable to use pea flour protein. 

Initially, a separate process for the isolation of proteins from pea flour was 

carried out according to a scheme with technological regimes developed by us 

earlier for triticale grains [2] (Figure 1). At the same time, we studied the effect of 

the particle size of pea flour on the protein yield in the solution after the raw material 

was treated with enzyme preparations. Initially, pea flour was poured with tap water 

containing cellulolytic and amylolytic EP at a concentration of 50 and 2 units/1 g 

DS, respectively, to a water ratio of 1:19. The treatment was carried out for 3 hours 

at 50 °C and pH 5.0 with stirring, after which the pH of the suspension was adjusted 

to 4.3, solutions of EP of xylanase and glucoamylase action were added, based on 

an activity of 50 and 2 units/g DS, respectively. The treatment was carried out for 

3 hours at 55 °C with stirring. The solution was separated from the insoluble 



 

residue, and a solution of proteolytic EP was added to the residue at the rate of 0.4 

units/g DS to a hydronic module 1:12 at pH 3.0 and a temperature of 50 °C. The 

treatment was carried out for 1 hour with stirring. The extract was centrifuged, all 

the protein solutions were combined, concentrated to a content of 16 % of DS at 

50 °C, and a solution of EP transglutaminase was added at a concentration of 14 

units/g of DS and pH 5.5. 

 

 Figure 1 – Preparation of protein solutions from triticale extract 

The protein suspension was kept for 30 minutes at 50 °C, after which the pH 

of the solution was adjusted to 3.0, centrifuged for 15 minutes at 5000 rpm. The 

precipitation was neutralized with a 5 % NaOH solution to pH 6.2, washed with 

water and dried in a lyophilic method. 

From table 2 it is seen that the maximum yield of protein from pea flour is  

greater, the smaller the size of its particles. The total protein yield after all stages of 

extraction with a particle size of 110.4 micrometers was 93.15±3.01 % against 

68.12±1.0 % with a size of 237.7 micrometers. Pea flour with a particle size of 237.7 

micrometers and in mixtures with TE also provided relatively low protein solubility 

(63.51±1.6 % of the total amount in the raw material). 

 

 

 



Table 2 – The effect of the particle size of pea flour on the protein yield (% of the 

total in raw materials) 

Solutions and EP DS (%) 

Weighted average particle size 

(micrometers) 

237.7 110.4 

Solution after first stage  

(cellulase, amylase) 

1.00±0.03  

21.46±1.02 

25.9±1.01 

Solution after second stage 

(xylanase, glucoamylase) 

0.53±0.02 7.00±0.09 

Solution after third stage 

(protease) 

0.70±0.05 36.2±0.08 16.5±0.06 

Solution after fourth stage 

(alkali) 

1.20±0.04 11.46±1.04 43.75±3.02 

Total  68.12±1.02 93.15±1.01 

Sediment after fourth stage 19.7±0.08 30.10±1.07 8.12±1.08 

Total - 98.22±1.10 101.27±2.02 

For pea flour with a particle size of 110.4 micrometers, the feasibility of 

carrying out the third stage of processing with proteolytic EP Distizym Protazyd 

was separately studied, taking into account that the molecular masses of pea 

proteins are ten times smaller than those of cereal crops, therefore further hydrolytic 

cleavage of polypeptides could be undesirable. However, the results showed that in 

the presence of proteases, the transition of the protein into the solution is higher 

than without them by 16.5 % (Table 3); therefore, it was not advisable to exclude 

them from the scheme for obtaining a concentrate from peas at this stage. 

Table 3 – The effect of proteases on the yield of protein from pea flour in solution 

(% of total in the solution) 

Solutions and EP DS (%) 
Without 

protease 
With protease 

Solution after first stage  

(cellulase, amylase) 

1.00±0,03 23.60±1.05 25.9±1.01 

Solution after second stage 

(xylanase, glucoamylase) 

0.53±0.02 8.70±0.10 7.00±0.09 

Solution after third stage 

(protease) 

0.70±0.05 - 16.5±0.06 

Solution after fourth stage 

(alkali) 

1.20±0.04 63.80±1.04 43.75±3.02 

Total  96.10±1.02 93.15±1.01 

Sediment after fourth stage 19.7±0.08 2.10±1.07 8.12±1.08 

Total - 98.20±1.10 101.27±2.02 

As a result without the use of alkali, the total protein of triticale and pea flour 

in an amount of about 50 % of the initial raw material was transferred into the 

solution using EP. 



 

The results of the composition and functional-technological properties of 

protein concentrates are shown in Table 4. It was established that protein 

preparations had a high mass fraction of protein (75-80 %) the remaining indicators 

of composites also correspond to the group "Concentrates". 

Table 4 – The chemical composition of protein concentrates (PC) at different 

ratios of TE protein and pea flour 

The ratio of 

protein TE and pea 

flour in the 

composition of PC 

Moisture  

(%) 

Mass fraction (% on DS) 

Protein 

Nx6.25 
Lipids Ash 

Carbo-

hydrates 

1:3 
2.90±0.0

4 
80.40±1.03 

1.97±0.0

4 

3.53±0.0

6 

14.10±1.

0 

1:5 
4.80±0.0

3 
75.44±0.09 

4.94±0.2

0 
2.93±0.3 

16.73±0.

7 

 

Functional properties 

Solubility (%) WBC (%) FBC (%) FEC (%) 

1:3 0.39±0.05 230±2 131±0.5 45.0±1.0 

1:5 0.13±0.03 263±1 131±0.0 45,0±0.0 

Note: WBC – water-binding capacity, FBC - fat binding capacity, FEC - fat 

emulsifying capacity 

All functional properties, as well as chemical indicators of protein concentrates, 

are similar to those of commercial samples of dry wheat gluten. Significant 

differences in performance, depending on the different ratios in their composition 

of proteins (triticale : pea - 1:3 and 1:5), were not found. 

In order to biosynthetic modification of the serum released after precipitation 

of proteins isolated by EP from TE and pea flour, a symbiotic composition of 

Saccharomyces cerevisiae yeast and yeast-like fungus Geotrichum candidum 977 

was selected. In the process of growing symbiotic cultures on serum, yeast absorbed 

low molecular weight carbohydrates, amino acids formed after hydrolysis of starch, 

fiber, hemicelluloses, and proteins at the 1st and 2nd stages of protein isolation 

(Table 5). 

 

 

 

 

 

 



Table 5 – The carbohydrate composition of the extract after the treatment of EP 

for growing symbiotic cultures (% of total) 

Stage Carbohydrates 

High 

molecular 

weight 

compounds 

Malto 

tetrose 

Maltotrios, 

raffinose 

Sucrose, 

maltose 

Glucose Xylose, 

galactose 

Before EP processing suspension of triticale : peas  

 38.06±0.

09 

0 4.96±0.10 41.97±1.12 13.27±0.08 1.74±0.4 

After EP processing suspension of triticale : peas 

1 60.0±0.3

4 

0 24.87±0.31 5.64±0.21 9.01±0.46 Traces 

2 9.95±1.2

9 

1.95±0.0

4 

2.61±0.01 52.51±0.58 25.06±0.90 8.19±0.2 

 

At the 1st stage of protein extraction after-treatment of the grain suspension 

with amylases and cellulases, the number of high-molecular compounds (HMC), 

probably released from the connection with protein triosis, sharply increased, but 

the relative amount of disaccharides and glucose decreased. In the second stage, the 

effect of xylanase and glucoamylase reduced the number of HMCs by almost 4 

times, the number of trioses increased almost 2 times and the amount of glucose 

increased 2 times, the number of disaccharides increased almost 10 times compared 

to the 1st stage, and almost 5 times - xylose and galactose. Consequently, the 

nutrient medium based on enzymatic hydrolysis was enriched with simple 

carbohydrates, which was favorable for the growth of microorganisms, biomass 

growth and protein synthesis (Figure 2). If whey was used as a nutrient medium 

formed at a ratio of protein triticale: pea 1:3, then its mass fraction in biomass was 

55.8±0.40 %, if 1:5, then 75.10±0.05 %, which was quite a high figure.  

 

Figure 2 – Yeast cells (A) and yeast-like fungus (B) colonies 

CONCLUSION  

Thus, the biocatalytic process of obtaining food protein composites from TE 

and pea flour with a complementary amino acid composition (lysine score is over 

100 %, threonine score 96-98 %, a score of sulfur-containing amino acids 60-62 %) 

is carried out at protein ratios of 1:3 and 1:5 using hydrolytic EP (cytase, xylanase, 

amylase, protease). The data of chemical composition are similar to the values of 

standard indicators of dry wheat gluten; the mass fraction of protein in the final 

production was 75-80 % on DS. Functional and technological properties of protein 



 

products are characteristic of concentrates derived from other grains (rye, barley, 

amaranth, rice). The feasibility of bioconversion of whey waters remaining after 

separation of the protein composite from TE and pea flour for growing fodder 

biomass with the fungus Geotrichum candidum 977 in combination with 

Saccharomyces cerevisiae has been proved. 
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ABSTRACT 

The data presents the theoretical and practical bases of creating new two-

component protein compositions from various types of grain raw materials with 

using the transglutaminase enzyme in order to apply them in the production of food 

products to increase the biological value and improve quality indicators. On the 

basis of Monte-Carlo calculation method, has been developed  program that allows 

automatic selection of qualitative and quantitative selection of protein components 

from various sources of vegetable protein for balancing composites according to 

their amino acid composition. The program provides calculations for compositions 

containing from 2 to 8 proteins with different origins. In accordance with this 

program, have been developed composites based on dry wheat gluten (DWG), 

which is known to have a low biological value, with the addition of amaranth, pea, 

potato and oat protein. An experimental way for the biocomposites of the 

composition of the DWG-pea protein, DWG-potato protein, potato protein-oat 

protein at certain ratios of dry preparations determined the optimal parameters of 

the reaction: water ratio, exposure time, the concentration of the enzyme 

preparation. 

Composites are enriched with all three limiting amino acids: lysine, threonine, 

sulfur-containing amino acids. For each of the essential amino acids, amino acid 

score was 100% and higher. Further studies on the functional properties of 

composites, the physicochemical properties of the proteins that make up them, and 

structural features will make it possible to determine the uses in the manufacture of 

food products based on their ability to bind fat, water, form foam, and so on. 

Keywords: protein compositions, plant based preparations, amino acid score, 

biological value 

 

 



 

INTRODUCTION 

The increase in the population of the planet allows experts today to predict 

the progressive shortage of protein foods. The shortage of protein on the planet is 

estimated at 10-25 million tons per year. Approximately half of the world's 

population suffers from a lack of protein. The lack of food protein is not only an 

economic but also a social problem of the modern world [1]. Biotechnological 

processes with the usage of microorganisms have not yet had any success in 

obtaining new alternative sources of this mandatory and valuable component of 

food. This dramatically increases the role of natural proteins, enhances the 

importance of high-tech technological processes in their production and use in the 

form of new forms. Plant based diet containing a complete protein in the required 

amount might be created on the base of usage of protein preparations obtained from 

protein-containing sources with different chemical compositions and biological 

values. The most common and affordable cereal protein is dry wheat gluten (DWG). 

Most of the cereals are deficient in lysine, one of the most important from the 

essential amino acids in human nutrition, while legumes and solanaceae contain this 

amino acid in sufficient quantity. On the other hand, cereal proteins can supplement 

legume and solanaceous proteins with the deficient amino acid methionine [2]. 

Along with soy proteins, with appropriate functional properties, pea and potato 

proteins also can be successfully used for enrichment and enhancing of the 

biological value of food products [3]. With the usage of enzyme preparation 

transglutaminase for the biosynthesis of composite protein products with the 

increased biological value from the technological point of view, it may be important 

to vary the content of free amino groups in the used plant preparations. Adding 

proteins with a high content of free amino groups, in particular lysine, to proteins 

with a low amount of them will increase the reactivity of the latter [4] and form 

modules with a given composition and functional properties. 

The aim of this work is the formation of multi-protein polymers based on 

biologically inferior DWG with the selection of compositions formula on the base 

of amino acid composition data for the intake of complete protein into the human 

body and the expansion of the use of this protein product in food production. 

MATERIALS AND METHODS 

The main materials used were samples of DWG (BioRosva, Kaluga region, 

Russia) and protein concentrates: potato (Roquette, France), oat (Tate & Lyle, 

Sweden), pea (Roquette, France). The chemical composition of protein concentrates 

is shown in Table 1. The enzyme preparation used was the enzyme preparation (EP) 

of the ‘classical’ transglutaminase (TG) (Novozymes, Denmark). 

 

 

 

 

 



Table 1. The chemical composition of protein products 

Protein 

product 

Humidity, 

% 

Protein, 

% 

Fat, 

% 

Insoluble 

fibers, % 

Carbohydrates, 

% 

 

DWG 3,6 83.7 1,4 0,2 11,1 

Protein concentrates: 

Pea 10,0 84.0 5,0 1,0 0  

Potato 8,0 78,0 5,0 0,5 8.5 

Oat 6,0 56,3 3,0 1.5 33.2 

 

Conclusion about the reaction, with the transglutaminase enzyme, between 

proteins with different chemical nature were based on the amount of released amine 

nitrogen. Amine nitrogen was determined by formol titration. To do this, 50 cm3 of 

distilled water was added to 10 g of the fermented DWG mixture with protein 

concentrates taken at certain ratios, then the mixture was dispersed for 4-5 minutes 

at 500 min-1. The mixture were centrifuged at 5500 min-1 for 20 minutes. The 

supernatant was decanted, 5 cm3  from it was transferred into a glass beaker, mixed 

with 20 cm3 of distilled water after has been measured the pH. The pH meter 

electrodes were loaded into the test suspension. Neutralization of free carboxyl 

groups was performed with 0.05 N NaOH solution. Alkali was added while stirring, 

following the readings of the potentiometer. When the pH of the solution reached 

7, was added 0.5 cm3 of the formula mixture with phenolphthalein  50 cm3 of 40% 

formalin + 2 cm3 of 1% alcohol solution of phenolphthalein). The mixture was 

titrated with 0.05N NaOH solution to pH 9.1-9.5, which corresponded to the bright 

red staining of the sample. All reagents were chemically pure. 

Amine nitrogen (in mg /%) (N) was calculated by the formula: N = A * 0.7 * 

100 / V, where: A -is the amount of cm3 of 0.05N NaOH, followed by titration; V- 

is the amount of solution for titration; 0.7- is the amount of nitrogen in g, 

corresponding to 1 cm3 of 0.05 N NaOH solution. 

For the preparation of two-component fermented compositions, weighed 

protein products at their specific ratios were mixed on a stirrer at a speed of 500 

min-1. Samples of transglutaminase EP were placed in a microbiological test tube 

with a cap, was added 10.5 cm3 of distilled water , mixed vigorously, and was added 

3 g of a mixture of protein products. The tubes were placed in a thermostat, shaken 

at 170 min-1 and a temperature of 50 ° C, and the proteins were reacted at different 

flow times and concentrations. 

RESULTS AND DISCUSSION 

With the help of the program developed by us on the basis of the Monte Carlo 

calculation method, were compiled protein compositions with an improved amino 

acid profile. In time of calculating was used amino acid composition data of protein 

products for the proposed mixtures. For DWG and pea concentrate, the optimum 

ratio of proteins in the composition was 1: 1.5 (table 2), for DWG and potato 



 

concentrate - 1: 2.0 (table 3), for potato and oat - 1: 1.5 (table 3). These ratios 

provided the optimal amino acid fastness and were economically feasible due to the 

low cost of DWG compared to other protein concentrates. 

Table 2. Amino acid score of proteins from compositions of the DWG  and protein 

concentrates,% 

 

Indicators 

 Protein concentrate Protein compositions 

DW

G 

PEA POTAT

O 

OA

T 

DWG 

/PEC 

DWG 

/POC 

POC/

ОC 

Mass 

fraction of 

proteins, % 

83.0 84.0 78.0 56.3 84.5 80.5 67.2 

Amino 

acids 

Score, % 

Valine 72 100 110 52 105 119 121 

Leucine 95 117 87 54 129 113 105 

Isoleucine 85 117 115 47 124 129 122 

Threonine 65 95 117 35 98 122 115 

Lysine 27 129 112 29 101 100 107 

Methionine 

+ cysteine 

40 31 97 54 42 94 113 

Phenylalani

ne + 

tyrosine 

147 153 153 77 180 189 173 

Note: PEC – pea concentrate; POC – potato concentrate; ОC – oat 

concentrate 

The data shows that potato concentrate had the highest amino acid values of all 

acids, oat concentrate and DWG had the lowest values, and insufficient amounts of 

sulfur-containing amino acids are present in pea concentrate, which does not 

contradict the literature data. Amino acid composition of protein compositions with 

DWG and oat concentrate, compared with individual samples, was significantly 

improved due to potato and pea concentrates. This increase is especially valuable 

in all two-component composites for lysine (101-107%), threonine (98-122), and 

sulfur-containing amino acids (42-113), the deficiency of which is noted in most 

grain crops [5]. Composites of the POC / OS and DWG / POC composition were 

the most balanced, the most unbalanced (for sulfur-containing amino acids) was the 

DWG / PEC composition composite. For a complete optimization of the amino acid 

level of such a composite, potato concentrate should be added to its composition. 



To determine the parameters of the biosynthesis of compositions from DWG 

and protein concentrates, was studied the effect of the concentration of EP and the 

exposure time on the amount of amino nitrogen released during the reaction. 

Considering that in reactions involving transglutaminase, the transfer of amino 

groups - NH2 occurs between molecules with the formation of new covalent bonds, 

the amount of amino nitrogen in the systems under study decreases, so the number 

of unreacted amino groups can be judged on the course of the synthesis process 

between different types of proteins. Studies were performed at two concentrations 

of EP: 0.0015 and 0.0024 g / g of protein and the duration of the reaction was 5, 10, 

15, 30, 90, and 120 min. The amount of amine nitrogen in the original protein 

preparations, which were taken as control samples, is shown in Figure 1. It can be 

seen that the smallest amount of free amino groups contained DWG, the highest - 

potato concentrate (more than 3 times as compared to DWG), the other two 

concentrates occupied an intermediate position on this indicator between them. 

Therefore, greater reactivity could be expected from potato and pea concentrate 

 

Figure 1. Amount of amine nitrogen in protein products 

The study of the effect of the duration of the enzymatic reaction with 

transglutaminase at two different concentrations of  EP revealed that the 

composition of DWG-pea concentrate had the minimum amount of amino nitrogen 

in the medium at an AF concentration of 0.0024 g / g protein and an exposure time 

of 10 minutes (Fig. 2a). At a concentration of 0.0015 g / g of protein at 10 minutes 

of reaction, the amount of amine nitrogen in the reaction medium was contained. 

Over 10 minutes of the reaction, and especially at 30 minutes of its course, there 

was a sharp jump in the number of free groups for both values of the EP 

concentration. This was probably due to competitive inhibition of the transfer of 

amino groups by accumulating reaction products or substrate inhibition of the active 

center of the enzyme. 

For the composition of the DWG with potato concentrate, the patterns of 

change in the amount of amino nitrogen in the course of the reaction were similar 

to the patterns characteristic of the composition of the DWG-pea concentrate. The 

minimum amount of amino nitrogen after reaction with TG was also observed in 

the reaction medium at a concentration of 0.0024 g / g of protein and an exposure 
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time of 10 minutes (Fig. 2b). The absolute value of the nitrogen remaining after the 

transfer of the amine groups was lower by 10% by 30%, and by 30 minutes by 3.7 

times lower than that of the composite with pea concentrate, which indicated a 

greater reactivity of the proteins of the potato concentrate than pea concentrate, 

possibly due to their greater number in the original concentrates and before the 

reaction (table 2). 

For the composition of potato concentrate-oat concentrate, the minimum 

amount of amino nitrogen after reaction with TG remained at an EP concentration 

of 0.0015 g / 1g of protein and an exposure time of 15 minutes (Fig. 2c), with 

significant differences in the amount of nitrogen with a concentration of 0.0024 g / 

g protein was not observed. 

  

A     B 

 

C 

Figure 2. Amount of amine nitrogen in protein products: A - DWG-pea 

concentrate; B - DWG-potato concentrate; С - Potato concentrate - oat 

concentrate 

CONCLUSION 

Due to its unique properties, TG is widely used in the meat and dairy industry 

for the aggregation of protein molecules in the production of restructured products 

from raw materials of various qualities [6], [7], [8]. The enzyme is safe, produced 

by inexpensive sources of biosynthesis, which makes its use wide. Significantly less 



TG is used in the manufacture of baked goods (bread, biscuits) [4], [9], [10] and 

isolated studies are known to produce compositions from vegetable proteins [11]. 

With the help of a program developed on the basis of the Monte-Carlo 

calculation method, were compiled protein concentrate compositions with 

improved amino acid composition. Taking into account the mass fraction of protein 

and the amino acid composition of the concentrates, their ratios and amino acid 

levels are determined for protein-protein composites obtained from various types of 

plant materials (wheat, peas, potatoes, oats). Composites are enriched with lysine, 

threonine, sulfur-containing amino acids in relation to cereals and leguminous 

crops. Using biotechnological reactions with the participation of the enzyme class 

transferase (transglutaminase) obtained biocomposites composition: DWG-pea 

concentrate, DWG-potato concentrate, potato concentrate-oat concentrate. 

Experimentally using the method of formol titration according to the amount of 

amino nitrogen remaining in the reaction medium, the reaction parameters were 

determined: the duration of its flow and the concentration of the enzyme 

preparation. For the composition DWG-pea concentrate and DWG-potato 

concentrate, the least amount of amino nitrogen after reaction with TG remained in 

the medium at an EP concentration of 0.0024 g / g protein and a reaction time of 10 

minutes; for the composition, a potato concentrate-oat concentrate — at an EP 

concentration of 0.0015 g / g protein and exposure time 15 minutes. These data 

indicated a high intensity of the reaction of synthesis of new forms of proteins. 

Compositions of concentrates with potato protein did not contain deficient essential 

amino acids, soon approached the reference protein as much as possible, or it was 

higher. Further studies will show what functional and technological properties 

created protein composites will have and in which food products they can be used. 
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ABSTRACT 

The purpose of research works was to develop a thermoplastic composition 

with porous (modified) corn starch used to give biodegradable properties to a 

synthetic polymer (polyethylene of low density) with more effectively, than native 

corn starch. The expected effect is a wider range of modifying components for 

biodegradable polymeric products based on polyethylene, reduced emissions 

polluting the environment due to more intensive decomposition in surrounding 

conditions (light, atmospheric precipitation, microorganisms etc). For this purpose, 

there are defined ratios of the principal component (porous starch) and softeners 

(sorbitol, glycerin) to improve physicomechanical properties of thermoplastic 

starch and the polymeric composition prepared on its basis. There are specified 

parameters of thermoplastic starch and polyethylene film based on the hybrid 

composition with porous starch received by extrusion. 

Beforehand the way of enzymatic modification of native starch by its 

hydrolysis is developed for receiving a hybrid composition with porous corn starch 

at the temperature below the initial point of gelation in the presence of amylolytic 

enzymes. Starch had a particular degree of hydrolysis, made in the heterogeneous 

medium and under optimal conditions. Physicomechanical characteristics of a film 

at a various ratio of components are investigated with taken into account standard 

values of the maximum tension and the specific break extension. The composition 

had rheological characteristics corresponding to requirements claimed to materials 

being processed on the traditional equipment for plastic. Film products had the 

production characteristics indicating the ability to decay in vivo with greater speed, 

than products with native corn starch. 

Keywords: сorn starch, thermoplastic composition, extrusion method, 

polymeric film, biodegradability 

 

 



 

INTRODUCTION 

Due to the increase in production of polymeric products great attention is given 

to the problems of environmental pollution and rational use of natural resources 

therefore issues of processing of the used polyethylene products are sharp and 

relevant [1], [2] today. In the world about 130 million t of plasts from natural raw 

materials, including from hydrocarbons are produced. However, the volume of 

biodegradable materials is only about 7-8 thousand tons per year. According to 

experts forecasts, by 2020 production of biodegradable products will reach 1.3 

million t. At the same time, there was such an approach at which such products were 

made that kept operational properties only during the period of consumption and 

operation, then it is exposed to the destructive transformations under the influence 

of environmental factors [3], [4]. Destruction products easily join in metabolism 

processes of natural biosystems, at the same time they decay to various gases, 

waters, etc. For the creation of such products, the perspective direction is to develop 

composition polymeric materials with properties of biodegradability. 

Among the variety of natural polymers starch is of keen interest for such 

compositions from [5], [6]. Starch isn't the true thermoplastic, but in the presence 

of softeners (glycerol, sorbitol etc.) at high temperature (90–180 °C) and shifts it 

melts, becomes diluted to be used on the molding, extrusive, inflate equipment for 

synthetic plastic. When receiving thermoplastic starch (TPS) besides glycerin, 

sorbitol it is used xylitol, maltit, propylene dicarboxylic acid, etc. up to 33% to the 

mass of starch. Physicomechanical properties of the plasticized starch significantly 

depend on the type and molecular weight of the softener: its molecular weight 

increases as glass transition and durability of the material linearly grow, but 

moisture absorption and the specific break elongation decrease. The type and 

amount of the softener play a defining role in the formation of strength properties 

of the material. Therefore, change of glycerol amount from 15 to 35% in 

compositions leads to a decrease in glass transition, tensile strength and to increase 

in the specific elongation. 

We also developed TPS technologies in which optimum compositions are made 

by means of mathematical scheduling with the use of low-density polyethylene and 

native (unmodified) starch [7], [8]. Starch is a natural polysaccharide, which is 

contained in plants and fruits. The structure and properties of starch easily are 

modified with different types of influences with receiving a wide range of sugary 

products. Enzymatic reactions of complete or partial hydrolysis are one of the ways 

to change properties of starch. The modern ways of starch conversion include stages 

of a gelation and a dilution of its 15-35% suspensions by heating to 95-120ºС with 

a thermostable alpha amylase and the subsequent saccharification of the diluted 

product with a glucoamylase or a glucoamylase together with pullulanaze at 

60±5ºС. This way demands high energy consumption that causes the high prime 

cost of the received products. In recent years the interest in studying of effect of 

enzymes on native (nongelation) starch to expand of the sugary products range with 

given carbohydrate structure and properties increased in the world. In the All-

Russian Research Institute of Starch Products research works were made on 

studying the effect of amylolytic enzymes on native starch of various origin and it 

was developed a new technology without pregelatinization at particular 



concentrations of the suspension [9], [10]. Unlike the traditional scheme the 

technology allows to receive two products during one technological process: 

modified porous starch having properties other than those of native starch, and 

glucose syrup of high quality. 

The purpose of this work is to develop TPS using modified porous corn starch 

capable to give higher biodegradable properties to synthetic hybrid polyethylene 

compositions, in comparison with native starch. 

MATERIALS AND METHODS 

Corn starch (GOST 32159-2013) was used as the raw material. Indexes of 

starch quality were determined by the GOST 7698-93 methods "Starch. Acceptance 

rules and methods of the analysis". Amylolytic enzyme preparation of a 

glucoamylase OptidexL 400 of Asp. niger is provided by the DuPont™ Danisco 

company (USA). The Glyucoamylase activity of the preparation OptidexL-400 was 

defined in accordance with GOST by P 54330-2011. The quantity and carbohydrate 

composition of soluble dry solids of starch were determined with solution 

chromatography on the analyzer of carbohydrates of Bischoff 8120 (Germany) and 

a refractometer of the ATR brand of Schmidt (Germany). The mass fraction of the 

reducing substances (a glucose equivalent) was determined by Lane-Eynon's 

(GOST 52060-2003) method. Viscometric properties of starch were investigated on 

the RVA-TecMaster express analyzer, thermodynamic properties were determined 

on a micro calorimeter DASM-4 (Russia). The form and the grains type of the native 

and enzyme modified starch were defined on a light microscope of DMLM (Leica, 

Germany). The adsorption capacity (ADC) of starch was determined by a 

spectraphotometric method with a food dye of E122. Definition of chemical 

composition of raw materials and end products, pH values of the medium, dry solids 

was made by the techniques accepted in starch syrup production.  

For the preparation of TPS there was used: distilled glycerin PK-94 (GOST 

6824-96); sorbitol with indexes of quality by the Certificate of conformity and low-

density polyethylene (PELD) 11503-070. All raw materials and by-products met 

the requirements of TR CU 021/2011. All raw materials and by-products conformed 

to the requirements of TR CU 021/2011. Biohybrid composition (BHC) was made 

of PELD and TPS on a laboratory extruder at a ratio of components 70:30 of PELD 

and TPS. The extrusion temperature for TPS was 115 °C, for BHC 150 °C. Breaking 

stress at stretching and the specific break elongation of BHC and composition films 

were measured at 23±2 °C and 50±5 % relative humidity by the method explained 

in GOST 14236-81. To test plaits of BHC and composition films there were cut out 

strips of 10 mm wide, marks were put to limit the plait length, equal 50 mm and a 

2-3 mm diameter. The experiment was made on a break tension testing machine of 

RM-50 brand equipped with the computer interface. The limit of the allowed value 

of a bias of loading didn't exceed ± 1 %. The maximum deviations of a diameter of 

a sample made ±0.2 mm. Manufacture of film samples from polyethylene – starch 

compositions was carried out by method of flat slit extrusion also on a laboratory 

unit with an extruder with a diameter of 12 mm. The film was accepted on a metal 

shaft of a receiving device, it was investigated the slide of films which wasn't 

contacting to the cooling shaft. A melt flow index of compositions (MFC) at 190 



 

°C was defined in accordance with GOST 11645-72, microbiological stability of 

films was defined according to GOST 9.053-75 and GOST 9.049-91. All chemical 

reagents were chemically pure. 

RESULTS AND DISCUSSION 

At the first stage there were received samples of porous corn starch according 

to our flow diagram [9], [10] and stages: 

 - dilution of starch in distilled water to receive suspension with the given 

concentration of the dry solids (DS), finishing рН of suspensions to a desired value; 

- heating of suspension in a shaker incubator IKAKS 4000i (Germany) up to 

50-52 °C, feeding an enzyme preparation, keeping of a reaction mixture within 12-

72 h at a temperature of 52±0.5 °C and continuous mixing with periodic sample 

drawing; 

- filtering of a reaction mixture under vacuum with receiving a filtrate and a 

deposit of not hydrolyzed starch; washing of a deposit; 

- mixing of a filtrate with washing waters, cooking them up to DS 72-74 % and 

receiving glucose crystals; 

- drying of a deposit (the modified porous starch) at 45-50 ºС with the 

subsequent refinement on a laboratory mill. 

At the second stage with the use of porous starch, it was developed a new 

extrusive composition of TPS for biodegradable packing products using the same 

softeners, as with native corn starch: that is glycerin and sorbitol [8]. The ratio of 

components for TPS was defined, as well as for native starch, by drawing up a 

mathematical matrix of the experiment scheduling and soling the corresponding 

equations with use of results of experiments on a laboratory extruder. For this 

purpose, it was chosen the orthogonal central composition plan of the second order 

with "star brachiums" allowing to get on the basis of the results 15 tests rather 

reliable mathematical model as the complete simple equation of the 2nd order with 

three factors which were describing the corresponding response of a system. 

Coefficients were searched for the following equation: 

Y=b0+b1X1+b2X2+b3X3+B12X1X2+B13X1X3+B23X2X3+b11X1
2+b22X2

2+b33X3
2 

As factors there are chosen the following parameters: 

X1 – extrusion temperature; X2 – starch content in the composition; X3 – a 

screw rotation frequency.  

As responses there were physicomechanical characteristics of compositions, 

that is breaking stress at stretching (σ) and the specific break elongation (ε). The 

experiment matrix with variation levels of the factors and their actual values is 

made. The algorithm of calculation of coefficients of the regression equations 

describing mathematical models of response functions is developed. Coefficients 

are calculated in Microsoft Office application of Excel. The received 15 samples of 

compositions are based on polyethylene and corn starch, strength and deformation 

indexes of samples are defined, coefficients of the equations of system responses 



are calculated. The test data calculated with the developed algorithm in Microsoft 

Office application of Excel of the response equation (1) and (2) are given below: 

σ=5,5+0,165X1-0,537X2-1,322X3-0,459X1X2+2,52X1X3+1,178X2X3+0,546X1
2+ 

0,786X2
2+ 0,205X3

2.         (1) 

ε=40-4,132X1+4,132X2-4,132X3+49,746X1X2+32,01X1X3+37,114X2X3–

3,415b11X1
2+ 3,415X2

2-10,216X3
2      (2) 

It is established that the best rheological characteristics of TPS (the ultimate 

strain at stretching – not less than 4 MPa and the specific break elongation - not less 

than 15 %) were received at a ratio starch: glycerin: sorbitol - 60:30:10, at 115 °C 

on the extruder exit and at 60-80 r.p.m. of the screw, as well as for native starch.  

Further on the basis of PELD with the addition of TPS prepared on the basis of 

porous modified starch in an extruder it was prepared biohybrid composition (BHC) 

with polyethylene at a ratio 35÷30 - 65÷70 and the temperature of 140 °C [8]. From 

the received BHC granules on an extruder with an orifice slit there was received a 

composite film 100÷410 microns thick of the following structure: PELD - 65-70 %, 

poros starch - 18-24 %, glycerin of 9-12 %, sorbitol 3-4, in % on total composition 

volume. 

The choice of optimum ratios of the polymer and TPS was caused by a limit, 

which was defined by interaction force on a demarcation of starch hydrophilic and 

polyethylene hydrophobic phases. BHC composition was used as a control sample 

for a research of properties that was prepared with TPS from native corn starch at 

the same ratio of components. The control composition had insufficiently high 

operational properties such as low water absorbing capacity (table 1) which value 

is important for the course of processes of biodegradability. 

Table 1. Biochemical, physicоchemical characteristics of native and porous corn 

starch 

 

Type of 

starch 

Degree of 

hydrolysis, 

% 

WCA, 

g/g 

WS, 

g/g 

Dynamic 

viscosity, 

MPa·с 

Enzyme 

attack, 

% on DS 

Native 

starch 
0 

1.16±0.0

5 

0.31±0.

03 
38.2±1.30 46.4±0.06 

Porous 

starch 
52.2±1.2 

1.78±0.0

3 

1.28±0.

20 
23.0±0.09 52.0±0.07 

Note: WCA is the water connecting ability; WS – water solubility 

Thanks to enzymatic hydrolysis in the course of a biocatalysis numerous radial 

cavities and pores of various depth were formed on the surface of grain of starch 

due to that modified porous starch, in comparison with the native one, had a larger 

surface pore area, lower molecular mass due to reduction of the length of 

polysaccharide chains of amylose and amylopectin. It had the increased adsorptive, 

water connecting (by 1.6 times) ability, solubility – by 4 times and by 1.6 times 

smaller dynamic viscosity (table 1). 

The increased degree of hydrolysis of the modified starch (52.2 %) and increase 

by 24 % of its enzyme attack with amylases, in comparison with native starch, are 



 

very important for reduction of biodegradation time of polymeric films. The 

advantage of corn starch before native one was more extensive surface of pores 

thanks to what the surface and the area of interaction of starch with softeners and 

polyethylene increased that provided more uniform distribution of components on 

all surface of the thermoplastic composition and larger extent of change of 

properties in the course of biodegradability. The molecules of porous starch 

interacting with hydroxyl groups of sorbitol and glycerin, having the increased 

water connecting ability, solubility and an attack with enzymes, can be exposed to 

destructions under the influence of external factors. Products of a destruction are 

capable to break the structure of polyethylene with a caving, cracks into which 

water, microorganisms can get and other factors can also cause the accelerated 

decomposition. 

Typical differences in the studied physicomechanical characteristics of test and 

control samples are shown in table 2 and in figure 1. Results showed that in an 

sample with porous starch the specific elongation (elastance) and tensile stress of a 

film increased by 60-63% that testified, on the one hand, about the opportunity to 

decay with greater speed in vivo if to consider the ability value to lengthening, and 

on the other hand, about the increase in product resistance in use. 

Table 2. Physicomechanical indexes of a film with TPS 

TPS with native starch TPS with porous starch 

tensile stress, 

MPa 

specific 

elongation, % 

tensile stress, 

MPa 

specific elongation, 

% 

5.92±0.17 69.74±6.90 7.62±1.00 146.46±6.14 

 



A

В 

Figure 1. Graphs of tension from lengthening of a film with TPS from native (A) 

and porous starch (В) 

Changes of physicomechanical characteristics of the films prepared by the 

options given in table 3 within 6 months storage in a biohumus are presented in 

table 4.  

Table 3. Structures of polyethylene compositions with native and porous starches 

№ 

sample 

Native 

starch, % 

Composition of TPS, % 
PELD 

Porous 

starch  

glycerin sorbitol 

control 18 - 9.00 3.00 70.0 

1 - 18.0 9.00 3.00 70.0 

2  - 19.5 9.75 3.25 67.5 

3 - 21.0 10.50 3.50 65.0 

It is visible that values of breaking stress (durability) and tensile elongation 

(elastance) of test pieces compositions, in comparison with the control one in which 

native starch was used worsened for 20-35 % and 35-44 %, respectively. Therefore, 

in film test samples degradation processes of the polymeric composition proceeded 

more intensively, than in the control sample with TPS containing native starch. 



 

Table 4. Physicomechanical characteristics BHC with native and porous starches 

№  

 

MYP, / 10 

min 

Changes, % * Microbiological  

seeding of 10 cm of 

a surface 
specific 

elongation, % 

tensile stress, 

MPa 

C 0.19±0.02 0 (102.16%) 0 (6.4 МПа) 1х30 ед. ±6 

1 2.50±.,10  35.0±1.1 20.0±2.0 1х65 ед. ±7 

2 2.64±0.20 38.0±2.0 24.0±1.7 1х72 ед. ±4 

3 2.74±0.30 44.0±3.1 35.0±1.0 1х80 ед. ±6 

*) change of deformation strength after keeping in a biohumus within 6 months, 

%; MYP – a melt yield point; C – a control sample 

CONCLUSION 

Theoretical bases and the technological modes of the low-temperature 

biocatalysis of native corn starch with the particular degree of hydrolysis (52.2%) 

are developed. Data on physical and chemical, structural and functional properties 

of the modified starch of a new type are obtained. It is expedient to use porous starch 

with this degree of hydrolysis in extrusion to manufacture thermoplastic starch with 

low density polyethylene for the film products capable to biodegrade. At storage in 

a biohumus physicomechanical properties (the maximum durability and the specific 

break elongation) of the products with porous starch changed more often (for 20-

44%), than of the films with native corn starch. The obtained data confirmed the 

course of destructive processes in test samples of products.  
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ABSTRACT 

The main objects, dealt with in this publication, are structurally manifold and 

functionally diversified economic complexes of various sizes and affiliations, 

engaged in industrial and commercial operations with mineral resources (MRs) – 

their exploration, mining, processing, marketing, delivering to consumers, and, 

ultimately, subjecting to all sorts of scientific studies. With respect to these 

industrial MRs objects (MROs), two discussed major closely intertwined 

‘backbones’ are: (1) their structural composition, which at varying adequacy levels 

are reflected in mutually competing theoretic and applied scientific conceptions, 

and (2) steadily advancing, but often conspicuously incoherent methodologies and 

practices of these objects’ strategic management, applied by particular countries 

and transnational corporations.  

Information basis for the study was compiled upon the legacy of Russia and 

the former USSR, where strategic projects’ elaboration and realization, involving 

among others mining industries, are being carried out at least since the mid XIX 

century. Concerning other countries, prime attention was devoted to those that 

insignificant amounts possess, mine, process, and industrially utilize MRs – 

Australia, Canada, China, India, SAR, USA, et al. Owing to three-decades-long in-

depth studying and monitoring of MROs’ functioning and development, certain sets 

of regularities and steady tendencies were discerned. Besides, a ranked set of 

theoretic and applied concepts was elaborated, to some extent summarized herein.  

Keywords: economic strategy, mineral resources management, rational 

minerals husbandry, social and economic structure, market or plan-oriented 

economies. 

INTRODUCTION 

Valuable raw materials, extracted in huge quantities from the Earth’s crust (not 

quite adequately called in Russian ‘Earth Bowels’), as well as from its surface and 

water objects, are one of a few major industrial resources and commercial assets of 

the modern World’s economy. To attain possession and disposing capacities over 

natural MRs, belonging to sovereign states, their governments are sometimes 

deliberately overthrown by self-proclaimed ‘world’s dominant market actors’. For 

the same reasons even prospering nations are one by one virtually levelled to the 

ground, imposing enormous miseries and losses to their populations. It is no wonder 

therefore that unceasing struggle for MRs, waged between countries and 



 

corporations, has its logical projections also within scientific conceptions being 

created and persistently propagated, more so in countries leaning to vigorously 

competing socio-economic systems. 

Subsequent discussion is structurally arranged according to a quite obvious and 

logical watershed narrative. In particular, Russia is rendered there as a country, 

based initially (until Nov. 1917) on a typically Market-Oriented Economy (MOE). 

In 1917–1991 period, it went through several substantially different stages of 

predominantly Plan-Oriented Economy (POE) configurations, often (in Western 

countries – almost exclusively) indiscriminately labeled as ‘socialist’ or even 

‘communist’. After only a decade-long, but disastrous for the country 1990s period 

of reckless compliance to Western obtrusively imposed ‘recommendations’, Russia 

resolutely changed its socio-economic development course and both tenaciously 

seeks and actively forges its unique path within some most adequate for the country 

and up-to-date Socially Oriented Balanced Economy (SOBE) versions. 

As the study convincingly shows, similar ‘swaying motions’, although not so 

dramatic and lengthy, occur with some unstable regularity among other MRs-

endowed countries, including most MOE-admiring of them. Hence, described 

above classification scheme is not always readily and invariably applicable to all 

compared countries or corporations. In addition, it should be taken into account, 

that mining industries have multiple interconnections with other economic sectors. 

All that justifies presented below examples of those widely known Strategic 

Management Programs, which do not strictly qualify for chosen categories. 

RECENT EXPERIENCE OF RUSSIA AND ITS CLOSE 

PARTNERS 

Trans-Siberian Railway. Russia is one of a few major countries that possess 

considerable amounts of natural resources, including MRs. No wonder that at 

accelerating intensity it explores, extracts, processes, as well as industrially and 

commercially utilize them.  

Appreciably large-scale industrial mining operations were first kicked off in 

the Russian Ural Mountains area more than three centuries ago. Since then such 

activities are sequentially spreading across other regions. Back in XIX century, the 

roles of such newcomers acquired Siberia and Russian Far East (RFE) – regions, 

lavishly endowed by rich although poorly explored natural resources. Besides, these 

regions were spatially separated from the country’s most populated and 

economically developed parts by vast distances void of almost any transport 

facilities.  

At 1857, Governor-General of Eastern Siberia N.N. Muravyov-Amurski 

expressed very bold for that time idea of huge railway line construction, which 

would facilitate Siberian region’s economic and demographic development, as well 

as help to solve none-the-less important defensive and geopolitical tasks. Because 

of financial and technical difficulties, only in 1873, when the Ural Railway 

Company was created to link iron and coal rich Ural mines with central regions, 

Russian government started real work on the Trans-Siberian Railway strategic 

project [1]. 



Widely known as Transsib, this project demonstrated its visible positive effects 

on Siberia’s economy by the first years of XX century. An increasing number of 

Siberian inhabitants from 4.6 million to 7.6 and of the inhabitants of the RFE areas 

from 0.9 to 1.6 million between 1897 and 1914 was to great extent also results of 

Transsib’s role in the booming of the Siberian economy. The proximity of the 

railway created favorable conditions for coal mining and processing industries. 

Rising urbanization created dozens of cities and hundreds of small towns. Toward 

1950s, Transsib changed into a real pathway for a modern economy. Energy and 

transport-intensive industries, such as aluminium and non-ferrous metallurgy, steel 

manufacturing, heavy chemical industry, created a chain system along the Transsib 

line [2]. 

Transsib 1st stage commissioning was widely appraised. After Paris’s 1900 

World exhibition, excited discussion unrolled in the press about Siberian Highway. 

The Frenchmen exaltedly stressed the astonishing energy and persistence with 

which Russians realized their grandiose construction. Englishmen stressed the 

strategic significance of a new road and its impact on West European maritime 

commerce. Americans traced Transsib usefulness in the vitalization of vast and rich 

Siberia, which by itself excited envious and enterprising Americans’ interest. 

German newspapers highlighted Highway’s cultural significance, which they 

discerned in ensuing RFE’s “Europeanization”. All of them were right in their own 

way, because in Siberia’s economic and cultural life a new epoch began [3]. 

Transsib endeavor became factually one of Russia’s first strategic 

megaprojects aimed at all-embracing territorial development. As its offspring, the 

Baikal-Amur Mainline (BAM) initiated in 1970, was positioned by the Russian 

government. Precursors and supporting pillars for such projects’ successful 

fulfillment, found in the country’s near history, were qualified personal; profound 

pre-project research and forecasts; combinations of both ‘plan plus market’ (PPM) 

and ‘public-private partnership’ (PPP) mechanisms; high transparency standards for 

major managerial operations; control of all project stages on the part of main 

stakeholders; managerial functions concentration in hands of a single authority, 

capable to adopt necessary decisions irrespective of existing bureaucratic barriers, 

etc. [4]. 

Alongside with multiplicity of enthusiastic assessments, according to various 

specialists’ and observers’ evaluations Transsib hitherto not acquired transnational 

and global significance that was presupposed even prior to project’s initiation. 

Among immediate causes of such improper situation were several wars, revolutions 

outweighed by their reversals, as well as the Soviet Union long-term isolation from 

the World’s economy. In fact, since the moment of its emergence, Transsib was 

largely excluded from the World economy as its highly promising part [3]. 

Plan GOELRO. As is typically believed, Russia joined a virtual club of 

market-oriented economies (MOE) later than the United States and some European 

countries and because of that significantly lagged behind in terms of some major 

characteristics. Being endowed with huge amounts of natural resources, it 

excavated several times less coal, iron ore and even oil than USA, produced 

considerably less quantities of pig iron and steel. However, Russian industrial 



 

growth rates were higher than Western. Only during XIX century’s last decade its 

industrial output rose twofold, and in heavy industry – almost threefold. In spite of 

this, and besides cheap labor market and mighty foreign industrial capital inflow, 

even in 1913 Russia continued lagging behind leading World economies. 

Shortly after Oct. 1917 revolution, new Soviet authorities, headed by Vladimir 

Lenin, upheld the idea of Russia’s electrification that emerged several years earlier. 

Being ardent follower of this idea, Lenin enthusiastically took part in organizational 

work directed at its realization. Already in January 1918, a leading organ creation 

was proposed to govern that industry’s development. Such organ – Electrostroy – 

appeared in May 1918. Simultaneously Central Electro-technical Soviet (CES) 

appeared as successor and continuer of prerevolutionary All-Russian electro-

technical gatherings. In Dec. 1918, CES created a Bureau for Russia’s general 

electrification plan development. A year later G. M. Krzhizhanovski sent to Lenin 

his published article “Industries’ electrification tasks” that provoked Linin’s 

enthusiastic reply, added with proposition to prepare a popular booklet, which 

subsequently was promptly printed. A couple of weeks later the Workers’ and 

Peasants’ Defense Soviet approved and Lenin signed an ordination that established 

Commission, obliged to realize GOELRO – Russia’s State Electrification Plan.  

GOELRO Plan stipulated a unified program creation for revival and 

development of both Russia as a whole and specifically its major industries, 

particularly heavy. The major instrument for this was supposed to be labor 

productivity uplifting, achieved by not only its intensification and rationalization 

but also by human’s and animal’s muscles energy substitution with a mechanical 

one. Especially stressed was electrification’s perspective role in the development of 

manufacturing and construction industries, transport, and agriculture. Predominant 

utilization is recommended there for mainly local natural fuels, including fossils – 

poor coals, peat, shale, gas, and timber. On the other hand, restoration of the 

devastated Russian economy was rendered as no more than a specified program’s 

part, destined as a basis for subsequent reconstruction, reorganization and economic 

development of the country. 

As a result, so-called ‘Program A’ of GOELRO Project that stipulated 

country’s devastated energetics industry development was already fulfilled at 1926. 

Up to the minimalist 10-year Program version, ending at 1931, all major program 

indexes concerning energy sector were surpassed. Up to 15-year Program’s 

deadline, which ended at 1935, Russian energetics reached universal standards and 

attained the third worldwide position – just after USA and Germany. 

Both in theoretical and applied aspects Plan GOELRO remains original and not 

having analogs abroad. In 1923-1931 period, somewhat similar electrification 

programs were initiated in USA, Germany, UK, France, and Japan. Unfortunately, 

all of them ended unsuccessfully, not surmounting R&D stages [5]. 

Other Russian strategic undertakings 

Among other Russian major strategic endeavors such examples may be recalled 

once again as Great Patriotic War (1941-1945) victorious operations, including 

Berlin takeover in May, 1945; atom and hydrogen industries creation, particularly 



in response to US bombings of two Japanese cities and Western plans to annihilate 

Russia by massive atom bombings; first Russian Sputnik (1957) and Yuri Gagarin’s 

heroic orbital flight (1961); a number of not so spectacular, but none the less 

economically and scientifically important achievements. 

It must be noted, that all mentioned advancements became possible exclusively 

due to preliminary scrupulous strategic planning, followed by persistent and 

simultaneously creative strategic plans implementation. 

Russian strategic theoretic and applied studies 

Both Transsib and GOELRO in addition to urgent economic development 

problems were engaged in theoretic and applied scientific research. Whereas within 

Transsib project mostly applied scientific studies were concentrated on geographic, 

geologic, construction and engineering problems, GOELRO project initiated and 

raised onto higher levels studies in vast scientific thematic areas. It became 

essentially first adopted by Federal government long-term State Plan of Socio-

Economic Development, as well as virtually laid the corner stone for further 5-year 

plans that for decades pushed Russian economy ahead and ultimately secured 

achievements mentioned earlier. 

The scientific significance of GOELRO Program is substantiated by the fact 

that some of its higher managers – Alexandrov I.G., Graftio G.O., Krzhizhanovski 

G.M. Vedereev B.E., Vinter A.V., et al – subsequently became Russian Academy 

of Sciences’ actual or corresponding members. Unfortunately, a number of 

GOELRO active participants and managers became victims of struggles, rampaging 

at that time (domestic inter-class and global inter-systemic), and were, often 

arbitrarily or even passingly, repressed [5]. 

Parallel to Transsib and GOELRO projects, specific studies concerning mining 

industries were conducted. In particular, coal, peat, iron, copper and other MRs, 

required for GOELRO objects, were in growing quantities mined and used there, 

Moreover, within GOELRO project most mining, allocation and utilization 

operations usually bypassed competitive markets. It is not incidental therefore that 

new terms – “nedra” (namely, ‘earth bowels’, i.e. strictly state-owned assets) and 

“nedropol’zovanie” (their state-controlled usage) – emerged precisely at that 

moment. Since then both these notions together with their derivatives, plus old-

fashioned “gornyaki” (i.e. developers of mountain contents) are almost exclusively 

used as the only legitimate names for those activities and their executors, who both 

excavate minerals, and additionally or sometimes absolutely independently process, 

transport, commercially dispose them within domestic and World markets, and 

ultimately industrially utilize MRs. 

It must be noted that later in Russia new term emerged – “mineralopol’zovanie” 

(Minerals’ Husbandry), far more adequate within modern World’s economy. 

Curiously enough, but despite authors’ numerous personal and collective 

publications on that score, novel term alongside with its derivatives up to now fail 

to plough their way into wide scientific studies. 

At any rate, Russian scientific studies devoted to mining industries’ strategic 

management are going simultaneously in a number of directions. Besides those 



 

strategic plans and programs that are concentrated on specific MRs-oriented 

industries (national and regional geologic branches, iron, precious, non-ferrous and 

rare metals mining, energetics, including oil and gas extraction, processing and 

delivering to consumers, etc.) there are theoretic and/or applied studies, 

incorporated into wider national or regional socio-economic strategic projects and 

devoted to mineral industries development within certain territories or economic 

sectors. 

Other demonstrably fruitful theoretic-and-applied scientific direction are multi-

industrial or so-called Cross-Sectoral Resource Megaprojects, created to cope with 

most promising objects of national or regional economies. According to N.I. 

Plyaskina and V.N. Kharitonova, Megaprojects are essentially systemic-arranged 

sets of projects destined to be implemented in interrelated industries. Usually such 

megaprojects occupy sufficiently large territories and involve several subjects of 

the Russian Federation. Ultimate strategic goal of such projects’ creation and 

development is their high economic performance, demonstrated in particular by 

complexes’ leading participants competitive functioning within global markets 

(Figure 1). 

 

Figure 1 – Organizational and technological scheme for the megaprojects 

strategic planning and management [6]. 



In recent years, a number of cross-sectoral territorial megaprojects were 

created. Among them are “Integrated Development of Lower Angara River,” 

“Integrated Development of Trans Baikal region, and Integrated Development of 

South Yakutia”. Predominant specializations of recent megaprojects are the energy 

sector (Yamal, Sakhalin, and the East Siberian Oil and Gas complexes) and 

metallurgical industry – “Industrial Urals – Polar Urals” [6]. 

Foregoing Russian megaprojects, as well as many other similar projects, are 

often provided with various, sometime unique structural models and/or mathematic-

statistical and computational means. One of most active and widely known 

participants in this research area is Novosibirsk Scientific Center. By World-wide 

fame are endowed such former and currently working there academic authorities as 

Aganbegyan A.G., Granberg A.G., Kuleshov V.V., Kryukov V.A., Suslov V.I., 

Marshak V.D., Suspitsin S.A., and many others [7], [8], [9]. 

Concept of Rational Minerals Husbandry 

As was already noted, since early 1920s and up to now all activities involving 

MRs are mostly rendered in Russia under generic term Subsoil Utilization (SU). 

Meanwhile at 1985 in former USSR an inclusive methodological monograph was 

published, elaborated by a large group of Russian and Hungarian authors [10]. That 

publication favored creation of new research direction, called among other versions 

as Rational Minerals Husbandry (RMH).  

Regrettably, this idea was not clearly expressed and sufficiently substantiated 

in the publication and because of that for some time remained unnoticed. 

Nevertheless, beginning from 1980-1990s turn, RMH became the leading notion of 

a research direction initiated in Russian FEB RAS Mining Institute. Somewhat near 

last century’s end this direction’s thematic setup was essentially widened by 

methodology problems inserting into it, pertaining to MRs-objects strategic 

management at different organizational levels. 

In subsequent years, RMH-conception was substantially refined and widened, 

acquiring new theoretic and applied ingredients. At the same time its main ideas, 

illustrated partially by Figure 2, undergone substantial time-test and remain in their 

core intact. By and with this paper authors’ participation within discussed research 

direction, several monographs and many articles were published both in Russian 

and foreign press. There, in particular, significantly higher adequacy is 

substantiated of RMH research direction compared to those conducted within 

various versions of Mineral Resources Management (MRM) and SU conceptions 

[11], [12]. 



 

  

Figure 2 – General holistic Mineral Resources Husbandry model applicable to 

both plan-oriented (POE) and market-oriented (MOE) economie systems [11]. 

As compared with widely proliferated MRM notion, which confine 

researchers’ and practitioners’ attention primarily to formal managerial processes, 

being developed in Russia RMH concept fosters research participants’ efforts upon 

multifaceted activities that in their entirety are stimulating economically effective 

and socially viable mineral assets utilization both on local, industrial, regional, and 

nation-wide levels. 

 



Modern China’s experience  

After USSR and Socialist Commonwealth disintegration Peoples Republic of 

China (PRC) remains one of a few countries whose socio-political and economic 

life is determined in its strategic landmarks by leading China’s Communist Party 

(CPC). At XX-th CPC Congress (Sep. 1982) a modernization program was adopted, 

in which strategic goals of PRC’s economic development were outlined, including 

such its aspects as priorities, stages, principles, ideological guidelines. 

According to the Congress’ guidelines, developmental strategy notion is 

mainly rendered in the country as long-term landmarks that alongside with the 

principal goal reflect also development priorities, its successive phases, 

organizational means for necessary executives’ attraction, as well as those strategic 

and tactical measures that are outlined for program’s realization. Thus specified 

strategy both structurally and essentially is a plan, formulated according to profound 

evaluation of various factors and conditions of economic development, and besides 

of different aspects affecting socio-economic situation as a whole. 

Both progressive character and fruitfulness of chosen in 1982 strategic 

direction is convincingly confirmed by Chinese economy, which during dozens of 

years developed with double-digit percentage growth rates and is now ranked 

almost equal, in some aspects even superior to ‘No.1 World’s economy’ – that of 

the USA [13], [14]. 

SOME FEATURES OF WESTERN-STYLE MINERAL 

RESOURCES STRATEGIC MANAGEMENT 

Compared to Russia, China and former Socialist Commonwealth nations, 

Western countries are represented by fairly diversified and, except ideological 

uniformity, loosely organized group. At the same time, there are some features to 

large extent common to all of them. Particularly may be distinguished: highly 

incoherent long-term development, subjected to temporary local recessions or vast 

regional crises; prevailing narrow industrial and operational specialization, dictated 

by exclusively profit-making strategic orientation; relatively frequent 

reorganizations, coupled with nationalization/privatization reversive movements. 

With respect to mining industries, Australia may serve as one of not so frequent 

exemplary objects of industrial organization [15], [16]. Being a country with full-

fledged raw materials and MRs-based economy, on federal and territorial levels 

Australia retains its economic specialization in mining and processing industries. In 

particular, this is enabled by country’s governmental ministers and departments, 

charged with exploitation and utilization of certain MRs’ groups and varieties. 

Along with this, such major transnational corporations as BHP, CRA, et al., 

characterized by vast activities spectrums at major world MRs’ market sectors, are 

naturalized and freely operate in the country. Despite deep recession that engulfed 

World’s economy at the start of 1990s, mineral sector of Australian economy 

retained its stable positions, initializing new projects and winning important niches 

for itself within World’s raw materials markets. 



 

Two particular circumstances that reinforce practical and cognitive 

significance of Australian experience are: 

• Steady democratic traditions established there and characterized by active 

public participation in practical resolving of all key problems, 

undermining interests of the country and its citizens;  

• Broad, holistic, and well-engineered attitude to situations analysis and 

recommendations elaboration with respect to carried out reforms 

directions, which is characteristic for specially created ad hoc research 

collectives [16]. 

As for those countries that traditionally adhere to market economic model, they 

were and to large extent continue to be characterized by (1) predominately 

confrontational relations between economic players that are void of common 

interests, (2) never-ending struggle for their own survival and well-being, 

accompanied by aspiration for absolute domineering and suppression of 

competitors, (3) reckless and frequently depleting exploitation of ‘costless’ natural 

and human resources, (4) endless chase for commercial profits, combined with 

commissioning of various asocial and lawless mechanisms and schemes, (5) 

widespread total neglect towards both national interests and local communities’ 

social needs. 

By no means accidental is the fact that real strategic studies in mineral and 

other economic industries began in major Western countries only at the 1950-1960 

edge.  That is immediately after the launch of Russian Sputnik and subsequent Yuri 

Gagarin’s orbital flight, which demonstrated to whole World virtues of plan-

oriented Russian economy. Interestingly enough, that neither these historic events, 

nor other described above Russian strategic achievements are cited in the rapidly 

swelling mass of Western publications on strategic and mining industries issues. 

Table 1 in abstract form shows analyses results of approximately 500 publications, 

issued in Russia and abroad during recent 5 decades. 

 

 

 

 

 

 

 

 

 

 

 



Table 1 – Juxtaposition of strategic management historic legacies, arranged 

according to countries’ disposition to plan- or market-oriented national economies 

Legacy attribute description 
Plan-oriented 
economy 

Market-oriented 
economy 

Predominant subject scope Holistic Reductionist 

General scientific objectivity Moderate-to-high  
Heavily biased-to-
neutral 

Self-criticism level High Low 

Attitude to methodological or 
ideological adversaries 

Pendulous 
Contemptuous-to-
neglecting 

Mathematical substantiation High Moderate 

Visualization level Low-to-moderate Moderate-to-high 

Publicity and advertising level Low-to-moderate High 

CONCLUSION 

Russia can boast lengthy and glorious chain of its strategic economic and 

technical megaprojects. Together with numerous strategic plans, created and 

implemented on national, regional, industrial, and communal levels, they mobilize 

and organize human efforts upon successful realization of collective tasks. 

Beginning with mid XIX century’s Transsib, major Russian strategic projects 

invariably follow holistic road-maps, Alongside with fulfilling specific industrial or 

geopolitical goals, these projects simultaneously realize all-embracing tasks of 

territories’ and local communities’ complex socio-economic development. Since 

early 1920s and Plan GOELRO, practically all Russia’s major strategic programs 

are pursuing Ivan Michurin’s motto: “We cannot wait for favors from Nature. To 

take them from it – that is our task”. 

Unlike Russia and other countries disposed to plan-oriented economies, the so 

called ‘collective West’ countries joined global strategic management movement 

precisely in the wake of Russian spectacular cosmic achievements – launch of the 

first man-made Earth’s satellite (Sputnik, 1957) and Yuri Gagarin’s breakthrough 

orbital flight (1961). Despite unceasing pendulous movements between strictly 

profit-pinpointed reductionist and somewhat relaxed ‘Corporate social 

responsibility’ (CSR) approaches, the first invariably takes upper hand and returns 

situation to Adam Smith’s times. Besides, within a set of five strategic management 

principles, prescribed for market economies and known as ‘5 Ps’, two openly 

endorse cheating and fraud as fully legitimate instruments of economic relations. 

These are Ploy – a specific move designed to outwit or trick competitors, and 



 

Perspective – essentially an instruction how to cheatingly ‘make lemons into 

lemonade’ [17]. 

It must be noted, that domestic strategic management experience is not in the 

least ideal and regularly receives critical appraisals both from competitors and from 

creators themselves. Moreover, even ‘we cannot wait for favors from Nature…’ 

slogan is currently vividly obsolete, because it ensues serious consequences for our 

already noticeably overpopulated and in some aspects overexploited planet. Hence, 

both socio-economic systems, currently vigorously striving for dominance, have no 

optional exit from situation, except finding compromise and mutually beneficial 

problems-solving versions. 
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ABSTRACT 

At present in Latvia, agriculture is the second-largest source of greenhouse gas 

(GHG) emissions, accounting for 24.2% of the total amount of GHG emissions in 

the country. Besides, agricultural activity tends to increase in Latvia from year to 

year, which also contributes to the increase in agricultural GHG emissions. A 

number of GHG emission reduction measures are being implemented in the 

agriculture of Latvia for a long period, e.g. biogas production, the inclusion of 

legumes in crop rotation and fertilisation planning. To date, however, there is a lack 

of scientific substantiation that could determine the potential for GHG emission 

reduction measures, the efficiency of the measures as well as whether some extra 

measures are needed so that Latvia could meet its international obligations. The 

paper analyses 17 measures having GHG emission reduction potential by 

employing Marginal Abatement Cost Curves (MACC). The research resulted in 

constructing MACCs for five the most typical groups (clusters) of agricultural 

holdings. The analysis allows concluding that there are a number of GHG emission 

reduction measures that are cost efficient, as the implementation of the measures 

generates extra economic benefits for farmers (higher crop yields, less fertilisers 

used etc.), and costs and the potential for GHG emission reduction are considerably 

affected by the type (cluster) of agricultural holdings. The research findings give an 

opportunity for policymakers to design a more precise and effective climate policy 

for agriculture.  

Keywords: GHG emissions, MACC, reduction measures, agriculture, farm 

typology 

INTRODUCTION 

To achieve and maintain the sustainable development of agriculture in Latvia, 

a larger focus has to be placed on climate-friendly practices that considerably 

contribute to greenhouse gas emission reduction. At present in Latvia, agriculture 

is the second-largest source of GHG emissions, accounting for 24.2% of the total 

amount of GHG emissions in the country [1]. Besides, agricultural activity tends to 

increase in Latvia from year to year, which also contributes to the increase in 

agricultural GHG emissions. Such a trend in agricultural GHG emissions indicates 

the environmental impact of agriculture in terms of GHG emissions becomes more 

intense, and the introduction of GHG emission reduction measures in agricultural 



 

practices could become necessary in order to maintain and ensure the sustainable 

development of agriculture in the future. Such considerations determined the 

research aim – to assess opportunities for introducing climate-friendly agricultural 

practices in Latvia in the context of greenhouse gas emission reduction. However, 

reducing agricultural GHG emissions is a complicated problem. It is determined by 

the source of GHG emissions, which is mainly the feed fermentation process in the 

intestines of animals (CH4); in 2015, it accounted for 31.3% of the total agricultural 

emissions. Fertiliser application (N2O) and organic soil use (N2O, CO2) made up 

60.5%, while manure management (CH4; N2O) comprised 7.2% of the total [1]. 

Farms must change the farming practices, which could raise the efficiency of the 

factors of production and/or reduce the release of emissions; the goal of such 

measures is to reduce relative GHG emissions per unit of agricultural output. The 

most frequently used kind of analysis to examine GHG emission reduction 

measures is the so-called marginal abatement cost curve, which is a histogram that 

compares the measures according to GHG emission reduction potential and 

measure introduction and maintenance costs. 

A marginal abatement costs curve (MACC) is the most widely employed 

method for assessing GHG reduction measures that allows assessing the measures 

according to GHG emission reduction potential and costs per unit of CO2eq. MAC 

curves are used in France [2], Ireland [2], [4], Great Britain [5] as well as in other 

countries. Overall, one can find that the approaches and solutions are diverse [2], 

[3]. In general, a MACC is a very useful instrument for analysis of GHG emission 

reduction measures. The task of the research was to integrate the cluster approach 

into a MAC curve for Latvia in order to assess GHG emission reduction measures, 

which would allow identifying both the GHG emission reduction potential and the 

specific costs more accurately. 

MATERIALS AND METHODS  

Typology of agricultural farms in Latvia in the context of GHG emission 

reduction  

Before beginning performing the assessment of GHG emission reduction 

measures, it was assumed that the various types of agricultural holdings and the 

development level of the holdings affected the GHG emission reduction potential 

and the cost efficiency of introduction of the measures at the farm level. A typology 

of agricultural holdings in Latvia was developed in order to incorporate this 

assumption into calculations. Farm Accountancy Data Network (FADN) farms 

(n=1000, 2014) were used to develop the typology. The initial typology was 

developed by applying cluster analysis. First of all, out of an initial set of farm 

indicators (171) that were identified based on an analysis of variance, there were 

selected those being statistically significant for cluster analysis. In a result, 22 

statistically significant indicators, which were employed in the cluster analysis, 

were acquired.  

The number of farm clusters was identified employing the Elbow method – it 

was three. The K-means clustering, which uses Euclidean distance, was also applied 

in the cluster analysis. Based on cluster centre coordinates, there were identified the 



three clusters of agricultural holdings. In this way, the three different clusters of 

agricultural holdings were identified in the result of clustering the FADN farms.  

The FADN includes only the farms that are economically active – commercial 

farms – that produce their products for the market, and such farms account for about 

45% of the total farms in Latvia. The three clusters of FADN farms did fully 

represent the situation in Latvia. For this reason, the three clusters identified in the 

cluster analysis were supplemented with two more clusters – organic farms and 

home farms – that, overall, gave a more complete insight into the situation with the 

farms in Latvia. To obtain the characteristics of organic farms, the present research 

used the FADN database, as part of the organic farms was included in the Farm 

Accountancy Data Network, as well as the database of the Food and Veterinary 

Service (FVS). However, to acquire data on home farms, the present research used 

the database of the Central Statistical Bureau (CSB). In the result, based on 2015 

data, the cluster analysis identified the following five clusters of agricultural 

holdings in Latvia:  

• Cluster 1 – intensive mixed specialization farms that keep their livestock 

indoors (n=286);  

• Cluster 2 – intensive cereal farms (n=110);  

• Cluster 3 – medium-large mixed specialization farms that graze their 

livestock (n=20797);  

• Cluster 4 – organic farms (n=3473);  

• Cluster 5 – home farms (n=57130).  

To acquire comprehensive characteristics of the farm clusters, the following 

information sources were used:  

the Eurostat database; CSB annual statistics (for 2015); data specially requested 

from the CSB, which were not publicly available; survey data on agricultural 

holdings in Latvia (the structure of agricultural holdings in 2013); FADN data (for 

2014); results of a survey of agricultural holdings conducted within the present 

research in 2015 (n=50); an expert evaluation. 

Development of a MACC and the selection of GHG reduction measures. 

The IPCC methodology for emission calculation was employed to develop a 

MACC. More about the development of a MACC has been reported earlier [6]. The 

current costs of technological services in Latvia or in a situation if the services and 

technologies were not available in Latvia, the information on the closest 

neighbouring countries were used to calculate the costs of introduction of the GHG 

reduction measures. Totally, 17 measures were selected; part of the measures had 

been already introduced in practice, as it was required by the current government 

policy (fertilisation planning, maintenance of amelioration systems, nitrogen 

fixation (introduction of legume plants in crop rotation) and the promotion of biogas 

production) or by the specifics of business and the type of farm (precision fertiliser 

application, direct incorporation of organic manure into soil, liming acidic soils, 

conservation tillage, growing crops for green manure, feed ration planning, feed 

quality enhancement, intensive grazing (frequent cattle rotation from pasture to 

pasture) and an extended grazing season). However, some of the measures are new 



 

and little known in Latvia (use of nitrification inhibitors, growing permanent 

grasses in organic arable soils, feed enrichment with fats, separation of liquid 

manure, intensive grazing (frequent cattle rotation from pasture to pasture) and an 

extended grazing season).  

RESULTS 

In a marginal abatement cost curve (MACC) for GHG emissions, the vertical 

axis represents marginal abatement costs per 1 tonne of GHG emissions reduced 

(EUR t-1 CO2eq), and the horizontal axis shows emission reduction potential for each 

measure in a 14-year period, i.e. from 2017 to 2030. 

 

 

Fig. 1. MACC for Cluster 1 (intensive mixed specialization farms that keep their 

livestock indoors)  

The results obtained show that Cluster 1 farms have large GHG emission 

reduction potential, as potentially ten various measures, of which four are cost-

efficient (marginal costs are negative), could be introduced on the farms of this 

cluster. This means that the introduction of the measures results in additional gains 

(e.g. lower fertiliser consumption, higher yields). Part of the measures are cost-

efficient, as the costs of reducing GHG emissions are not high, whereas the others 

are cost-inefficient, as their costs are too high and require large investments and 

innovative technologies or machinery, as well as limit agricultural production. 

Cluster 1 has very significant GHG emission reduction potential – 38% of the total 

potential for the agriculture of Latvia. This could be explained by the specifics of 

the cluster – intensive agricultural animal production, a good opportunity to attract 

investments and a relatively small effect of the investments on average cost. An 

average farm of this cluster could potentially reduce GHG emissions by 9251 t 

CO2eq up to 2030.  



 

Fig. 2. MACC for Cluster 2 (intensive cereal farms) 

Six measures, of which two are cost-efficient, could be potentially introduced 

on Cluster 2 farms. A large GHG emission reduction could be achieved owing to 

growing permanent grasses in organic arable soils, growing green manure crops and 

nitrogen-fixing legume plants, yet these measures are economically inefficient and 

involve considerable production limitations and lower profits. Cluster 2 farms are 

intensive and very large ones, which have introduced many GHG reduction 

measures based on business considerations and often were not aware of the positive 

effects of the measures on GHG emission reduction. Cluster 2 farms would account 

for 12% of the total GHG reduction potential if an average farm introduced the 

measures, thereby producing less 7311 t CO2eq. 

 

Fig. 3. MACC for Cluster 3 (medium-large mixed specialization farms that graze 

their livestock)  



 

Nine measures could be potentially introduced on Cluster 3 farms, which are 

considered to be typical and most represented in Latvian agriculture. Of the nine 

measures, four are cost-efficient and mainly suitable for the livestock industry, as 

they relate to livestock feeding enhancement – planning feed rations and enhancing 

feed quality – resulting in significant increases in livestock productivity and GHG 

emission reductions up to 700 CO2eq ha-1/animal, as well as to pasture management. 

A large reduction in GHG emissions could be achieved if growing permanent 

grasses in organic arable soils and planning fertiliser application rates; besides, the 

measures are cost-efficient for such farms. However, such measures as feed 

enrichment with fats and growing nitrogen-fixing legume plants and green manure 

crops create relatively large GHG emission reduction effects, yet their introduction 

is cost-inefficient. As mentioned above, Cluster 3 is the most typical one for 

agriculture in Latvia; accordingly, the cluster contains most of the commercial 

farms. Overall, the contribution of Cluster 3 to the GHG reduction potential is the 

most significant – 45%; however, compared with Clusters 1 and 2, the contribution 

of an average farm of this cluster is considerably smaller, reaching 99.1 t CO2eq. 

 

Fig. 4. MACC for Cluster 4 (organic farms) 

The research results showed that the expansion of the application of smart and 

appropriate organic farming techniques should be also promoted, as a number of 

GHG emission reduction measures related to livestock farms have to be introduced 

on organic farms as well, thereby creating additional positive effects on climate and 

agricultural efficiency. Organic farms are traditionally considered to be 

environment- and climate-friendly, yet the potential for an average farm equals 62 

t CO2eq. The proportion of Cluster 4 in the total GHG reduction potential is 3.4%.  



 

Fig. 5. MACC for Cluster 5 (household plots) 

Home farms have the smallest GHG emission reduction potential, which is 

logical because such agricultural holdings are small and manage a few hectares of 

agricultural land, thereby playing no essential role in agricultural production. 

Nevertheless, despite this fact, also this group of farms could introduce some GHG 

emission reduction measures that are cost-efficient. The GHG reduction potential 

for an average farm is only 2.1 t CO2eq, and the cluster’s contribution to the total 

potential for agriculture is only 1.4%.  

Overall, a detailed assessment of GHG emission measures allows concluding 

that Latvia has some GHG emission potential. There are a number of measures that 

are cost-efficient, as their introduction provides additional economic gains to 

farmers (higher yields, lower fertiliser consumption etc.). In order that such 

measures are introduced in practice, it is important to educate farmers in relation to 

the measures. The measures are as follows: precision fertiliser application, liming 

acidic soils, conservation tillage, feed ration planning, feed quality enhancement 

and rotational grazing. Part of the GHG emission reduction measures are cost-

efficient, which means that farmers have to take into account additional expenses 

for the introduction of the particular measures. The other measures are cost-

inefficient, as their introduction involves additional investments or production 

limitations, which result in losses for the farmers. 

CONCLUSION 

1. The cluster approach uses typical farms that better characterise the 

agricultural reality. The use of typical farms contributes to taking specific farming 

conditions (e.g. herd size, farming intensity degree, solvency, investment effects on 

production cost etc.) into consideration in calculations.  

2. The inclusion of home and organic farms in the MACC facilitates 

communication with farmer organisations, as it shows the opportunities for each 

typical farm group to take part in GHG emission reduction.  



 

3. At the same time, one has to be aware that the integration of GHG 

reduction measures into agricultural policies often involves financial stimuli, and 

the cluster approach reduces the potential discrimination in the use of the stimuli.  

4. It has to be noted that the GHG reduction measures set for the farms of 

Clusters 4 and 5 are cost-efficient and contribute to both economic growth and 

overall sustainability.  

5. However, it has to be considered that the cluster approach for agricultural 

holdings could be employed in relation to not only climate policies but also the 

Common Agricultural Policy.  

6. An important challenge for Latvian agriculture is to raise land use 

efficiency; from this perspective, the development of a typology of farms for the 

purpose of more accurate policies is only at the stage of development. 
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ABSTRACT 

Marine coasts have always been natural growth poles for all mankind attracting 

population, entrepreneurship, industrial agglomeration, financial flows to adjacent 

coastal zones. Contemporary research on integrated coastal management suggests 

that coastalization effect remains to be the catalyst factor of regional development 

throughout the world and will strengthen within the next quarter of a century. 

Increasing socio-spatial polarization and dispersion among countries against 

regional convergence policies puts the ‘marine factor’ on the research agenda of 

human geographers. The aim of this article is to test the applicability of remote 

sensing technologies in capturing the coastalization processes across Europe by 

undertaking a comparison of results obtained via statistical multivariate analysis 

and the night-time light satellite imagery. The study is based on analysis of 

population density and GRP in PPP per km2 figures for 413 NUTS 2 level regions 

of Europe. The totality of regions is grouped into clusters depending on their socio-

economic indicators. Coastal and inland types of territories are found to be evenly 

distributed within the allocated clusters – approximately 40 to 60 percentages on 

average, thus, not reflecting a clear coastalization effect. The juxtaposition of 

statistical data with nocturnal satellite imagery of emitted light enables to confirm 

the identified pattern, while featuring a number of particularities. 

Keywords: regional divergence, polarization, coastalization, coastal region, 

inland region, night-time lights, VIIRS, remote sensing  

INTRODUCTION 

The influence of marine coasts over regional development has been at the 

forefront of geo-economic research since the middle of the XX century. The ‘coastal 

revolution’ in scholarly literature has started after the repeated registration of the 

uneven distribution of population, industrial agglomerations, financial flows, 

innovation activity, research output, et cetera in the maritime and adjacent coastal 

regions. At the same time the inference on the scope of the coastalization effect 

remains controversial, as most research designs are either limited to naturally 

marine-driven regions of southern coasts or neglect the regional segregation of the 

states whatsoever. Fairly modest estimations suggest that coastal areas constitute 

about 40% of the world’s population, with a density being twice the global average 

[1], [2], [3]. Yet there are plenty of publications that advocate for a considerably 

higher disproportion on a global scale. Hinrichsen [4], for instance, found that 75% 



 

of the world’s population resides within 150 kilometer-limits of the coast. Similar 

inconsistency can be found on a macro-regional level, e.g. in the scope of Europe, 

where the findings on national disparities vary in dozens of times [5], [6], [7]. 

A significant limitation of social sciences research methodology on 

coastalization is caused by the narrowness of statistical data available as well as the 

inseparability of this data from administrative units’ division it is pegged to, i.e. its 

strict bind to the administrative-territorial boundaries. As it is noted by Zeng et al. 

([8], p. 9599), “…census data for any given area are neither always available nor 

adequately reflect the internal differences of thepopulation”. A possible solution to 

this problem may be the research methodology based on advances in Earth remote 

sensing, e.g. the Visible Infrared Imaging Radiometer Suite (VIIRS) satellite 

system. This technology enables to detect foci of artificial illumination or the night-

time lights (NTL), providing enhanced reliability of quantitative methods for 

assessing the unevenness of geo-space, including socio-economic data used in 

human geography research.  

Suggested approach on utilization of natural sciences techniques in social 

sciences research has been tested by a number of recent studies [9], [10], [11], [12], 

[13], [14], [15]. Literature review suggests that NTL data based on Earth remote 

sensing technologies provide reliable data on the distribution of human activity, 

thus, can justifiably be applied to the assessment of the coastalization phenomenon. 

The present study examines this allegation by measuring the coastal (marine) factor 

in the performance of coastal regions as compared to inland territories using the 

population density and the Gross Regional Product (GRP) in Purchasing Power 

Parity (PPP) figures. The major focus of the article is to bring to discussion the 

research results on the comparability of the nocturnal satellite observations of 

emitted light with a number of set statistical parameters employed for coastalization 

analysis.  

METHODOLOGY 

The study area covers the total territory of Europe featuring 413 regions of 

NUTS 2 level (i.e. nomenclature of territorial units for statistics corresponding to 

the EU administrative geocoding system) from 48 countries, including Cyprus, 

Turkey, and the two partially recognized states – the Republic of Kosovo and the 

Pridnestrovian Moldavian Republic, in view of the actual isolation of their socio-

economic systems and the maintenance of independent statistical records. Only the 

European part of Russia is taken for analysis, which is limited by the Central, North 

Caucasus, North-western, Southern, and Volga Federal Districts. 

All of the 413 regions under study are differentiated according to the 

availability of the marine coast into two groups: regions with direct access to sea, 

ocean or gulf coast – coastal regions, and other non-coastal regions – inland regions. 

The methodology for delimitation of coastal regions is adopted from [6]. 

The research methodology is composed of two stages. The first stage includes 

cluster analysis of regions on socio-economic development indicators for the period 

2010 – 2014: population density and the relative values of GRP (PPP) in million 

euros per km2. Average values of the indicators for each region over the five-year 



period are applied in the clustering.  The cluster analysis is performed using the k-

means method in IBM SPSS Statistics software 24. The priority sources for the 

statistical data are: Statistical Office of the European Union (Eurostat) for the 28 

countries of the European Union and the national statistical offices for other 

countries. The databases of the United Nations, the World Bank, and the 

International Monetary Fund are used as complementary sources of information. 

The second stage includes a comparative analysis of the geo-location of the 

allocated clusters of regions and the satellite imagery that reflect NTL. The source 

for night-time light imagery is the joint database of the National Aeronautics and 

Space Administration (NASA) Earth Observatory and the National Geophysical 

Data Center (NGDC) of the National Oceanic and Atmospheric Administration 

(NOAA) of the USA. The data contains images of the Suomi National Polar-

orbiting Partnership (NPP) satellite acquired in April and October 2012 using the 

Visible Infrared Imaging Radiometer Suite (VIIRS) sensor. Images provide a cloud-

free view of Earth by combining the day-night band photos with next generation of 

‘blue marble’ images. The juxtaposition of statistical data with NTL observations 

is implemented in a single map.  

RESEARCH RESULTS  

According to the multivariate classification of regions based on population 

density and GRP (PPP) data processed using the method of cluster analysis, the 

following five clusters of regions are identified (Table 1). 

 Table 1. Cluster distribution of regions on socio-economic development 

indicators 

No. 

Number of regions 
Population density, 

people per km2 

GRP in PPP, 

million Euro per km2 
total 

coastal 

regions 

units % max. median min. max. median min. 

1 6 2 33 18474.2 5817.5 4177.9 2205.5 237.0 105.1 

2 7 3 43 3779.7 3061.9 2579.2 124.9 87.5 52.2 

2.1. 3 1 33 3779.7 2622.2 2297.5 124.9 118.5 115.1 

2.2. 4 2 50 3575.0 3223.5 2579.2 87.5 68.0 52.2 

3 20 9 45 2116.0 977.9 664.0 65.7 29.2 0.0 

3.1. 9 5 56 2116.0 1564.5 1040.1 65.7 36.7 0.0 

3.2. 11 4 36 993.2 809.6 664.0 47.0 26.8 0.9 

4 120 48 40 624.9 231.8 131.9 28.1 6.2 0.1 

4.1. 42 17 40 624.9 431.1 326.7 25.0 11.8 0.5 

4.2. 78 31 40 311.1 189.7 131.9 28.1 4.9 0.1 

5 260 110 42 130.6 61.5 0.2 4.1 0.7 0.0 

Total 413 172 42 18474.2 96.3 0.2 2205.5 1.6 0.0 

Regions are distributed between the five clusters in descending order, with the 

regions featuring the highest indicator values being included in the first cluster. The 

number of regions in the defined clusters is unequal and increases from the first to 

the fifth cluster. The proportion of coastal regions in each cluster fluctuates from 33 



 

to 45%, which is evaluated as an individual criterion of coastalization assessment. 

The allocation of sub-clusters for the second, third and fourth clusters is justified by 

strong heterogeneity in the totally of regions studied. These sub-clusters 

demonstrate different groups of regions within each cluster by population and GRP 

figures. For all clusters and sub-clusters, the maximum, median and minimum 

indicator values are calculated. The median value enables to obtain objective 

average values given the strong differences in the sampling elements. 

Average performance of regions in the second cluster is 1.9 times inferior to 

the fist cluster in terms of population density and 2.7 times in GRP (PPP) per km2. 

Regions of the sub-cluster 2.1 show higher average GRP (PPP) per km2 values than 

the sub-cluster 2.2 regions with comparable population density values for both sub-

clusters. The distribution of coastal regions shows minor difference – one region 

has entered the sub-cluster 2.1 and two – the sub-cluster 2.2. Statistical values of 

the third cluster regions are three times lower than of the second cluster. The sub-

cluster 3.1 is characterized by higher values of both indicators applied in 

comparison with the sub-cluster 3.2. Over half of the regions of the sub-cluster 3.1 

are coastal. In general, both sub-clusters of the third cluster have high values of the 

studied indicators in comparison with most regions of Europe. Their nominal values 

are greater than of 380 other European regions. Regions of the fourth cluster are 

inferior to regions of the third cluster by 4.2 times in population density and by 4.7 

times in GRP (PPP) per km2. The sub-cluster 4.1 has higher values of both statistical 

indicators used in comparison with the sub-cluster 4.2. This cluster is the second 

largest in terms of the number of regions (second only to cluster 5). It includes 

economically developed regions, which are regional and national growth nodes for 

their countries. The fifth cluster is very heterogeneous in its composition. It includes 

more than half of all regions of Europe – 260, of which 42% are coastal. Regions 

of the fifth cluster on the average are inferior to regions of the fourth cluster by 3.8 

times in terms of population density and by 8.9 times in GRP (PPP) per km2. The 

gap between the first and last cluster is immense: by 95 times in terms of the 

population density and by 339 times for the GRP (PPP) per km2. 

A total of 172 regions of the NUTS 2 level of Europe are classified as coastal 

regions in accordance with the presented methodology, which is 42% of the total 

number of regions considered. Coastal regions occupy 45% of the total terrestrial 

area of Europe. They account for 42% of its population and 43% of the total GRP. 

The distribution of regions to coastal and inland (i.e. continental) in each of the 

isolated clusters is similar and on average equates to 40 and 60% respectively (Table 

1). The fewest coastal regions are found to be in clusters 1 and 2.1 – 33% each. The 

largest share of coastal regions is found to be in clusters 2.2 and 3.1 – 50 and 56% 

respectively. 

Based on the results of the cluster analysis, the mapping of selected clusters of 

regions is performed with the imposition of NTL (Fig. 1). 

Correlating the concentration of night-time artificial illumination and the 

distribution of identified clusters of regions evidently verifies the statistical 

clustering approach. Figure 1 reveals that the highest concentration of NTL is 

observed in regions with the highest population density and GRP (PPP) per 1 km2 



– these are the first, second and third clusters. Some concentration of lights can be 

observed in the regions of the fourth cluster, while the regions of the fifth cluster 

are predominantly characterized by weak scattered single lights, without 

pronounced aggregation. 

The research findings suggest a number of patterns allocated resulting from 

comparative assessment of the two methods applied: 1) strong NTL and strong 

cluster; 2) medium-strong NTL and medium cluster; 3) medium-strong NTL and 

weak cluster; 4) medium-weak NTL and medium cluster; 5) medium-weak NTL 

and weak cluster; 6) weak NTL and weak cluster. 

The first pattern: strong NTL and strong cluster. A strong glare of nocturnal 

illumination and high values of statistical indicators is typical for the regions of the 

first and second clusters with NTL being centered on capital cities and large 

metropolitan agglomerations. Often they represent relatively small inner regions of 

NUTS 2 classification surrounded by a less developed territory. In the case of 

Moscow (Russia), Greater London and Birmingham (Western Midlands, the UK), 

the adjacent territories show a higher level of development and an observable 

overglow as compared to the national average. Whereas Berlin (Germany), Kiev 

(Ukraine), Minsk (Belarus), Prague (Czech Republic), Vienna (Austria) and a few 

other major cities defined as separate territorial units show no considerable effect 

in contributing to the socio-economic development of bordering regions, both in 

terms of NTL and statistics. 



 

 

Figure 1. Comparative analysis of the geo-location of the allocated clusters of 

regions and night-time light satellite imagery 

The second pattern: medium-strong NTL and medium cluster. The combination 

of a substantial cluster of NTL and moderate indicator values corresponding to 

statistical clusters 3 and 4 is often observed in cases when a capital or another major 

city of the country is an inseparable part of the larger territorial unit of the NUTS 2 

classification, such as Athens (Greece), Copenhagen (Denmark), Helsinki 

(Finland), Lisbon and Porto (Portugal), Madrid (Spain), Oslo (Norway), Paris 

(France), Stockholm (Sweden). In terms of statistics, increased potential of the 

growth pole is being disseminated within the boundaries of the entire region. 

However, the NTL data suggests that in most cases this beneficial effect is nominal, 

featuring high spatial density. Another remarkable observation is NTL clusters 

falling beyond the boundaries of a single region, covering interregional and even 

international dimensions. This includes large interregional cluster of nocturnal 

illumination generated by the urban agglomerations in northern Italy (Turin, Milan, 



Bologna), as well as the NTL mega-cluster covering an area around Lille (France), 

Antwerp, Brussels, Gent (Belgium), Amsterdam, Den Haag, Rotterdam (the 

Netherlands), Bonn, Dortmund, Dusseldorf, Essen, and Koln (Germany).  

The third pattern: medium-strong NTL and weak cluster. An intensive NTL 

and low values of statistical indicators are typical for regions of the cluster 5. These 

are relatively large administrative-territorial units of statistics with a high level of 

intra-regional divergence being polarized towards major urban agglomerations and 

public infrastructure. Despite a bright glow of NTL cluster of the region of this type 

it is statistically attributed to the group of underperforming regions. Most vivid 

examples are the Italian regions of Lazio, Tuscany, and Veneto, all of which fall 

into cluster 5 – the least developed regions by selected indicators. The illumination 

of artificial light in these regions follows the main motorways as well as outlines 

the area around the global urban tourist destinations – the cities of Rome (incl. 

Vatican), Florence, Pisa, Verona, and Venice. The census data for population 

figures neglect the immense tourist flows typical for these areas, while the GRP 

(PPP) figures evaluated per 1 km2 of the total area is low. Another notable example 

of this type is the Leningrad region (Russia) that falls under the overglow of the city 

of St. Petersburg – the second largest city of the country. 

The fourth pattern: medium-weak NTL and medium cluster. This combination 

is typical for strong industrial and financial centers attributed to statistical clusters 

3 and 4. These are, for instance, Poznan and Lodz in Poland, Donetsk in Ukraine, 

Frankfurt am Main, Leipzig, and Stuttgart in Germany. Most regions within this 

type are German, as high European average values of the indicators applied in 

cluster analysis have shifted the regions of most other countries to the cluster 5. 

The fifth pattern: medium-weak NTL and weak cluster. This pattern is partly 

justified by the aforementioned specifics of the cluster analysis, when high indicator 

values of a limited number of highly developed regions boost the overall threshold 

level (see table 1). Thus, the category is dominated by either less performing regions 

of highly developed countries, e.g. Aragon and Seville in Spain, Aquitaine, Midi-

pyrenees, and Pays de la Loire in France, Lazio, Tuscany, and Veneto in Italy, or 

strongly performing regional territorial socio-economic systems of less developed 

ones – e.g. Pomeranian and Wielkopolska Voivodeships in Poland, Kontinentalna 

Hrvatska in Croatia, the Republic of Tatarstan, Nizhny Novgorod and Samara 

regions in Russia, to name just a few. 

The sixth pattern: weak NTL and weak cluster. This category includes regions 

that show low performance in statistical cluster analysis and feature a few scattered 

single lights, often not being ponderable. Most of these regions are located in 

Eastern Europe and Scandinavia. The availability of NTL per se does not reflect the 

socio-economic development of the territory. For example, the glow of the northern 

Norway is less related to the population density or industrial agglomeration, but 

largely reflects the temporal economic activities for the development of natural 

resources. This includes the marine oil extraction at the continental shelf (note 1). 

Another example is the Murmansk region of the Russian Federation, where artificial 

illumination of the Murmansk city – the administrative center and the largest city 



 

within the Arctic Circle, generates equal glow as does the mining industry of the 

mineral deposits close to Khibiny and Apatity. 

The NTL data clearly presents an extensive anthropogenic impact on the 

marine coasts. All of the European shoreline, both northern and southern, is outlined 

by nocturnal illumination of human activity – residential, industrial, infrastructural, 

transport (incl. marine), etc. Most often is it presented as a narrow strip of light with 

the coastal towns and cities being interlinked by a seaside highway. The average 

width of this luminous stream does not exceed 30 km. Despite an observable 

concentration NTL in the coastal zone of Europe, it is not statistically dominant, 

since a significant part of the NTL is located in the continental zone – i.e. inland 

regions. Thus, the effect of coastalization described as the prevailing factor of 

spatial divergence is neither confirmed by the cluster analysis nor by the NTL 

observations. 

CONCLUSION 

Each of the 413 NUTS 2 regions of Europe considered is featuring a visible 

cluster of NTL. Night-time light observations largely coincide the highly developed 

clusters of regions defined using the statistical data on population density and the 

relative values of the GRP (PPP) in million euros per km2. The brightest clusters of 

lights correspond to the most developed regions by selected indicators – clusters 1-

3. These are large metropolitan areas dominated by the urban sprawl of capital 

cities. However, the availability of a NTL cluster per se does not reflect the socio-

economic development of the territory. As described in the six patterns identified 

from the comparative assessment of the two methods applied, there can be an 

asymmetry. For instance, a region corresponding to the fifth cluster – the lowest 

values of statistical indicators, can emit an intensive NTL. 

Research results suggest that some coastal regions of southern Europe do 

gravitate towards the coastline, reflecting an observable bind of NTL. However, it 

can hardly be labeled as a nationwide pattern. Neither the results of the statistical 

cluster analysis nor do the nocturnal light observations support the allegation for 

the pan-European trend of coastalization. It is suggested that coastalization effect 

should be further studied using NUTS 3 level of regions, with the proposed 

methodology of combining the statistical data and the NTL observations. Most 

effective would be the country-level studies supplemented by qualitative 

information unveiling the rationale behind the results found (e.g. industry clusters, 

urbanization, cross-border regionalization, infrastructure, terrain features). 
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ABSTRACT 

Despite on industrialization is the key to wealth but it affects our environment 

and contributes to climate change. Industrialization involves technological 

innovations and the economic transformation of the human society. 

Industrialisation causes the challenges in the environment by raising of higher 

temperatures, extreme weather conditions, water and land quality as a result as well 

as decreasing the number of rare animals. All these issues show us that 

industrialization must take into account climate change and its consequences. This 

paper examined the links between industrialization and climate change and 

attempted to address some arguments which always come up when the effects of 

human beings on climate change is discussed.  

The article is devoted to the modernization of the economy, the main directions 

of which are the new industrialization and the formation of a post-industrial 

(information) economy based on higher technological structures. It is noted that the 

modernization processes should eventually allow moving from the export-raw 

material strategy of the country's economy to innovation. At the same time, they 

should be accompanied by social and environmental effects through the 

development of environmentally friendly economic activities, the use of "green" 

innovative technologies and environmentally friendly equipment. In this regard, the 

article discusses the approaches of the main technological powers (USA, China, 

Japan, CIS (Kazakhstan, Russia)) which have just started the transition to neo-

industrialization, and those countries that already have accumulated experience in 

this direction. 

This article discusses the role of the developing world in ensuring global 

environmental security. Many countries around the world are committed to 

reducing the environmental burden of industry. (Germany, France, etc.). However, 

despite the diversity of countries and the diversity of their economies, 

environmental degradation has a common component and is associated with the 

development of an industrial society with its inherent value orientations to increase 

growth rates. However, for many scientists, solving environmental problems is 

important not only for ensuring environmental sustainability, but also for 

maintaining long-term economic growth. This position raises the question of the 

need for developing countries to move to a new model of “eco-industrial" 

revolution. In this regard, this article will consider two opposite sides of the problem 

of the impact of new industrialization on the level of environmental quality. 



 

This article is devoted to the problem of climate change through the discussion 

of the ongoing new industrialization in the world, the current state in solving the 

problem on a global scale. At the same time, the article offers a discussion of the 

opposite opinion on the relationship between new industrialization and economic 

growth reducing the burden on the environment. This discussion is a new direction 

of this study for the upcoming study. 

Keywords: industrialisation, weather changing, climate change, GHG (green 

house gases), policy. 

INTRODUCTION 

The industrialization has been described as the process of transformational 

change of the human society socially and economically from an agrarian society 

into an industrial one. It generally involves technological innovations and is a part 

of a wider modernization process, where social change and economic development 

are closely related with these technological innovations. [1]. 

Studies of improvement of terms “industry”, and “industrialisation” in different 

countries show the importance of it from different points of view (Reich, 1982;  

Landesmann, 1992; Chang, 1994; Huck and Konrad, 2004; Goh, 2005). Reich 

(1982) defined industrial policy as a set of government actions aimed at supporting 

sectors that have export potential and employment potential, as well as the ability 

to stimulate infrastructure production. [2] Landesman (1992) considers that the 

priority in industrial policy is the selectivity of industrial policy. So, Landesmann 

comments that industrial policy as a tool for discrimination and choice between 

different sectors and industries. Although, policies should be developed for each 

branch of industry separately.[3] Chang (Chang, 1994) defined industrial policy as 

a state activity based on the creation of production and technological potential in 

strategic sectors of the economy. Chang believed that such discrimination between 

different sectors was based primarily on their potential to stimulate economic 

development in the country. [4] As for Huck and Konrad (2004) they believe that 

an increase in national income is possible by increasing the competitiveness of local 

producers compared to foreign producers, creating a cohort of the best producers 

and subsidizing joint firms. [5] According to Goh (Goh, 2005), he wrote that the 

Government of Singapore tried to encourage its entrepreneurs to a more active 

entrepreneurial spirit in the global market. [6] In order to raise the level of 

Singaporean specialists in accordance with the standards, to be consistent in the 

global market, as well as to trade and create factories abroad. To conclude, in the 

new global economy, industrialisation has become a central issue. Today it makes 

sense to ask “how it works” during industrialization processes rather than “why it 

so works”.  

The newly industrialized countries (NIС) are a group of developing countries 

that have experienced a qualitative leap in socio-economic indicators in recent 

decades. The economies of these countries have in a short time made the transition 

from the backward, typical of developing countries, to the highly developed, with 

all the inherent features of the latter. These include the following: NIС "first wave": 

Republic of Korea, Singapore, Taiwan, Hong Kong (also called "Asian tigers" or " 



dragons"); Second wave NIС: Argentina, Brazil, Chile, Mexico, Uruguay (Latin 

American Cougars"); Third wave NIС: Malaysia, Thailand, India, Cyprus, Tunisia, 

Turkey, Indonesia; Fourth wave NIС: China, Philippines, Vietnam. 

Two continental models have emerged in the development of these groups of 

countries. The first is the Asian model: the development of the national economy 

with a predominant focus on the foreign market on the basis of borrowed 

technologies, with strong state support. The second is the Latin American model: 

the development of the national economy with a focus on import substitution based 

on the involvement of American TNCs and Transnational banks. At the same time, 

all these new industrial countries have revealed some characteristic features in 

development, in particular the following. They show the highest rates of economic 

development (8% per year for NIС of the first wave), and during the global crisis 

in most of them there was no deep recession, there was only a drop in growth rates. 

The leading industry in these countries is manufacturing. All these countries have 

an export-oriented strategy, hence the increased importance of foreign markets. 

These countries are involved in active regional integration (LAI, MERCOSUR, 

ASEAN, etc.).) A number of these countries are in the process of dynamic 

formation of their own TNCs, successfully competing with the leading TNCs of the 

world. Much attention in NIS is paid to education and science, the development of 

modern technologies and human capacity building in general. In these countries, 

the use of high technologies based on the cluster approach and partly outsourcing 

is developing extremely effectively. 

All these countries are very attractive to TNCs because of the cheapness of the 

labour force, the availability of significant raw materials, the development of the 

banking and insurance sectors and the creation of a favorable "business climate". 

The main distinguishing feature of these countries is the production of household 

appliances and computers, clothes, shoes, toys, and in large volumes for export to 

world markets. All these countries are rapidly developing the international tourism 

industry, which includes elements of business and commercial services. But for 

developing industrialisation processes in countries mentioned above the electric 

power industry is the basic branch of their countries. Reliable and efficient 

functioning of the industry, stable supply of electricity and heat to consumers is the 

basis for the development of the economies of the countries and an integral factor 

in ensuring civilized living conditions of the population. The imperfection of 

ecological legislative bases of the countries of the world, tools and mechanisms of 

state regulation of ecological aspects of the activity of the campaigns working in 

this sector of the industry lead to high technogenic loadings on ecosystems of the 

planet. Analysis of the development of the electric power sector of the economies 

of the world is important in terms of forecasting the reliability and energy supply of 

the country's economic growth. The electric power industry due to the fact that it is 

represented mainly by coal-fired power plants, has a very strong negative impact 

on the health of the population in the industrial centers of the world, as well as on 

the state of local ecosystems [7]. The level of impact of enterprises on the 

environment depends on two factors: the environmental legislation and its 

implementation mechanisms; the state of fixed assets, their technological level and 

the utilization rate of the installed capacity of enterprises. 



 

Climate change is a change in the weather pattern impacted by anthropogenic 

activities. As it was defined one of the major drivers of climate change is global 

warming. It was distinguished by Shah [8] who believes that global warming refers 

to an increase in average global temperatures around the world. As a result topic 

“climate change” has been the basic of different international debates. Different 

events in nature and examples of human activities are believed to be contributing to 

an increase in average global temperatures. One thing that has been shown to be 

certain is humanity has some impact on the global climate and heightened human 

action has contributed to the alteration of the face of the earth. Pittock, A. (2005) 

belives that the climate has changed visibly, tangibly, measurably. An additional 

increase in average temperatures is not only possible, but very probable, while 

human intervention in the natural climate system plays an important, if not decisive 

role. Extreme weather events are part of climate. Their impact is reflected in the 

design of human settlements and activities so as to be able to survive floods, 

droughts, severe storms and other weather-related stresses or catastrophes. Climate 

change induced by human activity may occur due to changes in the composition of 

the Earth's atmosphere from waste gases due to industry, farm animals and land 

clearing, or changes in the land surface reflectivity caused by land clearing, 

cropping and irrigation. Delayed climate responses to greenhouse gas emissions 

require early action. Scientific research in the latter half of the twentieth century led 

many climate scientists to alert governments to the issue of climate change. [9] 

Shoufu Lin et al. (2009) considered that “population has the largest potential effect 

on environmental impact, followed by urbanisation level, industrialisation level, 

GDP per capita and energy intensity”. [10] Nair K. S. (2009) believed that 

“industrialisation and urbanization are dividing the society in terms of income and 

facilities. All these issues are likely to worsen under a changing climate when the 

competition increases for better living conditions”. [11] Goodman, J. (2012) wrote 

that “climate change both reflects and transforms global development. Asymmetries 

of responsibility, impact and capacity reflect historical and current development 

hierarchies. At the same time, the imperative to reduce greenhouse gas emissions 

perversely empowers high-emitting newly industrialising counties. As inter-state 

negotiations enter a new post-Kyoto paradigm involving emissions reductions for 

‘all Parties' to the UN climate change convention, relations between industrial and 

industrialising countries, and more broadly between North and South, are re-

orientated”. [12]  

RESULTS 

Emphasizing the natural causes of climate change, Pidwirny [13] stated that 

external and internal factors could lead to changes in the state of the earth’s climate 

system. External factors involve effects from space systems. Internal factors involve 

ocean, atmosphere and land systems. A study of past episodes of climate change 

has found evidence to suggest that only a limited number of factors are primarily 

responsible for the climate change on the earth. These factors include: variations in 

the Earth's orbital characteristics; atmospheric carbon dioxide variations; volcanic 

eruptions; variations in solar output [13].  Global warming has been generally 

agreed to be caused primarily by the emission of greenhouse gases, 

chlorofluorocarbons and other chemicals into the atmosphere [14]. The 

https://www.sciencedirect.com/science/article/abs/pii/S0195925509000250#!


accumulation of these gases in the atmosphere results in a heightened “greenhouse 

effect” which leads to global warming with local temperature, humidity, wind 

speed, precipitation, soil moisture and sea level anomalies, it has also been recorded 

to have led to global cooling in some previous era [15]. On the other hand, according 

to vocabulary an increase in aerosols in the atmosphere, also due to industrial 

emissions, cools the earth through a reflection of solar radiation back into space. 

The greenhouse effect is a natural effect that helps prevent excessive loss of 

heat from the earth’s surface. Without that effect, the earth would have been a lot 

colder and might have been less habitable for humans, animals and plants. It has 

been postulated that the earth’s surface would have been about 33oC colder than it 

currently is [16], [17].  The human activities mentioned here are linked to human 

efforts towards industrialization. The objective of this write up therefore is to show 

that humans in the bid to become industrialized have as well adversely affected the 

environment exacerbating the climate change effects. [14] Industrialization and 

emissions heightened human activities have been shown to have led to increase in 

global temperatures causing climate change. In the past two centuries, 

industrialisation took a different turn towards the use of technique and the 

mechanization of processes which were erstwhile performed by hand. All of this 

new methods led to technological innovations in countries ,a different 

transformations of economies, territorial expansions, population growth and so on.  

The grim reality of the relationship between industrialization and climate 

change is captured here in the statement by World Resources Institute quoted in [8] 

that, “…there is a huge contrast between developed/industrialized nations and 

poorer developing countries in greenhouse emissions, as well as the reasons for 

those emissions”. The effects of the emissions are not restricted to those nations 

which emit them and to the unindustrialized nations. These effects could be 

described in terms of opportunities and challenges. The opportunities cause by 

industrialization are well known as economic transformation which results to better 

amenities, improved standard of living; accumulation of capital and so on. The 

challenges include coping with higher temperatures, more extreme weather 

conditions, ecosystem impacts, rising sea levels, increasing ocean acidification, 

changing human lifestyles and changing philosophies.  

Economic transformation involves the exploitation of natural resources. With 

industrialization as a rule comes urbanization. Industrialization widens the gaps in 

different classes of people in the society and leads to changes in lifestyles with 

mechanization when productivity boosts and incomes increase.  Human behavior 

and social transformation lead to environmental change. According to the UN on 

population growth; the world population was put at 5.7 billion in 1995 and, is 

expected to double by 2050. It is projected that 95% of this population growth will 

be in the developing world. The overuse of natural resources is responsible for the 

pollution level today. The use of resources with little or no control is a serious and 

growing encroachment by humankind on the interacting systems of the earth’s 

atmosphere, hydrosphere and land surface [14].  Industrialization spells a higher 

level of pollution, uncontrolled exploitation and inability to link up between non-

performance of social responsibilities to non-functionality of systems.  Increased 

industrialization cannot be encouraged without considering the account of climate 



 

change and its consequences. The United Nations has established a body -an 

Intergovernmental Panel on Climate Change (IPCC) comprising hundreds of 

scientists and researchers of climate change around the world to release main, 

definitive reports detailing the progress of impact of climate change on the Earth. 

They have made some recommendations based on their findings and deductions due 

to better scientific understanding. Their recommendations have been mainly in 

terms of mitigation of the effects and adaptation to the climate change. Now, there 

are mitigation activities being taken to reduce the net emissions of GHG and so 

decrease climate change effect. However, there is need for adaptation to the climate 

change. As a fact adaptation needs to be begun immediately so people can keep up 

with the predicted shifts in conditions. According to Morofsky [15], effective 

mitigation of and adaptation to the impacts of climate change require a common set 

of response priorities. Water and energy efficiency are of primary importance. 

Measures to assess risk and manage durability need to be developed and integrated 

into practice. Emergency preparedness and response programs need to be further 

improved. As a result, there is need to improve regulation standards of professional 

practice designed to protect the environment from increased weather hazards.  

There are some aspects of reducing and adaptations that need to be assimilative 

to reduce the consequences of the climate change effects are [14], [15]: 1. 

Improvement of approach and practices for protecting and improving existing 

construction against effects of climate change. 2. Improvement of designs, 

operations and maintenance of buildings and machines. 3. Revise existing codes 

such as climate data to take into consideration the present realities. 4. Improve and 

adopt energy-saving technologies. 5. Adopt clean and renewable energy usage. 6. 

Reduce the use of natural resources; rather emphasize the use of industrial 

byproducts. 7. Reduce waste at the design stage. While industrialization is 

encouraged, it must seriously consider aspects of mitigation and adaptation to 

climate change. 

CONCLUSIONS 

According to [17] who put it concisely, “GHG are accumulating in Earth’s 

atmosphere as a result of human activities, causing surface air temperatures and 

sub-surface ocean temperatures to rise. Temperatures are, in fact, rising. The 

changes observed over the last several decades are likely mostly due to human 

activities, but we cannot rule out that some significant part of these changes is also 

a reflection of natural variability.”  Climate change resulting from the enhanced 

GHG effect due to intensified industrialization has been presented to have 

widespread consequences, causing: sea-level rise; melting of glaciers and sea ice; 

changes in rainfall patterns with implications for floods and droughts; and changes 

in the incidence of climatic extremes, especially high-temperature extremes. These 

effects of climate change have been shown to have impacts on ecosystems, health 

and such economic sectors as agriculture.  It has been shown by the IPCC reports 

that all industrialized nations have emitted far more GHG emissions although some 

developing nations are also increasing theirs attempts to industrialization. As it has 

been proven by the IPCC reports, the emissions from rich countries that 

accumulated in the atmosphere for so long to trigger climate change. Despite the 



more than 15 annual international conferences on climate change as United Nations 

Framework Convention on Climate Change (UNFCCC) Conference of the Parties 

(COP) so far, there has still been little progress on reducing emissions. The situation  

in the world the same. The industrialized nations, who are actually the main 

polluters (at the COP17—Warsaw Climate Conference held in Warsaw, Poland in 

2017), managed to reduce their commitment to reduction of emissions while 

increasing those of the developing countries. The natural carbon cycle and human-

induced climate change differ in that the latter is rapid. This means that ecosystems 

have less chance of adapting to the changes that will result and so the effects felt 

will be worse and more dramatic if things continue the way they are now. Therefore, 

more commitment is required from the industrialized nations towards the reduction 

of emissions. Plans towards industrialization should be more articulate and broadly 

think of its consequences both in the present and in the future. Environmental 

impact assessment should be a key part in every plan towards industrialization. 

Companies and industries should not push back on environmental programs in order 

to increase profits or to survive in a tough business world. Environmental 

maintenance agencies should be more focused on the main goal of restoring and 

keeping the environment in a state fit for human habitation. Anthropogenic climate 

change is faster than the natural process of restoring nature. The consequences will 

be more dramatic if everything continues as it is now. The only sure way is to make 

more commitments to reduce emissions by the industrialized countries of the world. 

Industrialization plans should be clearer and generally take into account its effects 

both now and in the future. When developing plans of industrialization of the 

industrialized countries, the issue of assessing the level of impact on the 

environment must be key. Environmental institutions should pay more attention to 

the main objective of restoring and maintaining the environment in a condition 

suitable for future generations. 
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ABSTRACT 

Alluvial gold mining that takes place in dozens of countries, among them 

Russia, presently progressively gives way to hard-rock mining, as well as to this 

precious metal extraction from other sources, including nontraditional. At the same 

time both in Russia and in other territories of placer gold mining a lot of former or 

still operational mining sites exist that contain residual precious metal in significant 

quantities. In conjunction with modern technologies, they may become appreciable 

sources of gold mining. 

In the described research, both domestic and foreign experiences were 

analyzed. It was found that problems of mutually close technogenic gold-bearing 

objects’ development are remaining very poorly investigated. As a result, the 

necessity has been substantiated for new methodological and technological-

economic approaches formulating, which would secure effective and large-scale 

integrated management of territorially contiguous technogenic placer deposits’ 

development. A number of methodological propositions for one of such approaches 

were formulated. Besides, an algorithm and a computer programs’ set were 

developed, which may be used for technical-economic indicators calculating that 

describe conjoint or mutually close technogenic objects of placer gold deposits’ 

simultaneous development. 

In addition, typical merger processes in regional and national economies’ 

mining sectors were analyzed, their features examined, advantages and negative 

aspects of integration processes compared and critically evaluated. That may serve 

as an important instrument in solving economic problems, which are accompanying 

residue technogenic object development. 

Keywords: alluvial gold deposits, territorially conjoined technogenic placer 

objects, complex technologies for alluvial objects simultaneous development, 

computer software package. 

 

 



 

INTRODUCTION 

In the Russian Far East (RFE) territories of traditional placer gold minning the 

majority of known rich and easily accessible alluvial deposits are already worked-

off, whereas those retaining small residual metal contents and/or those having 

ingredients with off-grade quality are of no interest for mining industries. A 

decrease in gold mining from alluvial deposits has led to some socio-economic 

critical situations in a number of Russian Far East (RFE) areas, where it was 

traditional. In this regard, it is necessary to continue geologic explorations for new 

development objects [1]. 

One of the options to preserve gold mining output at its present level or, which 

is preferable, to further increase it, is the intensification of geologic exploration 

aimed at sufficiently large-scale pristine alluvial deposits detection. At the same 

time, significant reserves of gold and other valuable components are available in 

objects left from former mine sites or exist alongside those still functioning. We 

propose to name such man-made entities as Territorially Conjoined Technogenic 

Objects (TCTOs) of former or actually operational placer deposits. Substantiation 

of their industrial development is not only a scientific task, but also a way for 

drawing management structures’ and miners’ attention to solution of economic, 

social and environmental problems in the RFE region. 

Steadfast scientific interest to technogenic deposits (TGDs) development 

highlighted itself in early 1970s, when TGD and a number of related terms first 

appeared in publications of academicians Agoshkov M.I., Melnikov N.V., 

Trubetskoi K.N. Essential contributions in theoretical and applied aspects of TGDs 

economic disposal and ecological losses reduction were made by such Russian, 

among them RFE’s scientists, as Makarov A.B., Makarov V.A., Mamayev Yu.A., 

Mirzekhanov G.S.,  Mirzekhanova Z.G., Myazin V.P., Sekisov G.V., Umanets 

V.N., Yakovlev V.L., et al. Currently several FEB RAS academic institutes, our 

Mining Institute among them, are actively working in these research directions [2]. 

ASSESSMENT OF MODERN RELEVANT RESEARCH 

DIRECTIONS (Beginning at this point following discussion is based on 

publications [3], [4], [5], [6]) 

After working off the geogenous placers, several billion cubic meters of pebble, 

dredging waste, peat dumps and reloaders from the dumps have accumulated. The 

annual volume of gold mining from technogenic placers is about 10-15% of the 

extracted metal, which is completely inadequate in conditions of a significant 

decrease in the reserves and resources of geogenous placers. According to expert 

data, the total amount of gold in all technogenic placer formations is 5,022 tons or 

57% of the total amount of gold mined in the history of placer exploitation. This 

convincingly confirms the thesis that technogenic placers are an important resource 

of the mineral and raw materials base of placer mining. 

In several studies was revealed that practically in all worked-off placers 

residual gold contents were at 10-15 % level of those extracted, while in other cases 

these quantities reach as high as 50 %. Despite sufficiently low average contents 



(up to 100-150 mg / m3), almost each technogenic placer has objects with gold 

contents, which are quite acceptable for profitable extraction. According to expert 

estimates, ancillary mining from technogenic and non-traditional sources can 

provide at least 7-10 % of the total annual all-Russian production. 

Only in the Khabarovsk Krai during the period from 2000 to 2007, technogenic 

placer complexes of more than 400 million m3 were formed, characterized by a wide 

group of chemical elements with a toxic effect. Technogenic ore and placer 

formations lead to a change in the natural landscape, geochemical and geo-

mechanical fields’ creation in the rocks, which convert into bases of the technogenic 

massifs, as well as provoke change in the hydrological regimes of these areas. 

This is a huge environmental burden on the habitat of humans, flora and fauna. 

Therefore, the development of these facilities, followed by subsequent reclamation 

of disturbed lands, are not only of economic but also of social significance. 

According to generalized analytical calculations, gold resources of only 149 

technogenic alluvial deposits of the Khabarovsk Krai total 124.3 tons. These 

technogenic placers are characterized by ordinary and low metal contents, 

calculated on the entire processed rock mass of the deposit. Because the residual 

gold fractions concentrate mainly in dredging wastes, therefore one should expect 

their actual metal contents to increase by 2-3 times (depending on the ratio of 

dredging/gravel waste fractions in the dump complex). 

Results of many similar studies allow drawing following conclusions: 

а) Single processing of natural placer does not lead to full extraction of gold 

and its losses remain significant. Amounts of not extracted metal (rafts, side and 

residual tiles) or sands lost during washing (dredging wastes, pebble dumps, mud) 

reach 10 to 150 % or more of its volume in the primary placer; 

b) Repeated mining of technogenic placers exacerbates impact on the 

environment, expanding the range and severity of environmental problems. 

Therefore, in case of full and integrated extraction of useful components that will 

allow the territory to be recultivated and cleaned of harmful substances. 

Results of planned now future studies may become a scientific and 

technological basis for large-scale development of complex resources, compiled in 

various residual mineral objects, at least in terms of rock mass volumes. However, 

a special approach is required to tackle the problems that inevitably will accompany 

such studies and their results’ implementations. On that score, we propose a new 

strategic approach – the integrated development of geographically close 

technogenic placers, combined with the processing of rock mass on stationary 

washing devices or specialized dressing plants. 

All the factors listed above show that the creation of scientific and 

methodological foundations of technology for the geographically conjoined 

technogenic placers development is an actual fundamental-and-applied task aimed 

at addressing, among other things, the socioeconomic and environmental problems 

of the region. 



 

Up to now, we have failed to find exact analogs to the proposed line of research 

with respect to technogenic placers. Nevertheless, there are a number of related 

studies, devoted to the development of ore and placer deposits, as well as certain 

methodological approaches to the organization of their rock mass processing. 

With respect to sub-standard ores, which at present cannot be gainfully worked 

out as specific raw material, Academician K.N. Trubetskoy highlights the 

possibility of mining operations’ resource-reproducing functions, executed by 

artificially changing sub-standard ores’ in situ dredging operations in accordance 

with their ambient conditions. Essentially, during sub-standard ores indirect (in 

passing) open-cast mining, accompanied by separable stockpiling at the earth 

surface, or as a result of technogenic deposits creating, characterized by certain 

predetermined parameters, such sub-standard ores are converted into real MRs, 

adequate for further profitable excavation.  

This approach is certainly relevant for solving the problem of large-scale and 

complex development of technogenic placers. 

Both in Russia and abroad, other technical solutions are known that are close 

to the planned research. 

In V.R. Kabirov’s dissertation “Economic efficiency assessment of the 

geographically conjoined (metal) ore deposits’ group development”, following 

stages of such deposits’ development are listed: 

1. Consideration of a group of geographically-adjacent deposits from the 

standpoint of technological possibilities for their development;  

2. Possibilities identifying for creating common links of infrastructure for a 

group of geographically adjacent deposits;  

3. Selection of a variant for the development of geographically adjacent 

deposits;  

4. Sequence determination for each field involvement in the development. 

The peculiarity of this approach is that a unitary infrastructural base is formed 

there on the premises of optimal choice both for processing complexes location and 

for their number. 

Opryshko D.S. proposed a rational technology version for small continental 

placer gold deposits development. The result of the study is technical and 

technological possibility substantiation for small gold-bearing placers involvement 

into effective exploitation, including currently unprofitable technogenic ones, by 

using existing small-sized machinery, eventually improvement thereafter, in 

relation to specific mining-geological and climatic conditions. This technology 

version may be seen as promising, but it is ineffective during conjoined placers 

development. 

M.Kh. Peshkova, N.A. Matsko, M.Yu. Kharitonova in their work theoretically 

deeply substantiated methods for increments and quality estimation with respect to 

conjoined placers reserves within a single river valley, where along with easily 

accessible placers the low-margin ones exist, which are often never involved in 

development, although, as practice shows, they are licensed by a single mining 



enterprise. Joint development of such placers in some cases may prove to be 

economically viable, and thus active part of gold placer’s raw-material base can be 

substantially expanded. The resulting availability of the entire valley's reserves is 

determined by the main deposit’s availability, while the commissioning sequence 

of other fields is typically determined by the subsoil user. This is one of the principal 

differences of this technology with ours. 

There is a well-known rationale for the expediency and commissioning order 

of kimberlitic quarries group, belonging to MIBA mining company (Democratic 

Republic of Congo), which takes into account both sustainable schedule creation of 

overburden operations for each quarry in the group, as well as feeding costs 

minimizing for several concentrator factories procuring with raw materials. 

A.B. Anisimova in her dissertation arguments an idea of solid minerals and raw 

materials base replenishing, which implies effective development economic 

evaluation of homotypic conjoined deposits, registered in unallocated and 

unaccounted subsoil MRs fund. 

The analysis of domestic and foreign experience shows that the problem of 

developing geographically conjoined technogenic placers is not fully explored, 

therefore promoted study is important from both scientific positions, and from 

technological, economic and environmental ones. 

Technogenic placers have features that differ from those of pristine ones. These 

are: lower gold content (not always!); their granulometric peculiarities, expressed 

in the predominance of fine fractions; significant dispersion of rock mass volumes, 

depending on the methods of primary placers mining; spatial disunity of 

technogenic objects promising for development; good rinsing capacity of 

technogenic formations, determined by the granulometric homogeneity of dumps 

materials; various degree of technogenic formations integrity in the modern relief, 

etc.  

In our earlier studies [4], [5] peculiarities of gold placers, resource potential 

were singled out, characterized by the effect of their renewability under the 

influence of natural processes, as well as new technological directions were 

proposed concerning development of alluvial deposits’ technogenic complexes. 

It is necessary to note especially the presence in the sands of other valuable 

associated components, which, on the one hand, makes their exploitation difficult, 

and on the other hand, can increase their economic attractiveness. Associated 

components of gold-bearing placers can be of considerable significance and used in 

various spheres of the national economy. The dumps of placers’ technogenic 

complexes contain rare earth minerals suitable for the production of composites, 

high-magnetite sands – for further processing that leads to materials obtaining used 

for the production of paints or iron ore, the rock mass of thin clay dredging waste 

heaps can be used as gravel for road construction. Only in the Khabarovsk Krai, in 

addition to the gold-platinum reserves of complex placer deposits, dozens of 

technogenic alluvial gold deposits exist that contain cassiterite, wolframite, 

magnetite, ilmenite, and rare earth elements. 



 

DIRECTIONS AND METHODS OF RESEARCH 

All of the above stimulate a search for new methodological, technological and 

economic approaches to solving the problem of effective and large-scale integrated 

development of geographically close technogenic placers. 

Currently, we have determined the number of methodological propositions for 

the substantiation of chosen approach, an algorithm has been created and a 

computer software package developed to calculate the technical and economic 

indicators that describe the simultaneous development of several selected placer-

related technogenic objects, associated with different placers (processes being 

modeled are rock mass excavating, transporting it to a special site, delivered rock 

mass processing on a stationary flushing device or dressing plant). Location 

selection for the stationary flushing device or dressing plant is determined by the 

software complex, programmed at transportation and operating costs minimization. 

The acceptance of methodical, project-technological and financial-economic 

solutions for the development of a number of closely related technogenic placer 

sites is sequenced according to following stages: 

1. The mining and geological parameters of geographically conjoined 

technogenic placers of a particular region, the resources of the basic metal 

and valuable associated components are determined by calculations or 

expert assessments, based on satellite imagery or, if available, on design-

engineering documentation of the worked-out geogenous placers. 

2. If a license is available and the selected fields are included in the list of 

developed fields, a full range of geological exploration is carried out at all 

fields, or exploration work is carried out in the course of actual mining in 

order to refine the complex resources of the fields. 

3. The type of flushing device or dressing plant equipped with additional 

dressing equipment is being chosen, its productivity is calculated. With the 

help of the developed software package, a rational location (by economic, 

technological and ecological indicators) of a stationary flushing device is 

determined. A procedure is being developed for the stockpiled rock mass 

preparation on a special site near the flushing device and its subsequent 

processing, provided that the reserves of all deposits are uniformly offset 

for the established planning period. 

Let us consider in more detail the operation of the software. 

Matlab R2013b has been selected to compile a mathematical model of the 

mining site. This mathematical package is well optimized for working with the 

matrix data type. The Matlab core allows you to work easily and quickly with 

matrices, which is an important factor for large amounts of data. 

The main idea in creating a mathematical model is to break up the study area 

into elementary areas of a given size and to represent the resulting set of elementary 

sites and the entire territory as a whole in matrix form. 



To compile a matrix representing the area under investigation, we use the 

developed application, implemented in C ++, using the Visual Studio 2013 software 

environment. 

The investigated territory is divided into a matrix of a given size, where each 

element of the matrix is an elementary site of the terrain. An identifier is assigned 

to each site, defined by the program logic, depending on the site type. During 

compiling the matrix form for the investigated territory, the elementary parts of the 

terrain are divided into several types: 

• accessible parts of the terrain – areas where the dressing plant can be 

located, and through which the route from the field to the plant can be laid, 

an identifier of the section is 1; 

• inaccessible areas of the terrain – areas where it is impossible to locate the 

dressing plant and the route (elevations, ponds), site identifier 0; 

• deposits – places where the rock is exported to the dressing plant, an 

identifier of the site is 4; 

• the proposed optimal location of the dressing plant, the site identifier is 3; 

• the route from field to plant, the site identifier is 2. 

The relevant areas are noted in the application that forms the matrix. The 

remaining sections are marked as accessible ones. The optimum location of the 

dressing plant and the routes from the fields to the plant are determined during the 

calculation of the mathematical model. 

To determine the distance from the deposits to the prospective location of the 

dressing plant, an algorithm for finding the shortest path has been developed. The 

beginning of the algorithm operation is that starting from the selected elementary 

section, where the deposit is located, the distance from adjacent accessible 

elementary sites to the proposed location of the factory is calculated. Neighboring 

sites are classified in terms of Moore's neighborhood, where all eight sites are 

considered to be neighboring. Unavailable sites, if any, are excluded from the 

calculation. 

From obtained distance values, the smallest is chosen; the segment with the 

smallest distance is defined as the route to be laid. The following calculation is made 

between the neighboring sections with the previous elementary sections obtained 

during the last calculation by the route laid. A site with the shortest distance to the 

proposed location of the plant becomes the next point on the route. Such 

computations proceed until the final section is reached. 

To determine the optimal location of the flushing device or dressing plant, a 

cell is selected that is accessible at the beginning of the matrix map and it is marked 

as a cell on which the dressing plant is located. The program determines the shortest 

routes from the deposits to the prospective site of the dressing plant. Then, based 

on the initial data that characterize fields and both transport and mining equipment 

used, the program calculates the profitability of the plant, placed in the specified 

cell. After that, the next available cell is selected, for which, on the same principle, 

the profitability of the plant is determined when it is placed in a new cell. Thus, all 

available cells are calculated. After calculation, the cell with the maximum 



 

profitability index is selected. The resulting cell on the plan is rendered as the most 

optimal location for the dressing plant. 

Thus, a software method has been developed for determining the optimum 

location of the flushing device or dressing plant for effective development of the 

conjoined technogenic placers or adjacent small (possibly unprofitable) natural 

placers. 

The proposed approach will require subsoil users to attract significant financial 

resources, use modern and efficient mining and processing equipment. Therefore, 

primarily small and medium-sized enterprises, in terms of extracted metals’ 

volumes, may need a rearrangement of their structure through, for example, 

horizontal integration. This is a real opportunity to carry out the large-scale 

development of technogenic placers with high efficiency even with minimal 

conditional contents of useful components. 

CONCLUSION 

Modern approaches to technogenic placers development insufficiently 

effective. Hence, new methods and technological solutions are required. Taking into 

account the fact that technogenic deposits are often appear as conjoined or adjacent 

objects of various sizes, there is reason to recycle their mining in conjunction 

(simultaneously or sequentially), utilizing state-of-the-art technologies and 

equipment, designed exclusively or ad hoc. 

For this ideas realization the authors propose R&D direction shortly described 

above. Already reached stages of this theoretic and applied project include 

following results. 

(1) As is shown, development problems and prospects, concerning territorially 

conjoined TCPDs, are investigated only fractionally. In some aspects they remain 

virtually unexplored both in theoretical and in applied aspects. 

(2) Necessity is substantiated to search for methodical and techno-economic 

approaches to cope with problems that hamper effective and large-scale 

development of territorially conjoined technogenic placer deposits. 

(3) Several methodic theses are formulated that substantiate proposed 

approach. Computer algorithm is designed for techno-economic indices calculation, 

which characterize simultaneous mining operations performed on territorially 

conjoined technogenic objects, pertaining to gold placer deposits. 

(4) Analysis was carried out with respect to enterprises amalgamation 

processes in mining economic sector. Revealed advantages and negative sides of 

these processes may serve as instruments in neutralization of technological and 

economic problems that emerge during territorially conjoined technogenic placers 

development. 

In addition to said above, analysis of domestic and foreign publications 

demonstrated that strategic questions of territorially conjoined technogenic gold 

placers development do not enjoy high popularity and as a result poorly 



investigated. Meanwhile their real importance is substantially great and, taking into 

account current placer gold mining reduction, it steadily tends upward [2]. 
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ABSTRACT 

Any change in the lifestyle of the population in cities causes a huge challenge 

for local governments, as they have to create favorable living conditions for the 

urban population. For this reason, the development of smart cities, the 

redevelopment of brownfield areas, turning the urban space into a smart and 

sustainable territory with a high standard of living and a high quality of the work 

environment as well as the gains of the population from living in a city are 

increasingly discussed. Accordingly, the conception of smart cities has become 

increasingly popular in Latvia, and it is being successfully practised in several cities 

such as Jelgava, Valmiera and Ventspils, providing more comfortable, safer and 

more modern daily life to their residents. 

In Latvia, the concept of smart cities has become known quite recently and has 

been little researched in the context of smart urban development, whereas in Europe 

smart city conceptions have been researched for a long period. In the opinion of the 

authors, it is therefore important to examine, based on development indicators, 

whether cities of national significance in Latvia tend towards smart development, 

and what solutions have been implemented and what best practices have been 

introduced in European cities and the cities in Latvia. 

The research results give insight into smart development trends in the cities of 

national significance of Latvia. 

Keywords: smart cities, development, best practices, Latvia. 

INTRODUCTION 

The European Union is one of the most urbanised world regions. At present, 

more than 70% of the European population live in urban areas. According to the 

Sustainable Development Strategy of Latvia until 2030 [1], the urbanisation rate in 

Latvia does not differ much from the average in Europe, as “approximately 68% of 

the total population live in urban areas, even though the urban areas comprise only 

11% of the total area”. Accordingly, one can find that the development of urban 

areas considerably affects the life quality and growth of the population in Latvia 

and the European Union as a whole. For this reason, urban areas require sustainable 

development measures that are not only socially inclusive but also knowledge-

intensive, effective and technology-focused, given the fast progress in technology 

in the world and changes in the lifestyle of individuals.  

The conception of smart cities has become popular in Latvia, and it is 

successfully practised in several cities such as Jelgava, Valmiera and Ventspils, 

providing more comfortable, safer and more modern daily life to their residents [2]. 



 

The concept of smart or future cities is often associated with the application of 

information and communication technologies (ICT) and the facilitation of city 

management. The technologies applied in a city ensure modern communication 

with residents, service providers and entrepreneurs and the supply of modern 

services as well as contribute to the improvement of infrastructure in the city [3]. 

Mutual cooperation among enterprises, the local government, educational and 

research institutions, business clusters and other stakeholders plays a large role in 

the development of a smart city. In the result of cooperation, resources are combined 

with the aim of finding new solutions to city development problems. The key gains 

from a smart city are as follows: lower energy consumption, population 

participation in improving the city’s environment and in the city’s life, better 

decision-making by the local government and smart use of technologies, which 

reduces pollution and crime and contributes to the growth of the city [3]. 

Regardless of the popularity of smart cities in the world, in Latvia the concept 

of smart cities has become known quite recently and has been little researched in 

the context of smart urban development, whereas in Europe smart city conceptions 

have been researched for a long period. It is therefore important to examine, based 

on development indicators, whether cities of national significance in Latvia tend 

towards smart development, what solutions have been implemented and what best 

practices have been introduced in European cities and the cities in Latvia. 

The research results give insight into smart development trends in cities of 

national significance in Latvia as well as best practices were examined based on 

expert interviews and a literature review in the following European cities: Tampere, 

Amsterdam [13] and Freedhaven as well as the cities following in Latvia: Jelgava 

and Ventspils. 

The development of smart cities is considered in the context of development 

centres of national significance. The status of a centre of national significance was 

granted to the following cities: Daugavpils, Jelgava, Jekabpils, Liepaja, Rezekne, 

Valmiera, Ventspils and Jurmala. The research did not focus on the capital city of 

Riga, as the authors wished to highlight the cities of national significance other than 

the capital city, given their potential for growth as future cities and in view of the 

fact that research investigations into opportunities for smart development in Riga 

have been done, whereas no research investigations have focused on the other cities 

of national significance. The examples of best practices in Europe were selected 

based on expert suggestions and the facts found in the scientific literature. 

RESEARCH METHODOLOGY 

An analysis of statistical data and cluster analysis was performed to identify 

smart development trends in cities of national significance in Latvia. The authors 

chose Jelgava and Ventspils as the examples of best practices regarding smart urban 

development and did a SWOT analysis based on the cities’ sustainable development 

programs and available information on smart development solutions. The examples 

of best practices were selected after assessing the available sources of information 

(Internet resources, advice from specialists). Besides, in the expert interviews, the 



research focused on explaining particular technologies or the role of governance 

and how the cities’ residents benefited from the technologies. 

The research took into consideration an assessment system designed by Vienna 

University of Technology. This assessment system is employed to analyse whether 

medium large cities meet the characteristics of smart cities. In view of the situation 

in Latvia, this method is not completely appropriate, yet it could be employed for 

assessing the key characteristics of smart cities.  

RESULTS 

The literature review revealed that there was no single definition for a smart 

city; some definitions focused only on some characteristics of smart cities, whereas 

the others were general. 

The research summarised the definitions that, in the authors’ opinion, stressed 

the role of ICT technologies in smart urban development, e.g. Chen [4] gives the 

following definition – smart cities use the opportunities provided by 

communications and sensors installed in the city’s infrastructure in order to 

optimise electrical, transport and other daily life-related logistical operations, 

thereby enhancing the life quality of all its residents [5]. 

In the authors’ opinion, this definition does not completely explain the meaning 

of a smart city, even though ICT technologies play an essential role in the 

development of the smart city. The definitions that, in the authors’ opinion, give 

comprehensive characteristics of what a smart city is are as follows: 

• Caragliu et al. [6] believe that a city could be considered smart if 

investments in human and social capital as well as in conventional 

(transport) and modern (ICT) communications infrastructures promote 

sustainable economic growth and lead to a high quality of life through 

smart natural resource management and government involvement [7]; 

• according to Kourtit and Nijkamp [8], smart cities are a result of 

knowledge-based and creative strategies with the aim of enhancing the 

socio-economic, ecological, logistical and competitiveness performance of 

the cities. Smart cities are based on promising human capital (e.g. a highly-

qualified workforce), infrastructure capital (e.g. high-technology 

communications), social capital (e.g. strong and open network 

connections) and entrepreneurial capital (e.g. creative and business 

venture activities) [5]. 

 

 

 

 

 



 

A comparison of both definitions reveals essential features characterising a 

smart city, see Figure 1. 

 
Source: authors’ construction; 2018 

Fig.1. Features of a smart city 

 
A study by the administration of Riga planning region on smart specialisation 

reveals that “a combination of the concepts of a smart city and smart specialisation 

results in the concept of smart development, which is based on knowledge and 

innovation (smart city) and on a strategy based on the selection of the most 

competitive local capacity (smart specialisation)”.  

The goal of the smart specialisation strategy, however, is to concentrate 

resources in research and innovation, which would identify an “appropriate” 

regional specialisation and attract investments [9]. 

The role of high-technology and knowledge-intensive enterprises in the 

development of smart cities in Latvia is stressed by the fact that the application of 

high technologies contributes to labour productivity, efficient resource use and 

therefore the export capacity and profits of the enterprises. The role of high-

technology enterprises is substantiated by research studies stating that “in the 

establishment and development of smart territories, the decisive role is played by 

entrepreneurship-focused innovations” [10]. 

The choice of entities is supported by the role of business actors in the context 

of sustainability because it is very likely that entrepreneurs “will have a crucial role 

in identifying future smart specialisations, particularly because there are needed 

entrepreneurs who are aware of the specifics of the region, local resources, 

environmental conditions and preconditions for access to the market. It is very 

likely that specialised and shared knowledge will not be used in the development of 

smart territories, and interdisciplinary knowledge will be needed instead [10]. 
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To identify smart development trends in cities of national significance in 

Latvia, the authors did a cluster analysis to comprehend how similar or different the 

cities are in terms of their development, grouping them into clusters. 

To select the most important indicators for the cluster analysis, the research 

initially chose 13 indicators that could reveal the most widespread city 

specialisations in relation to the smart economy, the smart environment, smart 

governance and smart people in Latvia. Based on an analysis of variance, six most 

statistically significant indicators were selected for the cluster analysis: 

• number of knowledge-intensive enterprises as a percentage of total 

economically active enterprises in cities of national significance; 

• employment in knowledge-intensive industries as a percentage of total 

employment in cities of national significance, municipalities, rural 

territories and regions; 

• employment in high and medium-high technology industries as a 

percentage of total employment in cities of national significance, 

municipalities, rural territories and regions; 

• number of high and medium-high technology enterprises as a percentage 

of total economically active enterprises; 

• high-technology enterprise turnover per employee;  

• European funding per 1000 inhabitants, thou. EUR. 

The authors chose the number of city clusters by employing the Elbow method 

[14], which suggested four clusters. The cluster analysis employed the K-means 

method as well as Euclidean distance as a distance metric that was most frequently 

used in clustering [11]. Four city clusters were identified by employing cluster 

centre coordinates. 

Cluster 1. This cluster represents the cities having developed industries and 

high percentages of high-technology (HT), medium-high technology (MT) and 

knowledge-intensive service (KIS) enterprises. It demonstrates a high level in terms 

of smart development – the businesses are innovative and knowledge intensive, the 

workforce is highly qualified and active, resources are used efficiently (Table 1). 

The cluster comprises the cities of Daugavpils, Jelgava, Jekabpils, Liepaja and 

Ventspils. 

Cluster 2. The cities of this cluster have well-developed HT, MT and KIS 

enterprises, yet their turnovers per employee are relatively low. This fact could 

indicate the lack of a highly-qualified workforce that hinders the high-technology 

enterprises from increasing their turnovers per employee (Table 1). The cluster 

comprises the cities of Jurmala and Rezekne.  

Cluster 3. The cluster comprises only the city of Valmiera that has a high 

percentage of HT, MT and KIS enterprises, and the KIS enterprises in particular are 

highly developed. This city demonstrates the highest performance in terms of smart 

development – the businesses are innovative and knowledge intensive.  



 

Table 1. Final Cluster Centres 

Factors Cluster 1 Cluster 2 Cluster 3 

KI enterprises 0.55 0.67 0.66 

employers in KI sector 11.46 13.51 15.18 

HT enterprises 2.49 1.01 2.42 

employers in HT sector 11.41 16.86 12.56 

Turnover in HT 98.98 23.41 45.67 

EU funds 36.42 2.75 186.20 

A comparison of distances among the clusters reveals the extent to which each 

city differs from each other based on the indicators used. The comparison revealed 

that the distance was the largest between Cluster 1 and Cluster 3 (184.86) and 

between Cluster 2 and Cluster 3 (159.03) (Table 2). This means that Valmiera 

representing Cluster 3 considerably differs from the other cities in relation to 

percentages of high-technology (HT), medium-high technology (MT) and 

knowledge-intensive service (KIS) enterprises. 

Table 2. Distances between final cluster centres 

Cluster 1 2 3 

1 - 82.96 184.86 

2 82.96 - 159.03 

3 184.86 159.03 - 

The breakthrough of Valmiera in the area of entrepreneurship is indicated by 

also statistical data for the modern knowledge economy – the percentage of high-

technology, medium-high technology and knowledge-intensive service enterprises 

rose from 22 to 35% [12]. 

In the authors’ opinion, the key to the success of Valmiera was cooperation 

among Vidzeme University of Applied Sciences, entrepreneurs and the local 

government. Local government support was particularly evident in the use of 

structural funding not only for infrastructure but also for research and academic 

activities [12]. 

The fact the role of local government in and its influence on smart urban 

development is increasing has been proved by research studies. This influence is 

evident not only in entrepreneurship but also in human capital [10]. 

An essential role in smart development is played by regional universities as 

technology and knowledge transfer centres that develop highly-qualified industry 

specialists as well as by business incubators where a great deal of innovative 

business ideas are developed. In this respect, Valmiera has considerably progressed, 

and Vidzeme University of Applied Sciences (ViA) has acquired the status of a 

scientific institution. Two research institutes have been integrated into the 



university, and half of the university’s teaching personnel have a doctor’s degree 

[12].  

It needs to be added that in view of the fast socio-economic changes, an 

essential prerequisite for future growth of high technology and knowledge intensive 

industries is the availability of a flexible lifelong learning system. An important 

prerequisite for the knowledge economy is a combination of innovative ideas and 

knowledge [9]. In other words, in the authors’ opinion, learning opportunities have 

to be available not only for young individuals but also for the other groups of 

population. It is necessary that smart people and a smart society shaping their own 

desired environment and generating innovative ideas emerge. 

Progress towards smart development was confirmed by the head of the 

Department of Development of Valmiera city local government, Ginta Berzina, 

who stated that “in 2018-2019, Valmiera plans to design a Smart Valmiera Strategy 

that identifies innovations, technologies and other solutions being appropriate to 

Valmiera in particular and taking into account the specifics of the city, the current 

plans, visions, goals, opportunities and available resources”. 

According to the cluster analysis, Jelgava is the most typical city, as the 

distance from the cluster centre is the shortest (Table 3). A similar situation is 

observed in Daugavpils and Liepaja as well (Table 3). There is a sufficient number 

of HT and MT enterprises in Daugavpils and Liepaja, which indicates their potential 

for smart development. Their potential is strengthened by the universities, which 

supply highly-qualified specialists, located in these cities. 

Ventspils and Jekabpils are the least typical cities of Cluster 1 (Table 3), as the 

distances from the cluster centres are 42.8 and 60.1, respectively.  

Table 3. Cluster membership 

Case Number Cities  Cluster Distance 

1 Daugavpils 1 28.3 

2 Jelgava    1 3.8 

3 Jekabpils  1 60.1 

4 Jurmala    2 10.7 

5 Liepaja    1 27.1 

6 Rezekne    2 10.7 

7 Valmiera   3 0.0 

8 Ventspils  1 42.8 

An assessment of the cities of national significance in the context of smart 

development by the indicators selected allows concluding that high performance 

and progress towards smart cities were demonstrated by Ventspils, Valmiera, 

Liepaja and Jelgava. The mentioned cities performed well in terms of smart 



 

development, number of high and medium high technology and knowledge-

intensive enterprises as well as absorption of EU funding.  

CONCLUSION 

1. High performance and progress towards smart development were 

demonstrated by Ventspils, Valmiera, Liepaja and Jelgava. The 

mentioned cities performed well in terms of smart development, number 

of high and medium high technology and knowledge-intensive 

enterprises as well as absorption of EU funding. 

2. In Latvia, a number of cities have made considerable improvements in 

the context of smart development, and the improvements are not 

sufficiently appreciated and known to the public. It was proved by an 

analysis of the smart indicators and by the experts – cities such as Jelgava 

were far ahead of many other cities. 

3. For several cities, a hindering factor for smart development was poor 

smart governance, which was indicated by the absorption of EU funding 

and the e-index. 

4. In Latvia, cities have to design targeted marketing and smart development 

strategies that identify innovations, technologies and other solutions 

being appropriate for the specifics of the cities, the current plans, visions, 

goals, opportunities and available resources in order to increase their 

territorial competitiveness and specialisation. 

5. Local governments have to improve their administrative capacity by 

sharing their experience in the absorption of EU funding and introducing 

technical solutions in smart governance – interactive websites, mobile 

applications and interactive maps. 
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ABSTRACT 

The identification of the landslide mechanism of preparation and development 

is the key to the sustainable development of landslide and landslide-prone urban 

and mining territories. The understanding of the mechanism of preparation of a 

landslide is necessary for landslide hazard and risk assessments. 

The mechanism and regularities of the formation of deep block landslides are 

considered. 

The equation for the calculation of a landslide slip surface depth was obtained, 

using slope morphological and soil strength parameters. This equation can be 

implemented for deep landslides, occurring in different engineering geological 

conditions, from soils (weak loams) to rocks (calcareous clays, limestone). 

A scientific explanation of effective reinforcement of territories with deep 

block-type landslides is provided.  

The suggested protection strategy for sustainable development of slope 

territories bases on theoretical solutions of preparing of a destructive phase of 

landslide deformations, on taking into account mechanism peculiarities of deep 

block-type landslides, and also on investigation experience of such landslides in 

different engineering-geological conditions. New protection technologies for 

territories with deep-seated landslides of compression-extrusion type are considered 

in the article. 

Keywords: landslide mechanisms, compression-extrusion landslides, 

calculation of a slip surface depth, reinforcement measures 

INTRODUCTION 

Landslides annually cause huge economic, social and environmental impacts 

to all countries, and also Russia. A significant part of urban areas is susceptible to 

landslides with the possibility of their destructive occurrence. Landslides often 

occur suddenly and unexpectedly. Deep block-type landslides are extremely 

widespread, especially on plain territories (on coastal slopes, river banks). 

Particularly big troubles concerning deep landslides appear on urban territories. 

From one hand, the slow development of deformations on landslide areas 

makes the illusion of relative stability of the considered territory with the possibility 

of its economic use. Especially it takes place in conditions of high dense city 



 

building and willingness to place important sport and other objects on picturesque 

sites. From the other hand, periodic destructive landslide activizations, affecting 

significant territories, sometimes make impossible to protect economical objects on 

slopes and native landscape. 

The reinforcement of slopes on territories with deep block-type landslides is 

not easy because of the complexity of the mechanism of formation and activization 

of a landslide, large sizes of landslide cirques, and big depth of the slip surface. The 

assessment of the stress-strain state of a landslide mass which consists of displaced 

landslide blocks, and its correlation with a native mass situated above it represents 

a challenging task [13]. 

Over 700 cities in Russia are liable to landslide hazards (including deep-seated 

landslides). Among them are Moscow, Nizhniy Novgorod, Kazan, Ulyanovsk, 

Volgograd, Cheboksary, Saratov, Saransk, Perm, Sochi, Rostov-on-Don, Tomsk, 

Barnaul and others. Significant losses from destructive deep landslides annually 

take place all over the world, e.g. in Russia (in Moscow in 2006, 2009, in Ulyanovsk 

in 2016, Cheboksary in 2012), in Ukraine (Odessa region in 2017-2018).  

Large deep landslides also occur in mining areas on the slopes of quarries and 

dumps, for example, in Russia (Kuzbass, 2015), Spain (Las Cruces mine, 2019), 

Brazil (Brumadinho tailings dam landslide, 2019), etc. 

Russian experience of urbanization of landslide-prone areas it is practically 

impossible to reach total stabilization of slopes with deep landslides. The most usual 

measurements used for this purpose, are: reinforcement of the coastal line, drainage, 

making terraces on a slope, building counter banquets (embankments) downslope 

and more rarely – pile works. However activization of deformations and 

catastrophic movements of deep landslides periodically occur also on the 

strengthened slopes, providing a considerable damage to existing infrastructure. For 

example, landslides with deformation of lower Cretaceous clays (depth of slip 

surface more than 100 m) periodically occurred in Saratov (Russia) on the 

reinforced slopes of Sokolova Mountain, with destructive deformations of the city 

territory and with lifting and bulging of the river Volga bottom. The volume of 

displacing masses is about 10 million м3 [15]. 

There are 15 major sites with the development of deep landslides in Moscow. 

An activization of landslides took place recently, in some cases directly connected 

with human engineering and economic activities. Protection measures that have 

been realized earlier as rule are not sufficiently effective. It is evidenced by the 

ongoing development of deformations on the slopes (in areas of Vorob'evy Hills, 

Phili-Kuntsevo, Kolomenskoye, Khoroshevo-2, Moskvorechye, etc.). 

In 2006–2009 two catastrophic activizations of deep block landslides took 

place in Moscow on sites Khoroshevo and Moskvorechye. The destructive 

landslides occurred with the width of 220-330 m along the banks of the river 

Moscow. The cost of the designed protection at the site was more than 30 million 

$. There is a risk of activation of landslide process in other landslide areas. 

Currently, a new large Ski Jump is being constructed of the on the slopes of 

Vorobevy Hills – in the largest landslide cirque in Moscow. The object is located 



on the landslide steps of a deep block type landslide, which is characterized by 

constant slow deep movements (up to 5 mm/year). It is absolutely obvious that the 

Ski jump would subsequently start to deform and its’ protection would be needed.  

Also at present time, a new escalator gallery is being designed, which is located 

on the same slope, connecting the metro station Vorobyovy Gory which is situated 

downslope with Kosygina street (situated upslope). And it is worth noting that the 

old escalator gallery served here  less than 25 years (1959-1983) and was destroyed 

by slow landslide deformations on the slope. This shows that the risk of deformation 

and destruction of objects is being presented even without the formation and 

development of active landslide displacements on the slope. 

Effective protective measurements and rational development of slope 

territories where the development of deep landslide movements is possible should 

be based on taking into account the peculiarities of the mechanism of block-type 

landslides forming and development. These aspects are considered in the given 

article. 

LANDSLIDE MECHANISMS OF DEVELOPMENT  

The number of different landslide classifications is great. As rule, they are 

based on certain characteristics, such as landsliding mechanism (i.e. the process); 

planar shape; the magnitude of an area or volume; landslide age; depth of a slip 

surface; occurrence within a certain geologic formation, the reason of activization, 

etc. Mechanism-based classifications are the most common [4], [6], [11]. For 

example, landslide classification based on a movement type of a landslide proposed 

by Cruden and Varnes [3] is quite popular. The mechanism of movement of a 

landslide mass is considered in this classification (sliding, rotation, translation, flow 

and etc.) depending on material type (rock, debris or earth). However, the 

mechanism of landslide formation (preparation, loss of stability of a soil mass and 

a separation of a landslide body) is being neglected in it. This often makes it difficult 

to correctly recognize a landslide type, because different landslide types may have 

a similar mechanism of movement in the intermediate stage of their development: 

i.e. movement of a landslide body along the slip surface.  

We consider that the mechanism of landslide formation (i.e. all factors, 

processes leading to physical movement or slide) is more important, than the 

mechanism of displacement of the already separated part of the groundmass. 

Accordingly, when classifying landslides, it is considered reasonable to take into 

account driving and resisting forces and a mode of deformation of the groundmass 

during beginning (preparatory) stage of the landslide process, which would 

generally determine the mechanism of formation and development of a landslide. 

Therefore, based on the mechanism of formation, landslides may fall into three 

main categories [7]: 1) deep-seated compression-extrusion type; 2) shear–sliding 

type; 3) liquefaction–flow type. 

Deep-seated block landslides of compression–extrusion type are considered 

in this research (Fig.1). This landslide type can be correlated in most cases with 

rotational slides, spreads and complex landslides from Varnes’ classification [6]. 



 

The loss of a groundmass’s stability and its progressive deformation takes place 

in accordance with the compression scheme. The horizon, characterized by soil 

strength σstr, due to the compressive stress caused by the weight of overlying strata 

is being deformed. This leads to firstly subsidence in the overlying mass upslope, 

increase in tensile stresses in a zone of subsidence, and then to formation of a 

tension crack. Finally, a new landslide block separates in this upper part of the slope 

and displaces downwards along a steep curved slip surface. The angle of the slip 

surface flattens downslope and may become nearly horizontal. The displacement of 

a new sliding block triggers the displacement of the previously separated blocks 

located further downslope (which compose the landslide terrace). 

 

Fig. 1. Schemes of a landslide deformation with compression–extrusion 

mechanism: a, b – the compression landslide in cohesive soils; c – the subsidence 

and the spread of landslide blocks in rocks; d – bulging of the valley bottom; e – 

gravitational folds: deep creep with the S-shaped deformation of layers; f - 

gravitational deformation of ridges. 

The slip surfaces are formed typically in clayey soils. The landslides of 

considered type usually occur on coastal territories, river banks, and lake cliffs and 

may develop in slopes of excavations, embankments, and in quarry sides. 

Landslides in fractured, and/or weathered rocks are less known. They occur in 

mountainous and foothill regions. They are characterized by slow development of 

deformations during the initial developmental stage that may take hundreds of 

years.  

However, very often this stage of the new block formation (with deformation 

of the groundmass in accordance with the compression scheme) is not analysed 

during investigation of a landslide mechanism. The subsidence of the new block 

along a steep curved slip surface is mistakenly thought of as a shear process, and a 

landslide is considered to have a shear–sliding mechanism. 

The formation of a long front of landslide blocks and, moreover, the frontal 

character of landslide cirques is an important feature in recognition of considered 

landslide type. As rule, the relief is stepped, reflecting the blocky structure of a 

landslide mass. This stepped geomorphology is difficult to recognize at the end of 



the landslide cycle, when the landslide blocks reach the lowest position on the slope 

and form nearly horizontal landslide terrace. 

The appearance of long continuous cracks is the feature of an active 

displacement of landslide blocks. Crown cracks usually occur at the top of the slope 

on the contact of the landslide with undisturbed native groundmass, and also on the 

boundaries between landslide blocks. Cracks are also usually formed along the 

compression bulges along the front of the blocks, as well as downslope at the toe. 

A scar wall of the cirque is steep, curved and has a maximum height in the central 

part of the cirque.  

The slip surface is being formed during the separation of a landslide block from 

the native groundmass. It is steep, curved, and has nearly circular profile. The slip 

surface flattens out downslope and meets the nearly horizontal slip surface of 

previously displaced landslide blocks constituting the landslide body in the existing 

landslide cirque. 

Landslide blocks of the compression – extrusion type can be formed practically 

in any type of soil or rock, if the following condition takes place in the groundmass: 

hstr  
,  (1) 

where str –  material (soil or rock) strength of a layer in consideration;  – unit 

weight of overburden material; h – depth of potentially deformable layer. 

The displacement of a landslide body is caused by the pressure of the upslope 

blocks, therefore, a compressional bulge or ridge is usually formed in front of the 

youngest block. This geomorphic feature is especially visible during the main 

displacement stage, when a new landslide block separates from the plateau. In 

coastal areas when the sliding surface extends into the submerged part of the slope 

this bulge often resembles an island. This characteristical bulge often occurs in front 

of each landslide block that composes the landslide body. 

THE LIMIT-STATE OF A GROUNDMASS DURING THE 

FORMATION OF A NEW LANDSLIDE BLOCK 

The reliable determination of a limit-state of slope groundmass and landslide 

hazard assessment are essential during site planning and designing of protection 

measures.  

The landslide processes includes: 1) the preparatory stage, 2) the phase of 

catastrophic activization, when a new landslide block becomes separated from 

stable ground and joins with previously formed landslide body and 3) general 

continuous downslope displacement of the landslide body. The landslide 

displacement during the stage 2 is progressive and mostly destructive [8, 15]. 

The criteria for the limit-state of the soil mass assessment was developed [13], 

including the methodology of the limit-state calculations.  

As it was mentioned above, the development of landsliding processes stops 

once a flat landslide terrace is formed on the slope, which represents the end of a 



 

landslide cycle. The height of a scarp wall reaches its critical value Hcr near the axis 

of a landslide cirque, (Fig. 2). At this moment there are temporarily no deformations 

on the landslide slope. The landslide body is motionless, but the native mass reaches 

the limit-state. The transition from this temporary quasi-equilibrium to a 

catastrophic activation of a landslide process (with formation of new landslide block 

and destructive deformations in entire landslide cirque) may occur as a gradual 

change in a strain-stress state of a landslide-prone mass, or as a sudden catastrophic 

event, triggered by an external factor.  

For the 2D case, considering landslide-prone slope mass with landslide 

deformation on i-th horizon at depth Za, implementing the Mohr-Coulomb theory 

(for localized zone in a groundmass), the equation for limit-state assessment of a 

native groundmass (Fig. 2) was developed as: 

)(
2

cra

str
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where γ – average unit weight of soils above the deformable horizon in a native 

groundmass (Fig. 4); Za – the depth of the slip surface; σstr – the soil structural 

strength of the deformable horizon, σstr = 2c ∙ tg(45 +
φ

2
); Hcr – critical height of 

the above-landslide slope (the excess of the circus ledge over the middle part of the 

landslide terrace) in central part of the cirque. 

 

 

Fig. 2. The scheme for calculation of a slip surface depth (Zа) in a central part of 

a landslide cirque [7]: Hcr – the height of a slope above landslide terrace; Zp,cr – 

thickness of a landslide under terrace; Hf – height of the above-landslide slope 

(above latest blocks); Zp,f – thickness of the youngest landslide block.  

Thus, the developed method [12] allows to calculate and identify the depth of 

a slip surface, with the usage of the data from typical engineering geological surveys 

on landslide areas. This invention allows to calculate and define the slip surface 

depth in a landslide mass even on stage of absence of landslide displacements along 

slip surfaces (when the usage of e.g. inclinometers is not effective).  

The block-type landslides of compression-extrusion mechanism are the most 

widespread and can be found in different engineering geological conditions. For 

example, typical deep landslides can be found in Russia (Moscow (Fig. 3), Nizhny 

Novgorod, Kazan, Ulyanovsk, Volgograd, Cheboksary, Saratov, Saransk, Sochi 



et.al.), Great Britain (Folkestone Warren) [1], [2], [14] (Fig. 4), Ukraine (Odessa 

(Fig. 5), Mariupol), etc.  

 

Fig. 3. A schematic cross-section of central part of a landslide cirque in 

Khoshevo, Moscow (Russia): 1 – clays J3ox; 2 - clays J3v; 3 – sands K1; 4 – sands 

and loams QIV. 

 

 

Fig. 4. The view of the landslide on the seashore near Folkstone (England), Gault 

clays (zone of a slip surface) and a schematic cross-section: a – glauconitic 

sandstones, b – Gault clays, c – glauconitic marls, d – sandy marlstone. [5, 16]. 



 

 

Fig. 5. A geological cross-section of a landslide in Odessa (Ukraine) [9]: 1 - 

loess-like loams, 2 -  limestone, 3 – clays, 4 – slip surface (by inclinometers); 5 – 

boreholes, 6 – groundwater level, 7 - hydrostatic pressure. 

 

THE PECULIARITIES OF DEEP-SEATED LANDSLIDES AND 

THE PROTECTION STRATEGY 

The economic development of territories with deep-seated landslide of 

compression-extrusion type should take into account the peculiarities and 

characteristic features of development of landslides of the considered type.  

1. The degree of activity and the velocity of displacements in a landslide 

cirque is correlated with a high position of landslide blocks adjacent to the 

scarp wall on a slope (Fig. 6, a). As it was shown above, the displacement of the 

whole landslide body in the cirque results from the pressure of the youngest block. 

The magnitude of displacement depends on the size of sliding blocks, soil 

parameters and other factors. On high slopes composed of strong rocks this process 

may continue for many centuries. This is an important characteristic of deep 

displacements that should be taken into account when planning the construction in 

areas of known (or suspected) landslide hazard, even when there is no visual 

deformations on the slope.  

2. The lateral and rotational displacement of landslide blocks is a specific 

feature of compression-extrusion landslides. This peculiarity is explained by the 

mechanism of formation of landslide blocks as a result of compression within the 

zone of undergoing deformation, the soil squeeze towards the slope, with separation 

and rotation of the blocks (Fig. 6, b). Naumenko P.N. [9] has shown based on the 

results of landslide researches on the Odessa coastline of the Black Sea that the 

rotational movement of blocks occurs along nearly circular surfaces as they 



continue to move downslope. Inclination (i.e. angle of rotation) of a rigid marker 

layer (i.e. the 6-13 m thick limestone layer of Pliocene, Pontik stage) was increasing 

with progressive translational movement of a landslide mass. Characteristical 

extrusional ridges form underneath the blocks, as soil mass continues to deform 

(Fig. 6, b). In some cases islands can be formed in the aquifer (Fig. 5). 

 

Fig. 6. Characteristic schemes of a landslide slope with deep-seated block-type 

landslide. A) high position of the upper sliding block, regulating the displacement; 

b) translation and rotary movements of blocks; c) formation of a bulge of 

compression in a landslide body; d) formation of a “cutting” failure at the bottom 

of a scarp wall and «main» (rear) failure in landslide native mass; e) the limit-

state of the native mass at headwall, with preparation of a new landslide block.  

Therefore, it is necessary to take into account the complexity of movement of 

the blocks when considering building on any landslide-prone slope. Due to 

significant thickness and extent of landslides, the possibility of continuous 

deformations on slopes should be considered in design projects, as well as post-

construction maintenance of buildings and infrastructure to provide sustainable 

existence and functionality of engineering objects that may be a difficult task. 

3. The formation of compressional ridge (bulge). This element of relief can 

be found in landside cirques, where the landslide terrace is composed of a 

significant number of sliding blocks. In this case, a middle landslide compressional 

bulge may form in any part of a landslide slope resulted from the pressure of a new 

settling block (Fig. 6, c). Landslide deformations below this bulge are usually 

insignificant. 

This peculiarity may influence the requirements for selecting the type and 

location of protective structures. The activity and the potential for landslide 

displacements is maximum in the upper part of the slope (in place of youngest 

landslide block).  

4.4. The self-developing effect is a specific feature of deep-seated block-type 

landslides. Each new landslide block pushes the landslide masses away from the 

scar wall while displacing. This leads to the formation of a deep tensile crack along 

the side margins of a landslide body (Fig. 6, d). This cracks undercut adjacent 

landslide-prone groundmasses, forming “heading” tensile cracks on the plateau, 

which are the forerunners of the beginning of decrease of slope stability and the 



 

formation of new landslide blocks on adjacent sites. This is a common for instance 

in long landslide cirques along coastal lines. Instances of this phenomenon can be 

illustrated by catastrophic landslide activations in the same landslide amphitheater 

in Odessa in 1964 and 1965 [9]. 

 

Fig. 7. The scheme of a “self-development” feature of deep-seated landslides. 

It is often believed that side erosion (abrasion) determines the intensity of the 

development of deep landslide movements. But the effect of "self-development" 

gives evidence that once the landslide process has started, it may continue even 

without influence of external factors, such as undercutting or removal of the masses 

and the toe. Thus, the mechanism of self-development should be considered in 

designing of appropriate mitigation and protection measures. 

5. The mechanism of catastrophic activations. As it was illustrated above, 

landslide displacements on the slope stops when a flat landslide terrace is formed 

in the middle part of the slope (Fig. 6, e), which represents the end of a landslide 

cycle. The height of a scarp wall reaches critical value Hcr in the axis of a landslide 

cirque. The landslide body is motionless, but the native groundmass reaches its 

limit-state. Thus, protective measures in areas with a potential for deep-seated 

block-type landsliding should include: 1) timely revealing of landslide-prone native 

groundmasses, which are close to limit-state condition; 2) the development of 

protection measures for slopes which are close to a limit-state, to prevent the 

formation of new landslide blocks and development of destructive deformations. 

NEW PROTECTION MEASURES FOR TERRITORIES WITH 

DEAP-SEATED LANDSLIDES 

Several new methods were elaborated to increase slope stability, based on the 

above-presented methodology for the limit-state analysis and taking into account 

the peculiarities of development of deep compression-extrusion landslides.  



The first invention involves construction of artificial cuts similar to erosional 

downcuts (natural gully or ravine) that can be considered as a natural-like 

technology (patent for invention RF №2413056, authors: Postoev G.P., Kazeev 

A.I.). The main aim of these cuts is break long continuous front character of the 

slope or a scar wall that have high potential for landslide hazard (Fig. 8).  

 

Fig. 8. Artificial “gully” cuts in a landslide-prone mass. 1 – landslide-prone 

groundmass; 2 – artificial local “gully” cut; 3 – slip surface; H – height of a 

scarp wall; L & B – length and width of a “gully” cut; R – radius of the scarp 

wall; Za – depth to potentially deformable horizon. 

The proposed method would result in a decrease of active earth pressure and a 

reduction of driving force that defines the possibility of new landslide block 

formation. The drainage of the groundmass due to the cut becomes significantly 

improved, takes place the reduction of hydrostatic and hydrodynamic pressures. It 

should be noted that this leads to a general change of seepage paths in cut sidewalls 

from original downslope direction (before the cut, which results in increased 

hydrodynamic and static pressures in saturated landslide-prone zones) to the 

direction towards the thalweg of the artificial gully. Thus, stability of sidewalls, and 

the overall slope stability is increased.  

This effect was not considered in the calculations, but it is believed that the 

actual slope stability may be higher than the calculated values. Therefore, limit state 

of the potentially landslide-prone slope with long continuous edge is altered by 

introducing artificial local “gully” cuts and creating local stable zones. At each such 

site the calculated resistance is increased in 1.5 times, as compared to the initial 

state of unmodified long slope that has a nearly linear crown-edge.  

The method is very effective in preventing huge massive landslides of 

compression-extrusion type, because the division of the groundmass into several 

discrete smaller bodies leads to elimination of one of the necessary conditions of 

their formation, i.e. a presence of the continuous slope front (see Fig. 7). 

Another possible way to stabilize a landslide-prone groundmass (1) effectively 

is to transform it into a useful stable object with a sub ground part (3), placed above 

the landslide (2) (Fig. 9.) [10]. It should be noticed, that a similar useful construction 

can be placed also in an artificial gully cut, shown on Fig. 8 



 

 

Fig. 9. The scheme the landslide slope with deep landslide (a) and reinforced 

slope (b).  

CONCLUSIONS 

Deep landslides of the compression-extrusion mechanism represent a major 

hazard to urban and mining infrastructure. They have a complex mechanism of 

development, huge weight, and cause a large problem in the implementation of 

protection measures. 

The landslide hazard assessment and reliable prediction of possible landslide 

activations, as well as the implementation of effective protective measures are 

impossible without characterization of a possible landslide based on the mechanism 

of its formation, on conditions and mechanics of the stress-strain state changes in 

the landslide mass. Planning of construc6tion on such territories should account the 

specific dynamics of deep landslides and definition of limit states of groundmasses 

on slopes. 

One of the most important things in stability analysis and designing of 

protection measures is to define the slip surface depth and the landslide sizes. A 

new method was elaborated which allows to calculate the slip surface depth with 

the usage of slope geometry and soil strength parameters. It is based on the results 

of our researches of peculiarities of development of deed block-type landslides. 

New methods for landslide slope stabilization were elaborated on taking into 

account the main features of landslide development of the considered landslide 

type. In most cases, it is very difficult to totally stabilize a deep landslide. But the 

construction on landslide slopes should account the peculiarities of deep block type 

landslides for providing the sustainable development of slope territories. 
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ABSTRACT 

Renewable energy sources are gaining more and more favor for ecological, 

economical reasons. Wide implementation of plants on such sources leads to an 

increase of uncertainty level in power grid on supplying part as most of them are 

straightly connected to weather conditions. While power loads are usually complex 

values with random trend characteristics too. Especially it concerns small-sized 

power grids where power load curves are even more unpredictable. One of the 

solutions is to implement smart grid techniques to balance the system and even to 

impact on customers’ behavior. But it asks for a separate control design for every 

power complex. The offered in the article Holarchy theory leads to simplification 

in control design for power grids. Holonic structure asks for the same mathematical 

description for lower level elements and the full complex. It provides the possibility 

to formulate and then use in design only one optimization problem. While the 

practical task will be just to insert parameters of exact power equipment. The article 

is devoted to the formulation of such optimization problem for small-sized power 

grid and description of power complex as a Holarchy with all its’ possible 

compounds. 

Keywords: power grid, smart grid, power control, renewable energy sources, 

Holon 

INTRODUCTION 

Control other big power systems was automatized for a long time. 

Consequently, the first attempts for implementation of smart techniques on power 

grid were provided for the level of big geographical areas and cities where mostly 

big power plants were used for supply. While nowadays supplying elements of the 

grid are becoming smaller as many private entities are starting to use their own 

power plants on renewable energy sources as described in [1]. Thereof a demand 

for small-sized power grid’s control is emerging. And as users of small-sized power 

grids will not provide manual control, the smart power grid is necessary. 

There are several approaches for power grid’s control. Brief description can be 

found in [2]. The approach with biggest potential is decentralization as it leads to 

increase in the effect of others too because it engages end customers into the grid’s 

control [3]. Also, it can be fully automated and become a smart grid.  

To be used in a smart grid control algorithm should be designed as in [4]. For 

any power grid, such design should be done for every exact case. Whereas the cost 

of proper control system design hasn’t considerably changed. In case of big power 

grids such cost is affordable. While for small-sized power grids economically 

ineffective to design it separately.  



 

In first part of the article “Holarchy” theory as a base for power grid’s 

decentralization is described. It is a proper instrument for the previously described 

task as it gives the possibility to formulate only one optimization problem and 

simplify the control design process. While the second part consists of example of 

“Holarchy” theory application on a small-sized power grid. The third part is devoted 

to the formulation of exact mathematical description for a small-sized power grid. 

As a result, an optimization problem is provided in the fourth part. In the fifth part 

the control system of power grid is described. At the end conclusions and 

perspectives are introduced.   

HOLARCHY THEORY 

Holarchy theory was firstly implemented in manufacturing processes. It was 

used for the optimization of a full process by dividing it into subsystem of special 

forms as reviewed in [5]. Then each part was optimized considering a main 

optimization task of the process. In the article it is offered to implement the theory 

to power grids.  

The contrast of the Holarchy theory to the classical “system-subsystem” 

approach is that Holon is the whole and the part at the same time as described in 

[6]. Consequently, mathematical models and optimization problems for every 

Holon or Holarchy are universal.  

The first step in applying the Holarchy theory is to formulate basic elements or 

Holons of a Holarchy which are both at the lowest and highest levels. For a power 

grid Holons from any level of Holarchy can be classified in three types: pure 

consumers, pure suppliers and mixed types as in figure 1.  

 

Figure 1. Holarchy and Holon principle 

Pure consumer can only take power from the system, pure supplier only 

provides power to the system, while mixed type Holon at some point can be a 



supplier of energy, and at other time consumes energy. Examples for that types are: 

an electric power vehicle as a consumer, a wind plant as a supplier and a battery 

storage as a mixed type. While Holons of higher level can be combined by Holon’s 

type at lower level, by a placing or an electric connection within a grid. More logical 

to connect Holons by a placing principle and then make even lower level by 

separating plant by their technical characteristics.  

For example, a small building’s power grid as a Holon should be divided by 

elements type. There Holarchy on the middle level will consist of two supplying 

Holons, one consuming Holon and one mixed Holons – wind turbine, complex of 

solar plants, complex of all consuming devices and complex of power accumulators 

consequently.  

While small area’s power grid with several buildings with own grid should be 

divided by placing principle. There every building will be a mixed Holon of middle 

level, while power plants used within their power grid will be their Holons of lower 

level. At the same time big plants that are supplying or consuming energy not to or 

from inner building’s power grid also become Holons of middle level. 

Anyway, Holons from the highest or lowest level can be classified into 

discussed types: supplier, consumer or mixed. While Holons on the highest level 

mostly will be of mixed nature.  

EXAMPLE OF THE HOLON SYSTEM FOR SMALL-SIZED 

POWER GRID 

Holonic approach can be implemented in design of smart grid control for small- 

sized entity as shown on figure 2.  

 



 

Figure 2. Small sized power grid as a Holon 

As such small-sized power grid a building or an estate with a complex power 

system can be considered. The only requirement is to have complexity in its power 

system’s structure: power plants as local suppliers and/or some kind of power 

storage. 

For small-sized Holarchy controlled Holons of a lower level usually have its 

exact features, so, can be fully mathematically described. Then for middle level 

power plants are combined in one or several Holons. If there are plants that work 

on different RES, they are recommended to connect within different Holons. The 

same works for consumers. For example, residential consumption that is most 

uncertain should be divided from administrative power load into several Holons. 

Also, in some power grids consumption can be separated into mandatory and 

supplementary Holons. Especially it is actual for autonomous power grid with no 

connection to central grid. 

Also the Holons should be analysed for possibility to be controlled. Mainly 

controlled Holons are power storages, but in some systems power plants or even 

consumers can be controlled too. For example, in autonomous power grids 

supplementary consumption or some power plants such are fuel generator or hydro-

power plant can be partly or fully controlled. 

MATHEMATICAL MODEL OF POWER GRID AS A HOLON 

A small-sized power grid in its extended version consists of power loads, a set 

of power plants (solar panels, wind, etc.), battery storage and a connection to a 

central grid.  

Power loads’ impact on a grid is uncertain static and dynamic parameters. In 

the research will be utilized only static parameter – active power (P) – as it is used 

for regimes and control calculations. The parameter depends on voltage and 

frequency (Vs and fs) of a power supply and changes within the minimum and 

maximum limits that can be calculated if loads are known. While in some systems 

even that limits can be variable because of partly unknown loads. To minimize the 

uncertainty of power loads forecasting can be used. Such forecasting can be 

provided by classical regression methods or more advanced intellectual methods as 

shown in [7].  

The power plants impact on a grid can be calculated much easier. Solar panels’ 

output can be calculated as: 

𝑃𝑆𝑃 = 𝑃𝑆𝑇𝐶

𝐺(𝛽, 𝛼)

𝐺𝑆𝑇𝐶
 [1 + 𝛾(𝑇𝐶 − 𝑇𝑆𝑇𝐶)], 

where 𝑃𝑆𝑇𝐶- solar panels output under standard conditions, G(β,α) - incident 

irradiance on the plane of the panels (W/m2), 𝐺𝑆𝑇𝐶- incident irradiance under 

standard conditions (W/m2), γ - power temperature coefficient, 𝑇𝑆𝑇𝐶  - temperature 

under standard conditions (0C), 𝑇𝐶- cell temperature (0C). 

 



𝑇𝐶 = 𝑇𝑎 +
𝐺(𝛽, 𝛼)

800
⋅ (𝑇𝑛 − 20), 

where 𝑇𝑎 - ambient temperature (0C), 𝑇𝑛- temperature of nominal cell operation 

(0C). 

While 𝑃𝑆𝑇𝐶 , γ, 𝑇𝑛 is nominal values provided by manufacturers for any solar 

panel. [8] 

Wind plants’ performance can be formulated as: 

𝑃𝑊𝑇 = 1/2 ⋅ 𝜌 ⋅ 𝐴 ⋅ 𝐶𝑝 ⋅ 𝜈(𝑍)
3 , 

where ρ - air density (kg/m3), 𝜈(𝑍)-wind speed at the wind turbine’s height 

(m/s), A - working area of wind wheel (m2), 𝐶𝑝- wind plants’ power coefficient. 

While A and 𝐶𝑝 is provided by manufacturer. [8]  

Anyway, power supply of most of the plants on RES straightly depends on 

weather conditions that are uncontrollable.  

Battery storage is used as a buffer between power loads and supply from RES. 

Its’ main parameters for smart grid are a state of charge (SoC) and nominal power 

capacity and voltage.  

Previously described “Holarchy” principle can be applied for a small-sized 

power grid with a connection to a central grid. Then the power grid is high level 

Holon, it’s loads, supplying power plants and battery storages are lower Holons, 

while central grid is higher level Holon. Whereas power impact on the higher Holon 

will have positive value if it supplies energy and negative value if it consumes. 

For implementation to a controller or other computing facility it is strongly 

recommended that all similar loads and power plants would be incorporated in 

several inner Holons. Pl is total consumption, Ps is total inner supply, Pb is input 

(positive value) or output (negative value) from battery storage. 

Total power impact (Pt) on central grid at any point can be calculated from the 

sum: 

𝑃𝑡 = ∑ 𝑃ℎ𝑖
𝑛
𝑖=1     (1) 

Where Phi is every inner Holon’s power, n is number of all inner Holons. 

OPTIMIZATION PROBLEM FOR THE HOLON 

As a factual matter small-sized grids without power storage could be optimized 

just by minimization of sum (1) online: 

Pt→min.      (2) 

On a hardware side of control process, it is to switch on or off supplying plants 

and central grid.  



 

But with incorporation of power storage optimization problem become more 

complex, as it can be used to buffer energy to increase inner efficiency of power 

supply. Consequently, it smooths consumption and supply curve from and to the 

central grid. 

For the foregoing reasons the optimization problem for a smart grid can be 

formulated as minimization of required power within 𝑚 hours’ period with an 

inequality constraint: 

∑ 𝑃𝑡𝑗 → 𝑚𝑖𝑛𝑚
𝑗=1 ,                                (3) 

SoCmin<SoCj<SoCmax, 

Where SoCj is battery’s state of charge at j-hour. 

𝑚 should calculated as a period of time when fully charged battery storage can 

cover some mandatory consumption without additional supply. While SoCmin and 

SoCmax are operational parameters of exact accumulators for the best utilization. For 

electric batteries these parameters depend on materials, operating environment, etc. 

Whereas for other types of accumulator (for example, water storage tank) that limits 

can extend till 0% and 100%. 

Beside that dynamic power costs are used worldwide to smooth a power 

consumption trend, while in Kazakhstan’s power grid it is not implemented. But, if 

such approach for power management will be applied, the optimization problem 

can be modified to minimize not just consuming power, but exact cost of it: 

𝑓𝑗(𝑃𝑡) → 𝑚𝑖𝑛    (4) 

Where 𝑓𝑗(𝑃𝑡) is power cost’s function from power level at exact hour 𝑗.  

CONTROL SYSTEM FOR SMART GRID 

Basic control system for smart grid is shown in figure 3.  

 

Figure 3. Small sized power grid as a Holon 



As a power grid’s Holons power consumption, wind turbines’ complex, solar 

plants’ complex, power storage is considered. Also connection to central grid for 

both possible supply and consumption is featured. In figure 3 can be seen that small-

sized smart grid consists of five blocks: a controller, a dispatching block, indicators, 

some kind of forecasting system and an internet connection to upload a weather 

forecasting. 

The controller beside real parameters from power grid received by indicators 

and the dispatching block uses load and weather forecasting. Weather data is used 

for calculation of future power supply from RES plants. It allows to utilize optimal 

control algorithm based on previously stated optimization task. After data 

processing the controller send the control input to the dispatching block that 

switches controlled parameters to match the optimal control. 

While forecasting system processes real power loads from indicators and 

weather forecasting from external sources by the internet connection. 

The forecasting of power load for the super small sized power grids is 

unnecessary as it can be straightly calculated or even controlled. But for power grids 

with more than one consumer the load is hardly predictable, so forecasting is 

obligatory as stated in [9]. The brief description of possible forecasting methods can 

be found in [10]. 

Such control system can be implemented both on newly combined hardware or 

on existing complexes for smart grid as in [11].  

CONCLUSION 

With wide adoption of renewable energy sources in small-sized private power 

grids the necessity of smart control technologies for such grids grew tremendously. 

Such necessity firstly based on impossibility of private users to dispatch and provide 

power balance manually. While with unstandardized structure and elements of such 

grids the control design has to be provided for every exact system. The first part of 

such design is to formulate mathematical description of the system to calculate then 

exact optimal controlling algorithm. Only then it can be implemented into a 

controller. So, the cost of such design is economically inadequate to the total cost 

of a private grid.  

The implementation of Holarchy theory with its possibility to describe both 

system and subsystems by one mathematical model provides possibility to design 

one controlling algorithm and then to scale it further. This approach sensibly 

decreases an end cost of a control design. Considered in the article small-sized 

power grid consists of several types of power plants, power loads and power 

storages. Implementation of Holarchy theory on the small-sized power grid is 

described. 

In the next part mathematical description of every element is provided. The 

main parameters of power loads are stated. The dependencies of power plants’ 

output on weather conditions are formulated. Then the total power of the grid is 

calculated.  



 

The main result is the optimal problem for the control algorithm that is 

formulated next. First optimal problem is designed for the system without any 

power storage and can be used for online control. While next optimal problem is 

more complex as it is provided for a grid with power storage. As such grid has 

several dispatching scenarios the control should be planed for some period of time. 

Also operational limits on state of charge for power storage should be considered 

as a condition for the optimization problem. Then the optimization task for the 

dynamical power costs are stated. 

At the end functional scheme of a smart grid on Holarchy base is fully 

described. Also connection to the central grid for both import and export of electric 

power is considered. 

In perspective such approach can be applied for power grids of bigger size. 

Even on a region or country level. While power load forecasting methods for a 

central grid should be researched more as the small sized power grids become not 

just a consuming but also supplying sub-systems. Also more detailed formulation 

of an optimal problem based on dynamical cost can be done. 
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ABSTRACT 

The main goal of our research was to compare the effectiveness of natural and 

supported attenuation as a remediation method for the removal of potentially toxic 

elements from mining waters occurring on the sites where sulfide mineralization 

deposits were present in the past. Samples for this research were taken from sites 

with abandoned mineral deposits of sulfide ores. These pose a danger to the 

environment in the form of increased concentrations of some potentially toxic 

elements (especially: As, Sb, Ni, Hg) in waters flowing out of the abandoned mines. 

These are the localities in Medzibrod, Poproč, Dúbrava and Pezinok where the main 

risk is represented by increased concentrations of As and Sb, and the locality in 

Merník where increased concentrations of Hg and Ni were found. As part of our 

research, we have successfully proved that natural attenuation is an effective 

remediation method for mining waters contaminated by potentially toxic elements. 

We also proved, that supported attenuation (by aeration) significantly increases the 

amount of precipitates – secondary mineral phases in the form of Fe oxyhydroxides. 

Keywords: mining waters, oxyhydroxides, remediation method, attenuation 

INTRODUCTION 

Cleaning of mining waters contaminated by various chemical elements is very 

demanding, both economically and in terms of time. The source of pollution usually 

cannot be removed, therefore we can only attempt to reduce its consequences, 

which can be long-lasting. The remediation of these areas using physico-chemical 

methods is usually costly and often involves additional environmental risks. 

Conventional methods of mine water purification include coagulation and 

flocculation, membrane separation, a few electrochemical methods, chemical 

extraction, ion exchange and others [1], [2]. Recently, not only natural and synthetic 

sorbents, but also industrial and agricultural wastes are used to remove 

contaminants from waters. This can be a cost-effective alternative to commonly 

used, more expensive methods for removing metals and metalloids from waters [3], 

[4]. 

 



 

MATERIALS AND METHODS 

Samples used in our research are represented by mining waters extracted from 

abandoned mining areas – Pezinok and Poproč – and naturally emerging secondary 

mineral phases in the form of Fe oxyhydroxides from localities in Medzibrod, 

Dúbrava and Merník. Localities in Medzibrod, Dúbrava, Poproč and Pezinok are 

abandoned mining areas where Sb ore used to be mined and locality Merník is an 

abandoned Hg mining area. 

Main goal of our research was to compare the efficiency of natural attenuation 

and attenuation supported by aeration. This comparison was carried out on the 

sample from Pezinok. Sample PK-1 is an uninfluenced sample of mining water. 

Samples PK-2 and PK-3 were filtered after extraction through filters with pore 

density of 0,45 µm and 0,2 µm respectively. Sample PK-4 was left to sediment for 

5 days (natural attenuation) and then filtered through a filter with pore density of 

0,45 µm. Samples PK-5 and PK-6 were aerated using an air pump for 1 day and 5 

days respectively, and then filtered through a filter with pore density of 0,45 µm. 

All samples were stabilized using 1ml of HNO3 and sent to a laboratory for analysis. 

Precipitated solids (mainly Fe oxyhydroxides) were left to dry after filtration at 40 

°C and then weighed. Sample PK-3 was first filtered through the filter with pore 

density of 0,45 µm, and then through the 0,2 µm filter. No solid phase was present 

after the filtration through the 0,2 µm filter.  

Samples from other areas of interest were extracted mainly to determine the 

properties of the emerging solid phases – Fe oxyhydroxides. We chose different 

mining areas with different geneses to compare qualitative properties of the 

emerging solids.  

RESULTS 

Table 1 provides a brief summary of samples from Pezinok locality used for 

comparison between natural and supported attenuation. All samples were stabilized 

using 1 ml of HNO3 and then sent for analysis. Samples PK-4, PK-5 and PK-6 were 

after sedimentation/aeration filtered through the filter with pore density of 0,45 µm 

and the collected solids were then dried and weighed. 

Table 1: Summary of samples from Pezinok 

PK-1 unfiltered sample 

PK-2 filtered through 0,45 µm filter 

PK-3 filtered through 0,2 µm filter 

PK-4 5-day sedimentation 

PK-5 1-day aeration 

PK-6 5-day aeration 

Quantitative analysis of samples from Pezinok (table 2) shows, that even the 

short, 1-day aeration (sample PK-5) helped increase the amount of emerging solid 

phases by two-fold, compared to the 5-day sedimented sample (PK-4). 5-day 



aeration (sample PK-6) proved to be the most effective, increasing the amount of 

emerging Fe oxyhydroxides by almost 3-fold. This is the proof, that the supported 

attenuation is more effective than natural attenuation. 

Table 2: Quantitative analysis of emerging Fe oxyhydroxides from samples 

extracted from locality in Pezinok 

Sample 
Amount of precipitate [g] 

5 liters 1 liter 

PK-2 0,1111 0,02222 

PK-4 0,0919 0,01838 

PK-5 0,2102 0,04204 

PK-6 0,3286 0,06572 

This also corresponds with our other research, which was carried out on the 

samples of mining waters from the locality in Poproč. Using natural attenuation, we 

managed to obtain only 0,009 g/l of precipitates. After 3 days of intense aeration, 

we collected 0,053 g/l of precipitates, which is a proof, that the supported 

attenuation was almost 6-times more effective than the natural attenuation. 

Difference in effectiveness between the samples from Pezinok and Poproč may be 

caused by higher Fe concentrations in the mining waters from the locality in Poproč. 

Chemical analysis of samples from Pezinok shown in table 3 also supports the 

fact, that aeration increased the formation solid phase, because content of Al, Fe 

and mainly Mn decreased with the level of aeration. These analyses were carried 

out in the laboratory of Department of Environmental Geosciences, Czech 

University of Life Sciences, Prague.  

Table 3: Chemical analysis of water samples from the locality in Pezinok 

Sample 
Al As Ca Fe Mn Sb Si Zn 

mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L 

PK-1 2,17 1,56 174,01 2,67 0,55 0,41 11,28 0,15 

PK-2 0,03 1,07 166,90 0,60 0,49 0,39 9,85 0,02 

PK-3 0,03 1,04 166,83 0,39 0,50 0,39 9,92 0,04 

PK-4 0,04 0,86 165,84 0,00 0,41 0,39 9,28 0,01 

PK-5 0,06 1,02 166,84 0,00 0,37 0,41 9,45 0,00 

PK-6 0,05 0,89 145,34 0,00 0,06 0,41 9,32 0,00 

Supported attenuation proved to be more effective regarding the quantity of 

emerging solids. However, considering the removal of potentially toxic elements, 

supported attenuation was not significantly more effective compared to natural 

attenuation. All potentially toxic elements seemed to have bound to the Fe 

oxyhydroxides that precipitated from the mining water even without aeration.  

Lower content of potentially toxic elements As, Sb and Zn in samples PK-4, 

PK-5 and PK-6 also proves, that both, natural and supported attenuation are 



 

effective remediation methods for removing potentially toxic elements from mining 

waters originating from deposits with sulfidic mineralization.  

Another important part of our research was the research of properties of Fe 

oxyhydroxides. Samples for this research were extracted from localities in 

Medzibrod, Dúbrava and Merník. Chemical analyses of these solid phases were 

performed by EL spol. s.r.o. and the results are shown in tables 4 and 5. 

Table 4: Chemical analysis of Fe oxyhydroxides from localities in Medzibrod and 

Dúbrava 

Sample 

Al As Fe Mn Sb Zn Pb Hg 

mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg 

M1 553 107484 273677 699 12107 72 24 0,296 

D3 537 7399 308013 15823 1925 50 6 0,043 

 

Table 5: Chemical analysis of Fe oxyhydroxides from locality in Merník 

Sample 

Ni As Sb Hg Cr Fe 

mg/kg in dry matter % of dry matter 

V1 71 46,75 0,84 0,699 199 17,44 

V2 358 20,17 1,14 2,214 519 22,81 

V3 138 114,82 <LOD 0,775 81 24,73 

Interesting about the Fe oxyhydroxides from the locality in Merník is the 

content of Hg (table 5). It is typical for this locality since it is an abandoned Hg 

mining area. 

Fe oxyhydroxides are main natural sorbents for Sb and can precipitate in the 

wide range of pH values [5], [6], [7]. These Fe precipitates significantly help to 

reduce the mobility of dissolved contaminants in water environments [8]. Fillela et 

al. [9] point out the importance of Fe oxyhydroxides in reducing the mobility of Sb, 

especially in acidic soils and waters. 



Figure 1: Sample D3 – particle distribution of Fe oxyhydroxides from Dúbrava 

locality 

Figure 1 shows size distribution of Fe oxyhydroxide particles expressed by 

cumulative distribution and density distribution. It can be seen, that all the particles 

are sized between 150 nm and 4500 nm. Most of the particles have the size of 550 

nm. 

Figure 2 shows the same kind of particle size analysis on 2 samples from 

locality in Merník – samples V1 (figure 2 A) and sample V2 (figure 2 B). 

Figure 2: Sample V1 (A) and V2 (B) – particle size distribution of Fe 

oxyhydroxides from locality in Merník 
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Particle size of the Fe oxyhydroxides varies from 200 nm to 1100 nm in sample 

V1 (figure 2 A) and from 150 nm to 3000 nm in sample V2 (figure 2 B). Most of 

the particles in both samples have the size between 550 nm and 600 nm. All particle 

size distribution analyses were carried out by the Institute of Geotechnics, Slovak 

Academy of Sciences. 

Mineralogical analysis of emerging Fe oxyhydroxides using X-ray diffraction 

analysis proved, that samples from Dúbrava (figure 3 A) and Merník (figure 3 B) 

consist mostly of the mineral ferrihydrite. Synthetic 2-line ferrihydrite is shown in 

the upper right corner of the figure for comparison. XRD analysis was performed 

by the Earth Science Institute of the Slovak Academy of Sciences. 

Figure 3: XRD analysis of Fe oxyhydroxides from locality in Dúbrava (A) and 

Merník (B) compared with synthetic 2-line ferrihydrite 

CONCLUSION 

In our research, we managed to prove, that supported attenuation (by aeration) 

is more effective regarding the quantity of emerging solids – secondary mineral 

phases of Fe oxyhydroxides, compared to natural attenuation. These mineral phases 

– Fe oxyhydroxides are effective sorbents for the removal of potentially toxic 

elements (metals and metalloids, especially Sb and As) from mining waters with 

high contents of Fe. The supported attenuation did not prove to be much more 

effective than natural attenuation regarding the effectiveness of the removal of 

potentially toxic elements.  

XRD analysis shows, that emerging solids precipitating from mining waters 

are mostly represented by ferrihydrite. However, these mineral phases are very 



poorly crystalline, and their mineralogical determination is complicated. The 

emerging mineral phases are often unstable and tend to transform to more stable 

goethite [10], [11].  

Particle size analysis shows, that most of the particles occurring in the naturally 

emerging mineral phases of Fe oxyhydroxides have the particle size of 550 nm. 

Hence the use of filters with pore density of 0,45 µm is sufficient to rid waters of 

these solid phases and thus reduce the mobility of potentially toxic elements. 
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ABSTRACT 

It is well established the importance of the initial design phase in the overall 

process of sustainable architecture. Strategies including: optimal orientation, the 

use of passive solar design, incorporation of low embodied energy materials, 

thermal efficiency of envelope systems, can be applied to a variety of residential 

buildings. From this standpoint, the main objective of this study is to demonstrate 

that the architectural object’s scale is not that important, meaning that by using 

passive design strategies and innovative technical solutions can be obtained a 

similar energy performance over time for different home typologies.  

Therefore, a house with a small indoor air volume versus a house with higher 

air volume can ensure comparable degrees of comfort and energy consumption per 

surface unit. To emphasize this statement a comparative analysis in terms of energy 

efficiency was made between two houses with almost identical enclosure elements 

and different sizes (a ground floor house – 90 square meters and a two story house 

– 210 square meters).  

Keywords: passive solar design, thermal efficiency, energy assessment, 

compactness, scale 

INTRODUCTION 

The contemporary society is facing lately the sustainability challenge, requiring 

a holistic approach that brings together social, economic and environmental 

perspectives. The construction industry is an important consumer of energy and 

resources; therefore, all new design strategies must respond to the prerequisites of 

sustainable development. 

The concern for energy efficiency plays a pivotal role and results in the 

optimization of design and constructive solutions for residential buildings [1]. The 

buildings account for over 40% of final energy consumption in the European Union, 

prompting the need for additional measures and policies in an effort to reduce the 

region's dependency on imports. In addition, in 2002, the residential sector was 

accountant for more 77% of green house emissions of all building stock, suggesting 

more rapid uptake of energy efficiency [2]. From the total energy consumed in the 

build environment, more than 60% is destined for heating and cooling the premises, 

with the rest consumed by lighting, electrical appliances and other uses, indicating 



the need to increase the thermal performance of building's skins as a first solution 

for reducing energy consumption and carbon emissions [3]. Other aspects that 

should not be ignored are related to building orientation, compactness, planimetric 

and spatial dimensions, shading devices, etc. 

The present paper analyses the degree to which the architectural object’s scale 

influences the overall energy performance by comparison between 2 single family 

dwellings with similar geometry and thermal energetic data, but with different built 

volume. 

The houses have been designed within the Modellus Research Grant Project 

(Model for a sustainable single-family dwelling), conducted at the “Gheorghe 

Asachi” Technical University of Iași, Faculty of Architecture. The project’s main 

objective aimed at designing 10 architectural solutions for single-family homes that 

meet the sustainability criteria (functionality, energy efficiency and minimal impact 

on the environment), based on the use of local materials (wood, natural stone, earth, 

wool, straw etc.) characterized by low embedded energy, that require medium-

skilled workmanship [4].  

ENVIRONMENTAL AND ENERGETICAL CRITERIA 

ADOPTED IN THE DESIGN STAGE 

The sustainable design translates into a complex set of principles to encompass 

areas related to environment, economy and society and the collaboration of 

disciplines to include these domains. From an architectural standpoint, in the 

conceptual stage, these measures can be grouped in two major categories: 

conformation and building physics, that intersect and are all subordinate to the 

principles of passive solar design. The approach should be, from the beginning, one 

that takes into account a life-cycle scenario. 

Conformation 

- orientation of the building often functions as a starting design point and is 

therefore a very important characteristic to architects. The main concern regards the 

ways to use natural light for solar gains in winter season in parallel to achieving 

simple and effective forms of shading in summer, as well as the impact they create 

on architectural expression and interior design; 

- flexibility fundamentally embodies a life-cycle approach to design. 

Incorporation of modularity and adaptive re-use represents a premise for durability 

in the context in which a residential building may go through various forms of 

existence. The adaptability of a building to changes translates in time to less costly, 

quicker changeovers in space-use [5]; 

Energy efficiency strategies 

- improving envelope energy performance by utilizing recent advances in 

materials and know-how is a cost-effective long-term strategy. Reducing cooling 

and heating requirements due to heat gain/loss through the building envelope 

elements has a major impact on the life cycle costs. Although the insulation 

requirements specified by national regulations have constantly raised the comfort 



 

standards, this issue is better understood at the level of final users in terms of the 

economy over time. 

- materials utilized have to respond to two main criteria: environmental (low-

embodied energy, local availability, ability to be recycled) and health (non-toxicity 

and limitation of fire-hazard); 

- using the thermal mass employing materials and construction elements with 

certain consistency / thickness, precisely to ensure the storage of heat, in daytime 

and released at night or when indoor temperature falls below the thermal mass. 

- optimizing ventilation in order to ensure the quality of indoor environment 

and to reduce the energy demand for cooling. 

PROPOSALS FOR ENERGY EFFICIENT HOUSES  

The architectural models were elaborated following a complex study, which 

focused on both the optimization in architectural terms, obtaining solutions with 

high functional and aesthetic qualities; and on the other hand, the integration of 

innovative constructive solutions, by capitalizing on local resources (wood, clay, 

stone), for high energy performance, figure 1. 

M01 – ground floor house M02 – two storey house 

 

Figure 1. Architectural sollutions for the evaluated houses (Renderings, specific 

sections and first-floor plans) 



The first house, M01 is a ground floor dwelling with a gross area of 

approximately 90 square meters, which can be placed on a slope or flat terrain, by 

vertically adjusting the night zone in relation to the day zone. Architectural style is 

contemporary minimalist, with generous glazed surfaces, through which an optimal 

communication is achieved between the interior and the exterior. The house 

reinterprets elements of traditional architecture such as the intermediate protected 

space or the rhythm and proportion of the wooden columns in the living area. The 

dwelling is a small one with a living area and a bedroom, but it allows extension on 

two sides with additional spaces. On the southern and eastern sides are generous, 

sheltered terraces that allow for outdoor activities, whose proportions, functional 

and shadowing role are inspired by the traditional dwelling. From a constructive 

point of view, the structure is modular, entirely made of wood, including the ground 

floor slab, positioned on poles. This system allows for easy end-of-life dismantling 

and relocation with minimal impact on the environment. In order to ensure the 

thermal mass, a medium clay wall is proposed, separating the day zone from the 

night area. Through compact form, minimalist architecture and flexible 

functionality, the proposed solution is versatile, compatible in various contexts: 

location, family structure, and destination. 

The second house, M02 is a two story detached dwelling with a gross area of 

approximately 210 square meters, whose concept is the north-south duality. The 

project aims for a generous glazing to the south and the layout of the main spaces 

with this orientation, in contrast to a compact façade to the north and the orientation 

of the secondary spaces in that direction. Although the projected image is one of 

modern expressiveness, the inspiration for the concept comes from traditional 

Romanian houses, which invariably have a porch and south-facing rooms and a roof 

that descends almost to the ground to the north, regardless of context. The interior 

space is fluid and flexible, with the double-height living room ensuring visual 

communication between various spaces. At the same time, the functional solution 

allows, without changing the facades or structural elements, various re-partitions, 

both at the ground and the floor level, thus meeting the time evolution needs of a 

family with 1or 2 children. The lamellar wooden structure designed for the slabs of 

this dwelling remains partially apparent, for greater expressiveness and is found 

with the same geometric pattern at the exterior finishes following a unitary concept. 

The same structure is also placed on the outside of the south windows, as a support 

for plants with falling leaves to ensure summer shading and maximize solar intake 

during winter. The staircase enclosed in the greenhouse is supported on a thick clay 

wall designed to improve thermal inertia. The contemporary style of the dwelling 

makes the elements inspired by the Romanian archetypal architecture more difficult 

to reveal, although they are found in all the components of the house, from: the 

geometry of the structure, the stratification of the exterior walls including adobe 

masonry, the finishes (white plaster and wood), to subtle interpretations of the 

intermediate space of the porch and the relation between household functions.  

 

 



 

ENVIRONMENTAL EVALUATION, RESULTS AND 

DISCUSSIONS 

The energy performances of the models have been evaluated by numerical 

simulations using specialized programs (ArchiCAD Eco Design software). Specific 

key indicators have been determined, including: 

- specific annual energy consumption for heating (qi), expressed in 

kWh/m2a, means the energy required to maintain comfort  indoor air 

conditions in the cold season and is based on the building’s heat losses [3]; 

- specific annual energy consumption for cooling (qr), expressed in 

kWh/m2a, is calculated from the net cooling energy need during the worm 

months, taking into account losses from generating, storing, distributing, 

and transfer as well as conversions [3]; 

- annual impact on the environment estimated by the equivalent emission 

index, expressed in kgCO2/m2a, 

In addition, the program provides detailed information on heat loss, energy 

consumption for lighting, solar gains and internal gains. 

A detailed model of each house was designed using the software, conducting 

to an accurate evaluation that takes into account the precise geometry of the 

solutions. The inputs are based on the computed values of the adjusted thermal 

resistances for each specific element, in accordance to Romanian standards. Both 

solutions use the same stratifications for envelope elements and, consequently, the 

average thermal resistances per each house have close values, 3.33 m2K/W for M01 

and 3.45 m2K/W for M02 (the 5% difference is in favor of M02 model). The 

characteristic geometric parameters for the 2 houses, taken into account in the 

energy evaluation, are shown below in Table 1. 

Table1. Building geometry data for the two houses 

Model Total 

Area 

A 

[m2] 

Heated/Ventilated 

Volume 

V 

[m3] 

Building Skin 

Surface 

Aa 

[m2] 

Compactness 

 

A/V 

[m-1] 

Glazing 

Ratio 

 

[%] 

M01 90.89 201.06 172.04 0.855 21 

M02 208.94 474.91 416.68 0.872 20 

 
The results of the comparative study, figure 2, indicate a high level of energy 

efficiency, characterized by the low annual energy consumption for both dwellings.  



a.  

b.  

Figure 2. Results - Eco Design simulations for the proposed models: Energy 

balance 

 a. M01 house model; b. M02 house model 

The values obtained through design simulations are presented as a comparative 

analysis in Figure 3. 



 

 

Figure 3. Comparative simulation results 

Analyzing the simulation results for the two models, we can conclude that 

although the values of average thermal resistances are very close, the total specific 

energy consumption differs by approx. 15% in favor of the M01 model. This aspect 

can be explained by the difference that occurs between the cooling consumption 

values, the M01 model having a 30% lower value than the M02, although both 

models benefit from an approximately equal area of shaded terrace. This can be 

attributed to M02's two stories that modify the building's spatial configuration, thus 

reducing the protective effect of the shaded terrace against solar radiation. At the 

same time, the solar input is reduced by about 6%, although the percentage of 

glazing in the two models is similar. 

The specific energy demands for heating have close values (5% difference), 

therefore both models can be included in the LOW category, figure 4. 



 

Figure 4. Towards passive house, heating need per unit floor area clasification 

[6] 

The CO2 emissions related to the two models are similar in value. This result 

confirms a broader study that indicates that for houses with higher levels of thermal 

performance, the size itself is a less significant factor of overall emissions [7]. 

CONCLUSION  

The comparative study emphasises the importance of both passive solar design 

measures and thermal efficient solutions for envelope elements in the case of 

detached houses. Provided these measures are implemented, the overall scale of the 

house plays a lesser role in terms of energy performance.  

The total specific energy consumption for operation for the two analyzed 

models is significantly influenced by the cooling energy demand (also influenced 

by the spatial configuration of the building). Energy consumption can be further 

diminished by additional measures to protect the glazed surfaces from solar 

radiation such as blinds, shutters or windows with selective optics. The comparative 

study emphasizes the need for an energy analysis from the earliest stages of design, 

in order to choose the most efficient solutions and measures to reduce energy 

consumption and greenhouse gas emissions. 

Although this study indicates that size itself is not as important regarding 

energy consumption per surface unit, it is obvious that the increment in energy use 

is in direct proportion to the overall scale of a building. 
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ABSTRACT 

The purpose of the paper is to set a framework for sustainable development and 

environmental strategy for the small island of Malapascua (Republic of the 

Philippines). The action aims to improve the living conditions as well as the comfort 

and satisfaction of the island's inhabitants, in a manner possible to implement in 

modest economic conditions without threatening the natural environment. The main 

elements of the strategy are:  

• focus on harmonious and sustainable spatial development,  

• well-balanced architectural design combining lessons from vernacular 

structures with up-to-date knowledge about bioclimatic building, 

• adequate selection of materials, taking into account limited resources and 

based on the circular economy model,  

• increased energy efficiency in buildings, 

• fostering the use of energy from renewable sources, 

• encouraging the use of natural ventilation and daylighting, 

• rainwater harvesting and purification, 

• sustainable resource management,  

• enhancing the blue economy, 

• community involvement and increasing the importance of local culture, 

• promotion of sustainable tourism as the main source of income. 

The paper addresses some of the most acute issues faced by the inhabitants of 

the island and the suggestions on how to improve the situation in a comprehensive 

manner are presented in conclusions.  

Keywords: blue growth, sustainable development, bioclimatic architecture, 

energy efficiency, sustainable development   

INTRODUCTION 

Malapascua is a small island (2.5 km by 1.0 km) on the Visayan Sea, in the 

Central Visayas archipelago, 6.8 km northeast from Cebu Island. With 946 

households the island has a population of approximately 8000 residents (including 

4867 local inhabitants) [1]. A tropical climate, with an average temperature of 30°C 

and rainfall of 16 cm/month [2], favors lush vegetation. Unfortunately, there are not 

many areas suitable for agriculture on the island and the cultivation of plants is 

limited to small vegetable and fruit gardens, while other agricultural products, such 



 

as corn, rice or potatoes, are transported from nearby Cebu. Animals raised in home 

farms provide eggs and meat (poultry and pork). Typically for islands, fish and 

seafood have been the main source of proteins, while most of the residents' income 

used to be based on fishing. The situation has changed since the 1990s. when scuba 

diving became more popular and the coral reefs around Malapascua started to attract 

more and more visitors. Nowadays the rapidly developing tourism as well as 

increasing island’s population and dwindling fish stocks are the reasons why the 

majority of islanders make a living mostly out of tourism.  

Visitors coming to Malapascua are mainly enticed by the Monad Shoal, a 

seamount rising 250 m from the sea bottom, in a distance of about 8 km from the 

island. Monad Shoal is famous as a natural cleaning station and one of the rare 

places in the world where thresher sharks (Alopias pelagicus - classified as 

‘vulnerable’ at the IUCN Red List) [3] can be regularly seen at sunrise, at the range 

of depths easily accessible for recreational and technical divers (25-40 meters). The 

thresher sharks use the cleaning station for bluestreak and moon cleaner wrasse to 

remove ectoparasites such as gnathiids from their skin and clean their gills and 

mouths. The shoal also attracts other pelagic fish such as devil rays and eagle rays. 

Unfortunately most of the coral reefs of the shoal have been damaged by destructive 

fishing methods, such as dynamite or plastic bottles filled with an explosive nitrate 

and diesel fuel mixture. In the mid-1990s, the Philippine government strictly 

forbade dynamite fishing, but many destructions cannot be repaired at this point. 

Currently 98 percent of coral reef systems in the Philippines are seriously threatened 

by human activities [4].  

 
Fig. 1. The view on Malapascua. Beaches on the right side are almost entirely 

occupied for boat construction and repair purposes. Photo: Michal Suchanski 

2018. 

 

 



BLUE GROWTH 

Currently, multiple efforts are being made to promote community driven 

marine conservation on Malapascua. Organizations such as People and the Sea, 

Evolution and others, promote the concept of blue growth, emphasizing the links 

between the marine ecosystem and social welfare, health, food security and 

education. While the income of Malapascua depends exclusively on its marine 

resources, either through tourism or from fishing, without proper regulations both 

activities can represent major challenges to the aquatic life and to the community. 

Therefore it is crucial to implement coral reef monitoring and biodiversity 

assessment programa as well as a data collection systems to support sustainable 

tourism and natural resources management [5].  

Education and research programs, run with the help of volunteers, are mainly 

focused on shaping awareness of threats to the marine environment, including 

sustainable fishing and responsible diving standards. Today most of the campaigns 

addressed to the local community are aimed at combating improper disposal of 

waste (burning, burying, dumping on shoreline) and limiting the amount of rubbish, 

especially non-biodegradable, that goes to the sea [1]. “Zero-plastic” policy is 

strongly promoted, especially regarding plastic straws and bags that represent a 

serious threat to the aquatic life, such as turtles who mistake plastic bags for jellyfish 

and die after eating them due to the inability to absorb food. The simple but effective 

examples of change are regular cleaning actions organized together with People’s 

Organizations, NGOs and dive centres, with the participation of local community. 

The divers clean sea bottom from the trash while the non-divers, including the 

children, collect the garbage from the beach. Solid waste treatment has been 

improved last years. Over 100 families are now using Takakura home composting 

method to deal with their biodegradable waste and comply with LGU request that 

biodegradable waste should not be taken to the mainland [1]. The environment and 

community-oriented programs are very successful. However, in case of rural 

planning and building techniques there is a lot to be done. 

 

Fig. 2. The centre of Malapascua should be transformed to create attractive, 

pleasant and well maintained public space. Photo: Barbara Widera 2018. 



 

SUSTAINABLE SPATIAL DEVELOPMENT AND 

BIOCLIMATIC BUILDING 

The construction of resorts and hotels on the island is necessary but, together 

with the population growth, it leads to the infrastructure stretch. Initiatives have 

been taken to “promote capacity building and community-based marine resources 

management as a way to alleviate poverty, increase the resilience of coastal 

communities and raise awareness about marine conservation” [5]. Malapascua hosts 

about 70 buildings dedicated for tourists, such as resorts, dive centres, restaurants 

and hostels. With the increased number of visitors, local immigration to Malapascua 

is also observed. Consequently, the demand for housing also expands. Due to 

financial constraints, the island does not have a pier for bigger boats which slows 

down the construction growth. However, this apparent inconvenience may have a 

positive impact on the island's more organized and green development. 

First of all there is a necessity to develop robust plan with focus on harmonious 

and sustainable spatial development. A growth strategy for Malapascua should 

cover several key points. To meet the requirements of the Philippine Law on 

Shorelines all the beaches must be accessible for everybody. The anchorages should 

be set at a reasonable distance from the shore so that the mooring boats do not 

threaten the coral reef. For the security reasons separate berths and anchorages for 

fishing and diving boats should be designated. Two small fishing ports should be 

organized in the south and north of the island. They should be located in a safe 

place, protected from waves and wind, enabling direct unloading of caught fish and 

other supplies. They must be well organized, kept clean and equipped with sanitary 

facilities. Water for boats washing should come from recycled rainwater and/or 

desalination plant. Water from wells should not be used for this purpose anymore. 

Places intended for boat construction and repairs should be designated by local 

community in the zone(s) slightly moved from the beach, to avoid blocking some 

of the most attractive areas, as it happens currently (Fig. 1). 

A pleasant and well-maintained meeting place should be arranged in the centre 

of the island instead of actually existing ‘market’ (Fig. 2). Shaded area for 

relaxation, equipped with cafes, bars and small shops will attract tourists and bring 

profits to residents. Simultaneously this kind of public space with increased hygiene 

standards will serve the inhabitants and improve the quality of life.  

On the island, a network of ventilation corridors planted with greenery should 

be planned and  implemented, to be used as paths for pedestrian communication. 

The existing main routes and footpaths may be paved with permeable material of 

local origin in such a way that rainwater can soak into the ground and that no mud 

puddles are formed to avoid breeding ground for mosquitoes. Concrete nor asphalt 

must not be used for this purpose. Instead, the use the local stone material in 

combination with coconut shells, reed and sand should be encouraged. 

Environmentally safe building techniques, based on local resources, ought to 

be developed with respect to native islanders culture and traditions. Well-balanced 

architectural design should combine lessons from vernacular structures with up-to-

date knowledge about bioclimatic building. This practice is supposed to follow the 



guidelines for new building for tourism in the context of the built heritage, including 

(but not limited to): 

• Working with the character of existing buildings;   

• Being sympathetic to the local vernacular style and materials (though 

this is not incompatible with contemporary architecture);  

• Paying careful attention to the setting; 

• Involving the stakeholders in finding the architectural solution [3].  

Originally, the households ,as well as the old chapel on Malapascua, were made 

of coconut palm branches and leaves. The same materials can be used today instead 

of concrete to create visually attractive and well ventilated façades (Fig. 3, 4). With 

the adequate use of natural cooling systems, the use of plant air condition may be 

radically limited without compromising the user comfort.  

 
Fig. 3. Traditional Filipino house on Cebu with pleated ventilated façade. Photo: 

Barbara Widera 2018. 



 

 
Fig. 4. Contemporary resort bungalow on Malapascua with pleated façade made 

of natural materials. Photo: Barbara Widera 2018. 

Today traditional reed thatched roofs are often underestimated and believed to 

be old-fashioned and non-functional due to rainwater leakage. Still, in combination 

with a simple bamboo drainage this is a very cheap and reasonable solution for 

tropical islands. The system can be easily improved with breathable waterproof 

membranes to protect the interiors from the rainfall without disturbing natural 

ventilation. Roofs can be covered with palm leaves as well. Bamboo, currently 

popular for scaffoldings on the island, can be used for lightweight structural systems 

and stylish furniture. 

The sun is the national wealth of the Philippines - it is even placed on the 

Filipino flag. This abundant source of energy should be used to a much greater 

extent, both for electricity production and for water heating. Local tradition avoids 

insolation of the interiors to prevent overheating. However, with the adequate 

shading system, the light can be redirected inside the building. Daylighting should 

be promoted as healthy and economically viable solution. With the appropriate 

design and increased energy efficiency the houses will be also more affordable. All 

the newly erected buildings must use suitable selection of materials taking into 

account limited resources and circular economy model. 

 



 
Fig. 5. The model for Malapascua bioclimatic dwelling/tourist facility based on 

vernacular architecture and climate studies. Drawing: Barbara Widera 2018. 

RAINWATER HARVESTING AND PURIFICATION

Malapascua struggles with limited sources of drinking water from local wells. 

With the increasing number of visitors this represents a serious challenge. While 

most of the tourist facilities implement the fresh water saving campaign, still 

rainwater collection is almost non-existing. This should be changed as soon as 

possible because with the abundant rainfall on Malapascua the fresh water shortage 

issue may successfully solved. Rainwater can be safely used for watering vegetable 

gardens, as well as to meet sanitary needs, including daily hygiene, washing, rinsing 

of diving equipment, etc. It is recommended to arranged for 60.000L tanks for 

rainwater collection at each hotel and at least one for each ten households. 

Rainwater collection tanks must be covered so as not to create insect hatching places 

(such as mosquitoes that spread dangerous infectious diseases). Effective, 

inexpensive and sustainable water purification system may use the phytodepuration 

process based on subsurface flow system. In such a system greywater from a couple 

of water tanks is delivered through the pipes to the central basin (0.8 – 1m deep), 

filled with pebbles and aquatic plants (macrophytes e.g. Phragmites australis) to 

provide biological purification of water [6]. With the appropriate policy and social 

awareness, the scarcity of water can be relatively easily overcome. 

THE ROLE OF COMMUNITY 

Well-balanced growth and longstanding change of attitudes towards ecosystem 

may only be obtained with the strong engagement of the local communities. 

Shaping new models of blue economy and consequent conservation of coastal 

resources may be obtained through the involvement of stakeholders. Understanding 

the benefits that a healthy marine environment can bring to current inhabitants of 

the island and to subsequent generations, should be the best motivation to 



 

participate in the environmental and development projects. With a lot of willingness 

to do something positive, a better coordination between the governmental 

authorities, NGOs, private sector as well as local and national organisations is 

necessary. Constant monitoring and impact evaluation are also very important. 

Finally it is essential to increase the importance of local culture so that the islanders 

are proud of it and understand that an open attitude towards the inflow of tourists 

does not mean uncritical acceptance of everything that comes from developed 

countries and is not necessarily appropriate for unique character of the beautiful 

island. 

CONCLUSIONS 

The paper addressed some of the most acute issues faced by the inhabitants of 

Malapascua: change of the main source of income from fishing to tourism, threats 

to the marine environment and the need to expand the buildings capacity of the 

island with limited economic and territorial opportunities. This leads to the second 

group of concerns, such as lack of a coherent development strategy and insufficient 

coordination between different stakeholders. However, the problems most directly 

affecting the daily life of the local community are the population limited sources of 

fresh water, low sanitary standards, poverty, high costs of food and energy. 

Suggestions how to improve the situation in a comprehensive manner were 

presented in the paper. Among the most important actions to be taken, the following 

activities should be mentioned:  

• Preparation of a coherent and sustainable development plan for the 

island, including bioclimatic strategies in spatial planning, 

architectural design, material selection and resource management as 

well as eco-friendliness of all existing and new touristic structures.  

• Development of the new building model taking into account respect 

for local culture, available materials, use of renewable energy and 

high level of energy efficiency, natural ventilation and daylighting, 

affordable rates and appropriate user comfort. 

• Promotion of sustainable tourism and blue growth with strong focus 

on shaping awareness of threats to the marine environment, including 

responsible fishing and diving.  

• Education and research towards ecosystem safety, sanitary standards 

improvement, rainwater collection and fresh water appropriate 

management. 

• Creation of a small local centre coordinating the activities of particular 

stakeholders and the groups concerned, including the involvement and 

empowering of local community and facilitating the bottom-up 

initiatives. 

The application of the strategy outlined in the paper will contribute to 

significant improvement of the life standard on Malapascua allowing for the better 

use of the island's potential with multiple benefits for the inhabitants, visitors and 

above all for the ecosystem preservation. 
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ABSTRACT 

This paper addresses two main research problems: existing gaps and challenges 

in architectural education as well as possible actions that could be undertaken to 

improve the university curricula for architects. The aim of the paper is to: 

1. Identify the gaps between 

• European university curricula for architects  

• Actual environmental policies at global and European level and  

• EU Research, Innovation and Development Programmes.  

2. Provide suggestions for necessary changes in European university curricula 

in purpose to prepare the future generations of architects to lead and control 

integrated design processes towards tackling global climate change beyond 2020. 

The author presents the results of current situation analysis, completed with the 

survey among architects, academic teachers and students of architecture from three 

EU countries. On the basis of these results suggestions concerning proposed 

changes in the academic education for architects are put forward. These 

recommendations are oriented towards integrated design for tackling global climate 

change beyond 2020. 

Keywords: education, innovation, sustainable architecture, energy efficiency, 

climate change.   

INTRODUCTION 

In the light of changing policies towards the environment, and especially the 

implementation of the Paris Protocol, the need for integration of approaches to 

holistic environmental design will arise [4]. Within next 10 years architects, civil 

engineers, environmental engineers and the whole building industry will experience 

a green revolution. Architects, as multidisciplinary team leaders, would have to 

coordinate various complex processes directly linked to EU and global policy 

demands regarding: sustainable development, energy savings and renewable energy 

production in buildings, high performance in terms of energy efficiency, integrated 

heating and cooling systems, consumers engagement (including e.g. post occupancy 

evaluation), reduction of GHG emissions, etc. [3]. Actual education and university 

curricula do not fully prepare architects and engineers to provide adequate response 

to these demands. While there is a lot of commercial firms on the market that 



 

promise low-carbon, energy efficient and environmentally safe buildings, in reality 

most of them involve so called false green declarations. And the expectations in the 

next decade will grow dramatically. This will require changes in university 

curricula for architects, intended to enable them to lead and control interdisciplinary 

design processes in multi-branches teams. 

CURRENT SITUATION ANALYSIS 

One of the most important challenges for European universities in perspective 

of next few years, i.e. 2020 and beyond, should be to provide education, training 

and skills to these professionals who can lead towards change, at the global level. 

When we look at European leadership in general, probably one of the strongest 

potentials can be seen in human resources. Distinguishing feature of Europe is 

putting a lot of stress on individual approach and respect for subjective needs, also 

in the field of education and personal development. That brings such results as very 

well educated individuals who can lead instead of ‘following procedures’, what is 

more typical for corporation approach worldwide. That refers in particular to so 

called ‘liberal professions’, including architects, who very often remain 

underestimated when talking about EU Leadership.  

The analysis of European universities curricula for architects, completed with 

the survey among architects, academic teachers and students of architecture from 

three EU countries (UK, Italy, Poland), carried out in 2016, revealed the strengths 

and weaknesses of actual education systems.  

Some of the most important identified strengths were:  

• Understanding the importance of cultural heritage preservation and 

conservation; 

• Ability to design the new built environment in the context of cultural 

environment; 

• Strong focus on functional and economic aspects of the building; 

• Good understanding of the contemporary user needs, high level of 

user comfort; 

• Growing interest in sustainable design; 

• Popularity of various software dedicated for architectural design, 

relatively easy access to adequate hardware and selected key enabling 

technologies (KET), such as e.g. 3-D printers; 

• Working on advanced building models, including programs for 

structural system design.  

The most serious identified weaknesses were: 

• Very common lack of understanding of passive and active 

environmental strategies; 

• Low level of understanding of climate change impacts on the built 

environment and ecosystems; 

• Problems with practical application of bioclimatic design; 



• Difficulties to address the issue of deep renovation of the existing 

buildings oriented towards high energy efficiency; 

• Few programs preparing students for advanced design such as e.g. 

adaptive building skin design; 

• Very few proposals for end-user engagement in design and post 

occupancy processes; 

• Almost complete lack of information about circular economy models; 

• Lack of effective cooperation between different fields of 

specialization which results with the lack of ability to manage 

integrated design processes. 

DISCUSSION OF RESULTS 

For the last 2 decades we have been experiencing very narrow specializations. 

That could be positive but too much of fragmentation is related to the risk of losing 

a wider image. Especially leaders, such as architects, that are responsible for the 

work of groups of people, need to have more knowledge, more tools and also more 

flexibility. Today more integrated approach to architects education, including 

multi-branches design processes is absolutely necessary [1]. For example only 

multidisciplinary research allows for the real application of key enabling 

technologies and advanced materials. The ICT skills are necessary to coordinate 

and control various complex processes directly linked to EU and global policy 

(renewable energy, heating and cooling, energy efficiency in buildings, sustainable 

development, etc.) [5]. That refers to the role of an architect as a multidisciplinary 

team leader. Without knowledge, understanding and ability to use advanced 

software and IT tools architects, as well as environmental and civil engineers, would 

have to outsource the crucial tasks that determine the failure or success of the whole 

projects. 

There is a necessity to create dedicated e-platforms that would, inter alia, 

facilitate the integration of sustainable environmental design in university curricula 

and in the practice of architecture, promote integrated education, knowledge 

exchange, on-line access to ICT tools such as software for sustainable design. A 

leading and outstanding example of such a platform was EU-funded Project 

EDUCATE (Environmental Design in University Curricula and Architectural 

Training in Europe), launched in 2009 [8].  



 

 

Fig. 6. An integrated cognitive framework proposed by EDUCATE, where the 

knowledge associated with sustainable environmental design can be systematised 

under: Issues and Principles, Applications and Case Studies, and Tools. Image 

source [2]. 

Connecting people is also crucial for integrated design processes, where the EU 

resources to support the initiatives would be very relevant for Growth as well as for 

R&D actions. European programmes concerning both leadership and e-leadership 

for liberal professions should support education and development of architects as 

an important group of  EU leaders. It concerns also a wide team of environmental 

engineers: specialists in heating, cooling and ventilation technologies, water cycle 

in building, water harvesting  and treatment, energy production, storage and 

transmission, including all the green technologies, renewable sources, recycling, 

embodied energy, Life Cycle Assessment, green transportation, etc.  

In the next few years the key technologies which have driven innovation, such 

as mobile devices or cloud computing, will combine with other emerging trends, 

like Internet of Things (IoT), virtual/augmented reality, wearables, 3D printing, 

cognitive systems and robotics [7]. This could be complemented with micro and 

nano electronics, nanotechnologies, industrial biotechnology, photonics and 

advanced materials manufacturing technologies. It is very important to link the most 

up-to-date works from the field of research and development to their practical 

applications. The same is truth at the level of educational practice and university 

curricula. The fear and anxiety for emerging and cutting edge technologies could 

be easily mitigated if this knowledge is translated from the level of mysterious 

theory to immediate practical understanding. Some fantastic examples could be 



observed when scientists work with children. As the youngest generation is usually 

free of prejudice in terms of advanced science, the knowledge is absorbed 

intuitively. 

Thus, instead of keeping KET as separate area, accessible for the chosen ones, 

we should use them as tools in teaching, and especially in university practice. It is 

recommended to promote the innovative initiatives and educational programs 

directed towards embedding practical application of Key Enabling Technologies 

(KETs) in university curricula. The example of such KETs application for the 

architects professional education is the ability to design in 3D environment, with 

digital tools enabling advanced parametric design. Parametric design should be 

understood as process based on algorithmic thinking that allows for the expression 

of parameters and rules defining the relationship between design intention and 

response [6], [10]. Particularly valuable and worth supporting initiatives are the 

newly created educational strategies combining the most actual challenges for 

society such as climate change and energy with built environment design [9]. The 

specific example is the design and modelling of geometry to develop performative, 

interactive architectural and structural concepts while following the necessity of 

highly energy-efficient building skins.  

Further examples related to KET application in education of architects involve: 

• Architectural design in virtual/augmented reality combined with 

usage of wearables e.g. to demonstrate to the client the characteristics 

of newly created space; 

• 3D printing for architectural applications; 

• Advanced digital tools for integrated design processes for built 

environment, including the analysis of the environmental impacts of 

materials and buildings (with LCA method), and especially the 

impacts related to climate change; 

• Introduction of cognitive systems in buildings;  

• Phase change materials and nanomaterials applied for advanced 

insulation systems; 

• Micro-CHP (micro combined heat and power) for buildings. 

The list could be much longer. The given examples illustrate how KETs could 

be directly applied to the educational practice and this way contribute to at least two 

important purposes: 

• Education of future EU leaders at the global level of innovativeness; 

• Further improvement of EU high-tech skills, knowledge and 

consequently also the increased technological efficiency. 

This could be perceived as the EU added value and an innovative example of 

‘circular economy thinking’ at the level of technology-knowledge-skills loop. 

CONCLUSIONS  

The author of the paper carried out the analysis of current situation regarding 

European university curricula for architects, completed with the survey among 



 

architects, academic teachers and students of architecture from three EU countries. 

On the basis of the results of this analysis, suggestions concerning proposed changes 

in the academic education for architects were put forward. Proposed actions for 

improved university curricula for architects involve: 

1. Necessity to develop more integrated approach to architects education 

including the ability to lead multi-branches design processes. 

2. Stronger stress on understanding of climate change impacts on the built 

environment and ecosystems, including bioclimatic design.  

3. Introduction of strategies for circular economy models and low emission 

zones. 

4. Embedding practical application of Key Enabling Technologies (KETs) in 

university curricula, e.g. the ability to design in 3D environment, with 

digital tools enabling advanced parametric design for adaptive building 

skins etc. 

5. Better practice in use of advanced digital tools for integrated design 

processes for built environment, including the analysis of the 

environmental impacts of materials and buildings (with LCA method), and 

especially the impacts related to climate change. 

6. Structural and energetic modelling for high energy efficiency in buildings, 

including deep renovation of existing buildings with respect to the cultural 

environment. 

7. Effective end-user engagement in design and post occupancy processes. 

Architects education should be perceived in categories of shaping future EU 

leaders at the global level of innovativeness as well as an improvement of EU high-

tech skills, knowledge and technological efficiency.   
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ABSTRACT 

Construction activity such as driving piles, vibrating compaction of earth 

materials and driving heavy construction machinery can result in varying degrees 

of ground vibration, depending on the equipment and methods employed. The 

operation of construction machinery causes ground vibrations which spread through 

the ground and diminish in strength with distance. Such vibration can also has a 

negative impact on security and stability of the structures, facilities performance 

and peoples should be controlled or monitored by experimental way and achieved 

results compared with relevant standards prescription values and criteria 

(Eurocodes, National Standards, etc.). The construction vibrations can be reduced 

by planed and guided use of construction machinery utilizing of the experimental 

analysis results, too. The effects of the construction vibration on the Bratislava 

Airport buildings structure caused by sheet pile driving during the construction 

work near present operating airport buildings are shortly described in this paper.    

Keywords: dynamic response of structures and soils, experimental analysis, 

FEM.  

INTRODUCTION 

In the case of analysis of construction vibrations caused by sheet pile driving 

during the construction works sometimes it is need to predict or monitor vibration 

level of on nearby structures and buildings. In this study the results of the theoretical 

and experimental investigation of the M. R. Stefanik Bratislava Airport building 

structures vibrations caused by pilling operations were analyzed mainly from the 

aspects of the safety of the existing building structures with full operating capacity 

[1]. The study also includes result of experimental tests for soil dynamic parameters 

evaluation of geological area of surrounding the pile driving positions. 

1. SOUCES CONSTRUCTION VIBRATION  

Vibratory hammers for driving non–displacement piles usually have low to 

moderate force amplitudes and operating frequencies above 20 Hz. Displacement 

piles are driven by vibratory hammers with frequencies of around 10 – 40 Hz and 

commonly along with much higher force amplitudes [2]. The soil resistance to pile 

penetration and the seismic effect of vibratory driven piles depend substantially on 

soil conditions, pile type and vibratory hammer model. A coincidence of the 

operating frequency with the soil layer frequency may generate large ground 



 

vibrations of the soil surrounding the pile. The use of vibratory hammers with 

variable frequency and force amplitude may minimize damage due to accidental 

ground vibration amplification. 

2. GROUND VIBRATION  

The main characteristic waves that are generated when a vibrating load is 

placed on the surface of a soil (half space) are the compression wave (P–wave), the 

shear wave (S–wave), and the surface wave (Rayleigh–wave). Each of these waves 

has a characteristic velocity calculated from the following equations:  

CW → CP = (λ+2μ /ρ)1/2, SW → CS = (μ /ρ)1/2 and  RW →  CR = (0.87+1.12ν 

/ 1+ν) CS, 

where  λ  and  µ  are  Lamé  coefficients of elastic medium, ν  – Poisson ratio 

and ρ is soil density; CP, CS, and CR are compression, shear and Rayleigh waves 

velocities respectively. The correspondence principle [3] can be applied to model 

material damping in the viscoelastic medium by the use of a complex Lamé  

coefficients  (λ + 2µ)(1 + iδ), where δ ≈ δE ≈ δG  represents the hysteretic material 

damping ratio for the compression and shear waves respectively. Natural ground 

conditions permits the ground to be modelled as a damped, viscoelastic half space. 

The viscoelastic model of soil simulation using the complex modulus conception 

E*= E (1+iδE) and G*= G (1+iδG) respectively, offers a very good approach to the 

actual soil behavior (E, G and δE  δG are real and imaginary components of 

complex modulus). The basic equations used to describe the viscoelastic half space 

analysis of wave propagation through the ground with modulus in complex form 

cannot be fully described here, see e.g. [1], [4]. 

Sources of construction vibrations generate body and surface waves in soil 

medium. Body waves propagate through the soil deposits and rock, see also Fig. 1. 

Compression (CW) and shear waves (SW) are the main types of body waves that 

should be taken into consideration at relatively small distances from the 

construction sources. Surface waves, 

 

Fig. 1 Pile vibration energy propagation via waves through ground to building 

structure 



of which Rayleigh waves (RW) are the primary type, propagate along the upper 

ground surface. Rayleigh waves have the largest practical interest for structural 

engineers because building foundations are generally placed near the ground 

surface. In addition, surface waves contain more than 2/3 of the total wave’s energy 

and their peak particle velocity [5] are dominant on velocity vibration amplitude 

records. The proximity of the frequency of horizontal soil vibrations to one of the 

building's natural frequencies may generate the conditions of resonance in that 

building. Moreover, vertical ground vibrations can cause dangerous structural 

settlements. To prevent the unacceptable effect of construction vibrations, it is 

important to accurately predict expected ground and structure vibrations and also 

it is useful to perform the monitoring of the structure response due to construction 

vibrations. The construction vibration monitoring enables the vibratory pile drivers 

operating mode regulation to avoid undesirable vibrations level of the structures 

and also undesirable effects on facilities performance and peoples. 

3. STRUCTURE VIBRATIONS DUE TO CONSTRUCTION 

ACTIVITIES 

Harmful vibration effects of construction activities occur frequently. 

Vibrations may produce direct damage to structures when excitation frequencies of 

ground vibrations do not match natural frequencies of structures. Such damage 

usually occurs in nearby structures at distances about one pile length from driven 

piles. Intensity of structure vibrations depends on soil–structure interaction which 

determines structure response to the ground excitation. Building vibrations having 

low and high frequencies are usually generated by Rayleigh and compression 

waves, respectively. There are two frequency ranges of structure responses: 2–30 

Hz and 30–450 Hz. Perhaps structure vibration damage obtained without the effect 

of resonant structure response can be considered for the most peak particle 

velocities (PPV) of ground vibrations higher than about 50 mm/s for frequencies of 

2–30 Hz, [5].  

Resonant structure response. The proximity of the frequency ground vibrations 

to one of the building’s natural frequencies may generate the condition of 

resonance. The PPV of structure vibrations can increases from two to seven times 

as high as vibrations measured at the ground. Under the condition of resonance, the 

maximum dynamic amplification even may be much higher, e.g. [6],[13]. Dynamic 

settlements – ground and foundation settlements as a result of relatively small 

ground vibrations in loose soils may occur at various distances from the source. 

Densification and liquefaction of soils can occur under the vibration effects of con-

struction activities. Additional causes of damage – soil excavation associated with 

pile driving and made in close proximity to existing building can produce structural 

damage, too. Dowding [7] observed that permanent excavation deformations 

induced in adjacent structure generally exceeded those from pile driving equipment 

and suggested taking into account the accumulated effect of repeated dynamic 

loads, from production pile driving. This approach is especially important for 

historic and old buildings and also for building in those great number people are 

allocated (theatres, airports, schools, hospitals, etc.). 



 

4. PREDICTION AND MONITORING OF THE BUILDING 

VIBRATION 

4.1. Assessment of building vibration due to construction activities 

Assessment of building vibration due to construction activities caused by pile 

driving is a problem that can be solved through the application of research. This 

research consists mainly of defining the relationship between intensity fluctuations 

in the soil, the pile driving energy quantity and the distance from the vibration 

source. Through intensity fluctuations can appear in different physical quantities, 

such as the oscillation velocity, acceleration, frequency, ground motion intensity, 

displacement and energy. There are accessible several standards in the field of 

measurement of vibration in the construction industry in the European Union 

(e.g.[11], [12]) and USA. In Slovakia in the field of measuring and assessing of 

building vibrations due to ground motion the most commonly used standard is 

Slovak Standard STN EN 1998 – 1/NA/Z1 (2010) based on EC8.  

The usual concern related to construction vibration is building damage. A 

considerable amount of research has been done to define acceptable levels of 

construction–induced vibration to limit damage to neighboring buildings. Pre– and 

post– construction inspections and real–time monitoring systems are used to avoid 

damage claims associated with the construction process. For sensitive equipment or 

historic and old building also in the case of build buildings with allocation of many 

people, however, the vibration levels of concern are two to three orders of 

magnitude lower than those associated with even minor cosmetic damage. In such 

cases, more sophisticated monitoring systems are needed to measure and assess the 

potential adverse effects of construction–related vibration. This article describes 

also the evolution of remote monitoring systems (utilizing internet achievements, 

local wi–fi area, etc.) being used for the special case related to vibration in sensitive 

facilities of airport near construction sites. 

4.2. The analytic – experimental prediction models 

The analytic–experimental approach suggests the test and the theory data 

combination to calculate the prediction level of ground vibration. In this process as 

an input data can be used accelerations (velocities) spectrum )(wwS   measured at 

the nearest ground point to the different kind of piles and hammers and generate 

experimental spectra data bank for authorized driving equipment and the same 

procedure to use for individual case study. On the surface (at a distance) of a linear 

viscoelastic half space, the acceleration response spectrum Sẅẅ(ω) can be expressed 

[8] in terms to the input spectrum of ground vibration accelerations )(wwS  , by    

( ) ( ) ( ) wwww SHS 

2
=

        (1) 

where |H(ω)|2 is the magnitude frequency response function for the half space 

medium and ẅ(t) is vibration accelerations amplitude of the surface measured at a 

distance l from the measured point near the pile driving site. The frequency response 

function – FRF (or transfer function) of the ground can be derived via experimental 

impulse seismic method (ISM) or cross–hole test data, from which elastic and 



attenuation parameters of the ground can be obtained, too. The measuring output 

response acceleration spectrum at the distance Sẅẅ(ω) due to input accelerations 

spectrum )(wwS    the FRF – H(ω) is possible derived by (1), too.  

5. EXPERIMENTAL MEASUREMENTS ON SITE 

5.1. The building site description  

The new part of the M. R. Štefánik  Bratislava Airport building development 

involved the relocation of the old technological collector under area of the operated 

airport buildings into the part of reinforced concrete collector along the new 

terminal and the terminal under reconstruction. Reinforced concrete tube collector 

cross section has internal dimensions of 2.5 m wide and 3.3 m high. The thickness 

of the walls, ceiling and base plate are consistently 300 mm tube is structurally 

designed as a reinforced concrete structure using a U–shaped, covered with 

prefabricated ceiling. Foundation of the collector and its technical chambers and it 

is about one meter below the ground water level an therefore it was necessary to 

make earth works using steel sheet pile (profiles Larsen 3n, length 10 m), which 

enabled to encircle the collector site very shortly after water pumps installation and 

the performing water pressure insulation. Sheet piles driving were performed by 

vibration ramming machines (MS 16HFV and 206H40). Trench shoring was 

insured by Larsen 3n steel sections for an average pit bottom depth of 5.3 m (Fig. 

2).  

 

Fig. 2 Vibratory pile driving in collector site. The Airport Bratislava, Location L2 

 

5.2. The Experimental tests at nearby construction site and airport building 

The ground vibrations and airport building response due to pile driving were 

measured by accelerometers BK – 8306 (Brüel–Kjaer). The output signals from the 



 

pickups were pre–amplified and recorded on portable PC equipped with A/D 

converters software packages NI (National Instrument). The experimental analysis 

has been carried out by off–line method, [1]. The ground and structure vibrations 

frequencies were obtained using spectral analysis of the recorded ground response 

dynamic components, which are considered as ergodic and stationary. Spectral 

analysis (spectra, PSD–Gik(j)) was performed via National Instrument software 

package NI LabVIEW. The wave velocities have been investigated by means of the 

correlation and spectral analysis  [8]  in order to obtain cross correlation functions 

Rxy(t) and coherence function γxy
2(f).   

Ground dynamic parameters. To calculate the prediction of vibration level and 

dynamic response for projected a new airport terminal T2 building  in adjacent 

operating T1 terminal building it was needs to know the building site soils dynamic 

parameters and FRF. The in situ impact tests were performed [1], at the T2 terminal 

building site (35,0 m distance from T1), see also Fig. 3. The object of experimental 

measurements of transient signal was to find:  

 • the Raleigh’s and share wave velocities by using standard equipment of  ISM,  

 • the same dynamic characteristics as mentioned in stationary signals 

investigation (at nearby pile region) via the spectral and correlation procedures.  

The tests result: CR  = 155.10 ms–1; 
G = 0.117;  E0 = 149.20 MPa; G0 = 55.95 

MPa. 

The calculation includes data:  λR = 9.2 m,  ρ = 1950 kgm–3, α = 0,0398 (m–1), 

l = 16 m, (B2–B4, ISM measured points distance)  FRE =1.061457  and  ν = 0.33.  

The attenuation coefficient α (m–1) was obtained by Golicyn's formula via 

standard deviations of displacement amplitude vibration values σ(0) and σ(y) at the 

distances l0,ly from source of excitation using the displacement PSD–Gii(0) and 

Gkk(y), see also [9]. 

  

Fig. 3 Measured points positions at L2 location in top view and cross section 

Buildings structure dynamic response (BSDR). The main purpose of the pile 

driving tests at the site was to control the distance where ground vibrations could 

be expected to be lower than the limiting value recommended e.g. by STN EN 1998–
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1/NA/Z1 (2010) or vibratory pile drivers (VPD) operating mode regulation. To 

achieve   this purpose it was also useful to apply e.g. the Swedish Standard (1999) 

where maximum allowable calculated vibration velocity (vertical component) is 

vmax = 7,8 mm/s. Before starting of tests and monitoring BSDR series it was set up 

the operation modes rating of all using pile drivers to avoid unfavorable level of 

vibration (standars level on foundation or ceiling) on airport terminal structure 

(calibration). However, some concern was expressed with regard to environmental 

considerations (occupants). It was reason to carry out 9 series measurements and 10 

days continual monitoring of the dynamic response of the airport terminal buiding 

structure at selected representative points, (Fig. 3). Short description of used 

monitoring system: The sensors are connected to an analyzer that also provides 

power to the sensors. The analyzer was connected to a laptop computer served only 

as communication devices to pull data off the analyzer, see also [10]. The laptop 

was connected to the internet network, it allows remote control, remote data 

download and a conduit for alarm notifications. Information about the objects, type 

of measurement and the distances to the source of vibration caused by the VPD are 

given in [1]. 

As an example of the of the VPD  induced vibrations velocities spectral analysis 

result (PSD) on the structure at point BK2 and also the ground and structure 

velocities time histories functions v(t)  at points BK1 and BK2 at are plotted on Fig. 

4. Results of experimental tests and monitoring via extreme data values of all 

measurements are summarized in the accompanying Fig. 5. 

 

Fig. 4   Examples of vibration velocities amplitude time histories ẇ(t), ẇ(t) and  

PSD Gẇẇ(f) at Airport Bratislava, Location L2; pickups BK1(z) and  BK2(z),Test 

Nr.6 



 

 

Fig. 5.  Results of 9 experimental tests and 10 days monitoring in comparison to 

[11], [12] 

CONCLUSION 

❖ This paper presents an overview of some prediction model for the ground–

borne vibrations and the buildings structure dynamic response due to pile 

driving process. The numeric–experimental approach based on application 

of spectral and correlation analysis to calculate (FEM) ground dynamic 

response at the distance and dynamic response of building structures 

situated nearby construction works area were introduced.  

❖ The relevant calculation procedure and experimental measuring procedure 

were suggested and applied in the case study of pile driving process at the 

airport construction site, too. 

❖ The main purpose of the pile driving tests was to determine the distance 

where the ground and building vibrations levels will be lower than the codes 

limiting values during optimal vibratory pile drivers operating was 

achieved. 

❖ From comparisons of experimental tests and building monitoring extreme 

data values of all measurements it follows that all data of standards 

prescription values and criteria regarding airport building structure during 

guided vibratory driving of sheet piles working in the adjacent construction 

site were fulfilled. 
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ABSTRACT 

Electricity is considered to be the leading industry in the country. The choice 

of management strategy depends on the degree of sustainability of the economy as 

a whole. In the energy sector, there are growing multifactorial crisis phenomena, 

both global and intra-sectoral. Changes in the earth's climate due to excessive air 

pollution caused by energy companies in the combustion of fossil fuels (coal, oil 

and gas) is a major contradiction that adversely affects the sustainable development 

of both the industry and society. In addition, Kazakhstan's electric power industry 

has mainly worn-out fixed assets and requires regular investment funds, causing a 

continuous increase in energy tariffs. Further development of these processes, along 

with the inevitable increase in fuel prices can lead in the long term to extensive 

development of the economy and industry, and the country. These problems hamper 

the sustainable development of the electric power industry in the long term. In other 

words this problem raises the issue of the need to find a new mechanism of industry 

management to obtain the status of a sustainable industry.  

Thus, the dynamically developing economy of Kazakhstan provides stable 

functioning and development of electricity production. However, the industry is 

developing due to the huge damage to the environment. The development of 

territorial production systems (energy facilities) does not take into account 

environmental interests. The implementation of the concept of transition of 

Kazakhstan to sustainable development determines the gradual introduction into the 

economy of an environmentally ideal industrial structure of production, excluding 

environmental pollution. Therefore, the relevance of the research topic is due to the 

lack of a mechanism for the transition to the sustainable development of electricity 

production. The paper considers modern concepts and indicators of sustainable 

development, provides an overview of a new mechanism of management of 

sustainable development of the power industry in Kazakhstan. At the same time, 

this study presents the monitoring of the impact of energy enterprises on sustainable 

development resources (air basin).  

Keywords: sustainable development, power industry, air basin, resources of 

sustainable development, environmental system. 

INTRODUCTION 

Kazakhstan has distinctive features of the sustainable development process as 

well as a number of internal and external prerequisites for implementing sustainable 

development policies: the presence of a large number of environmental and social 

crisis phenomena, political stability as an important prerequisite for the formation 

of sustainable development, a balanced foreign policy, a stable place in the world, 



 

political space, a high level of public security, a high rate of market reforms, the 

presence of incentives for a transition to sustainable development, the strategic 

focus of the country on the development of international relations and favorable 

geographical position, growing public intelligence, mentality, a tendency to 

strengthen environmental policies, achieved some progress potential environmental 

activities and more. 

However, there are factors limiting sustainable development as the absence of 

an expanded definition of the concept “sustainable development”, its criteria, 

characteristics and indicators; the formation of the main part of capital at the 

expense of the activity destroying nature, the raw material orientation of the 

productive forces, etc. 

For reference, according to the environmental sustainability index of the Yale 

Center for Environmental Law and Policy, based on 22 indicators in 10 categories, 

Kazakhstan ranks 101 with an index of 54.56. At the same time, in 2016 Kazakhstan 

ranked 69th with an index of 73.29. This index includes such parameters as 

indicators of the state of ecosystems, environmental stress, environmental aspects 

of public health, social and institutional capacities, and international state activity, 

etc. [1]. The world community sustainable development is understood as 

development that satisfies the needs of the present without threatening the ability of 

future generations to meet their own needs. Based on the purpose of the study, based 

on the studies of domestic and foreign authors, we define development under 

sustainable development, which ensures long-term stable economic growth that 

does not violate the natural basis for the existence and functioning of industrial 

production, i.d electricity production. In addition, the transition to sustainable 

development involves the management of electricity production, which ensures the 

satisfaction of the basic electricity needs of present and future generations, while 

maintaining the quality of the environment which will serve as a guarantee for 

human existence in the natural environment. 

This definition sets a new goal - to achieve high results in the production of 

electricity while improving the quality of the environment. Realization of this goal 

is seen when performing the following tasks: the pace and volume of consumption 

of natural resources must be within the limits of natural ecosystem restoration, 

production waste must be correlated with the capabilities of the biosphere; the 

production process should be related to the existing environmental risk factor; 

development strategies should be based on present and future generations. 

Returning to the theoretical interpretations of management, management of 

sustainable development involves the organization of management of the system 

development process. No wonder the term “sustainable development” is applicable 

in cases where it is currently invested in it. The sustainability of the development 

process is determined by the random coincidence of the properties of the system 

with the requirements of the environment. As a rule, flexible, with high potential 

adaptation system has a greater likelihood of existence and development. From the 

standpoint of management theory, the problem of sustainable development is a 

system that is ready to make fundamental changes. The system should make a 

transition from the existing influence in relation to the environment, exponential in 

its development indicators - growth, to a sustainable, self-sustaining, environment-



friendly development. This means that development should be carried out contrary 

to internal laws, according to the chosen scheme, it is manageable.[2] The processes 

occurring in the set, uncontrollably, randomly, respectively, end with random 

consequences. Sustainable development management involves the organization of 

the process of controlled and controlled transformation of the system into a different 

from the existing and customary conditions of existence, not destroying the 

sustainable global equilibrium in nature. The process requires organization, 

management. Therefore, when considering the problem of sustainable 

development, it is necessary to resolve the issue of the possibility of sustainable 

development of such a system and, if possible, determine the ways to manage this 

development in order to make it endless and harmless to the environment.  The 

functioning of modern society leads to a constant increase in the consumption of 

energy resources. The tendency of development of the world economy suggests that 

by the end of the XXI century, subject to a limited supply of fossil fuels, the annual 

consumption of primary energy resources will increase three to four times. At the 

World Summit on Sustainable Development (WSSD) in Johannesburg in 2002, it 

was noted that the sustainable development of countries is provided with a sufficient 

amount of energy resources, the use of which should not overload ecosystems and 

cause irreversible changes in them. Therefore, the further development of the current 

generation should not be to the detriment of the development possibilities of future 

generations. In this regard, the gradual replacement of fossil fuel resources used for 

renewable energy purposes. 

The territory of Kazakhstan historically endowed with significant reserves of 

fossil fuel has become a source for the development of the fuel and energy complex, 

which makes a significant contribution both to the economy and to the depletion of 

natural resources. “In other words, the activities of the electric power industry as part 

of the country's fuel and energy sector, being an indispensable sector in the structure 

of the economy, lead to the degradation of terrestrial and aquatic ecosystems, a very 

polluted air basin, surface water and groundwater, the formation of over 30% of solid 

industrial waste in the country and 79 , 2% of total greenhouse gas emissions. 

Underground and surface mining of solid fuels lead to large-scale natural losses. 

Thus, the extraction of oil and gas leads to the alienation of the land, large 

hydroelectric power plants permanently modify natural habitats and ecosystems, and 

also transform the landscape and river beds of the dam and dam. In turn, the 

production of electricity requires the burning of organic fuels, which, as a local 

negative impact on the environment of the energy industry, has a significant impact 

on the global climate of the planet. The rapid increase in greenhouse gas 

concentrations in the upper atmosphere over the past 40 years has been the main 

cause of global climate change on Earth. Recall that the main anthropogenic 

greenhouse gases emitted by fuel and energy companies are carbon dioxide (CO2) 

released during the combustion of solid fuel and methane (CH4). The publications, 

scientific papers and international documents contain the terms “sustainable energy” 

and “sustainable energy development” [3], however, there is no separate term 

“sustainable development of electricity production”, which considers sustainable 

development in the production of electricity from solid burning fuel, which is 

important for Kazakhstan, especially for the regions of Kazakhstan. In the course of 

the study, the definition of the term “sustainable energy development” was found [4], 



 

on the basis of which we will try to give a scientific and practical definition of 

“sustainable development of electricity production”. The report “The World 

Conservation Strategy” (1980), presented by the International Union for 

Conservation of Nature and Natural Resources, gave the definition of “improving 

the quality of human life while maintaining the sustainability of supporting 

ecosystems”. The publication of the report “Our Common Future” (1987) prepared 

by the United Nations Commission on Environment and Development, headed by 

the Prime Minister of Norway Gro Harr Brundtland, stated a different definition as 

“development that meets the needs of the present menia, does not compromise the 

ability of future generations to meet their own needs.” The conclusions of this report 

became a theoretical-methodological and conceptual basis of decisions about the 

need for civilization to switch to a model of sustainable development, adopted at 

the 1992 Conference in Rio de Janeiro. Academician AD Ursul proposed his own 

definition of "" ... the concept of SD assumes that both humanity and the biosphere 

will interact in such a way that n; indefinitely long times it will be possible their 

joint or mutual harmonious co-development, or co-evolution of society and nature, 

which can lead to the gradual (evolutionary) formation of a sustainable society, or 

the noosphere (noospheric civilization) ”. V.I Danilov-Danilyan formed his 

understanding of the term as “development in which the anthropogenic impact on 

the environment corresponds to the assimilation potential of the environment”. Prof. 

Zh.Adilov suggested a different definition for discussion in the framework of his 

research: “sustainable economic development was understood as such 

development, which ensures long-term stable economic growth that does not 

destroy the natural basis of the existence and functioning of its production. This is 

a development in which the environment is the anthropogenic impact corresponding 

to the assimilation potential of the environment." [5]  The scientist, Ph.D., 

Ismagulova, G.E., proposed her definition as “under sustainable energy 

development is considered an energy development that does not threaten the 

sustainability of both the global climate of the Earth and local ecosystems”.  [6] 

Based on the above definitions, we propose the following definition as by 

sustainable development of electricity production “we understand the stable 

development of electricity production while maintaining the quality of the 

environment within the territorial limits of the energy facility without causing 

damage to present and future generations”. Sustainable electricity production is a 

reduction in the share of electricity per unit of output, as well as the tightening of 

energy standards in the country. By “sustainable development of electricity 

production” we understand the stable development of electricity production while 

maintaining the quality of the environment within the territorial limits of the 

operation of an energy facility without harming present and future generations. 

Thus, the reduction of greenhouse gas emissions due to the activities of electricity 

generation is possible, in our opinion, on condition that: introduction of innovative 

and technical developments in the technological structure of electricity production, 

transportation and distribution of electricity, toughening requirements for energy 

efficiency and energy saving in all sectors of the economy. Only such conditions 

today can create a transition to a new type of economy, to an economy with an 

environmental component. 



The Republic of Kazakhstan fulfills its obligations in the field of climate change 

and reduction of greenhouse gas emissions, which is the political will of the 

Government of Kazakhstan. Based on the above, based on the opinion of authoritative 

experts on climate change, for the power industry it is possible to recommend 

economical consumption of raw materials, increase efficiency in the management of 

enterprises and a gradual transition from hydrocarbons to other types of energy carriers, 

eliminating waste. Otherwise, the greenhouse effect will reach a level dangerous for 

the existence of ecosystems and the person himself. Even if the Kyoto Protocol is not 

effective, the way it indicates is the only correct one. But start following immediately 

to give the right signal to the industrial world. [7]. 

RESULTS 

Industrial production is one of the main consumers of resources and the main 

source of environmental pollution. One of the most important objectives of 

industrial policy is to create the basis and conditions for a highly competitive and 

competitive industrial sector, ensuring stable sustainable development. Until 

recently, there was a definite tendency to view the development of industrial 

production and the interests of the environment as polar, but the transition to a 

model of sustainable economic development implies the preservation of 

environmental quality and natural resources while simultaneously achieving 

economic growth. Thus, industrial production becomes not only part of the 

problem, but also part of its solution. Consider the state of the environment in the 

country. On the territory of the republic, only 3.5 thousand industrial enterprises 

located in 80 cities characterized by classes 1-5 of sanitary hazard are air pollutants. 

According to the priority list of cities of the Republic of Kazakhstan on the level of 

air pollution in 20 cities, mainly regional centers have a negative impact on the 

degree of quality of atmospheric air. Industries that directly put pressure on air 

pollution are among the leading industries in the overall structure of production of 

the Republic of Kazakhstan. The largest contribution to air pollution, in most cities 

makes the industry - energy. Being the locomotive of the national economy sectors, 

this industry produces over 70 billion kWh, while the emissions to the atmosphere 

are about 785.5 thousand tons. in year. So, non-ferrous metallurgy - Atmospheric 

air pollution index-  (AAPI5). According to calculations, the standard index and the 

highest repeatability, in September 2018, the class of very high levels of pollution 

included: 3 cities (the standard index is more than 10, the highest frequency is more 

than 50%). High levels of pollution (standard index - 5-10, the highest repeatability 

- 20-49%) are characterized by: 7 cities and 1 point. The increased pollution level 

(standard index - 2-4, the highest frequency - 1-19%) includes: 15 cities and 2 

points. Low pollution (standard index - 0-1, the highest repeatability - 0%) is 

characterized by: 11 cities 8 points. High and very high levels of air pollution in 

populated areas by such pollutants as: nitrogen dioxide, carbon monoxide, sulfur 

dioxide, formaldehyde, hydrogen sulfide, suspended particles, phenol, ammonia are 

due to: 1) road congestion by urban transport - the complexity of gasoline and diesel 

fuel emissions from motor vehicles is one of the main sources of pollution of 

atmospheric air of settlements with nitrogen dioxide, carbon monoxide, organic 

substances, etc., and roads in cities even with good airing capacity leads to the 

accumulation of harmful impurities in the air. 2) dispersion of emissions from 



 

industrial enterprises - the result of production processes during the combustion of 

industrial products is the entire list of harmful substances causing a high level of air 

pollution. Dispersing them in an air basin over the territory of settlements 

significantly affects the quality of the atmospheric air of cities, suburbs and towns. 

3) low ventilation of the atmospheric space of populated areas - airborne pollutants 

accumulate in the surface layer of the atmosphere and their concentration remains 

at a very high level. Analysis of environmental pollution, in particular, atmospheric 

air of certain types of economic activity in recent years, shows that in this matter 

the leaders are: the production and distribution of electricity, gas and water; 

manufacturing industry; metallurgical industry; mining industry; extraction of 

materials for energy; extraction of crude oil and natural gas; transport and 

communications. An interesting fact is that, on average in the republic, 154 kg of 

various chemical compounds are released into the atmosphere by industrial 

stationary sources per year (793.4 kg in the Karaganda region, 547 kg in the 

Pavlodar region, 397 kg in the Atyrau region, etc. ). [8] The total mass of other 

organic substances is about 8 thousand tons per year. Summarizing the above, 

atmospheric air is under the direct influence of the energy sector of the economy. 

In this regard, we consider the relationship of the activity of this sector with the 

pollution of the atmosphere by its emissions. 

The energy sector in Kazakhstan is the main source of pollutant emissions into 

the atmosphere in the form of ash, sulfur and nitrogen oxides, and carbon monoxide. 

In 1990, enterprises of the energy sector emitted about 2.3 million tons of pollutants 

into the atmosphere, which accounted for 35% of the total amount of emissions into 

the atmosphere (or 53% of emissions from stationary sources). In 1996, this figure 

was about 1 million tons or 28% of total emissions (41% of stationary source 

emissions). Significant amounts of air pollution by the energy sector are explained: 

firstly, the use of low-quality coals in power engineering, secondly, the poor 

equipment of thermal power plants and boiler systems for exhaust gas cleaning [9]. 

The republic’s energy sector has a significant impact on greenhouse gas emissions. 

According to the results of the Kazakhstan inventory, the total emissions of gases 

with a direct greenhouse effect in 2017 amounted to 154.7 million tons of CO2-

equivalent, including 122.5 million tons of emissions from all energy activities, 13 

million tons from industrial processes, 16 million tons from agriculture  [10] and 

3.3 million tons from the category of waste. The absorption of C02 by forests was 

8.3 million tons. Thus, net emissions, taking into account the absorption 

(sequestration) of CO2 by forests, are estimated at 147.5 million tons of CO2 - 

equivalent. Total CO2 emissions are 120.8 million tons without carbon absorption 

by forests, and taking into account absorption - 112.5 million tons. Total specific 

emissions of greenhouse gases in 2017 were more than 10 tons per capita, of which 

about 8,1 tones  accounted for CO2 only. Thus, having significant reserves of energy 

resources and a developed energy industry, Kazakhstan has an energy-intensive 

economy, the production of heat and electricity is accompanied by high specific 

consumption of mineral fuels and significant atmospheric pollution with harmful 

emissions and greenhouse gases, and the population does not have sufficient energy 

supply. Therefore, measures to reduce the energy intensity of the economy, improve 

the efficiency of production and consumption of energy resources, together with 



measures to support the energy supply of the population are necessary to ensure 

sustainable development and improve living standards in Kazakhstan.[11] 

Kazakhstan has great potential for energy saving. Currently, work continues on 

the preparation of projects that are acceptable for implementation under the Kyoto 

Protocol. Energy enterprises that do not have their own funds for technological 

upgrading can participate in CDM projects. Through this mechanism, such 

enterprises can receive on credit modern technologies in exchange for certified 

greenhouse gas emission reduction units, which the investor will receive after the 

project implementation. Enterprises with funds for the modernization of technology 

can participate in the joint implementation of greenhouse gas emission reduction 

projects in Kazakhstan. At the same time, they receive the investment funds that are 

lacking for modernization and undertake to return to the co-investor after the project 

implementation its share of certified reductions in greenhouse gas emissions. The 

energy undertaking can use its share of “reductions” at its own discretion [12]. The 

successes achieved and plans for the country's entry into the 30 competitive countries 

of the world require a review of the existing view on the development of Kazakhstan. 

The stable development of the energy production process, which is responsible for 

the uninterrupted and high-quality supply of electricity and heat to all sectors of the 

economy, plays a priority role in the process of achieving economic growth in the 

Republic of Kazakhstan [13]. However, the rapid growth of world energy 

consumption leads to an increase in the impact of energy on the environment, which 

contradicts the basic principles of sustainable development. The development of 

global energy in the direction of searching for substitutes for traditional natural fuel 

and energy resources (FER), which is caused not only by their depletion, but also by 

the harmful effect on the environment, which grows with increasing low-grade fossil 

fossil fuels, mainly coal, increasing energy production and increasing volumes and 

cost of its transport. This is reflected in the degradation of the natural environment, 

the extraction of non-renewable natural resources, the imbalance of the mining and 

processing industries. The impact of energy on the environment is manifested in the 

removal and consumption of natural resources, in the effects of energy production 

waste, and also in-side effects. 

CONCLUSION 

The Republic of Kazakhstan is a potential leader among states claiming the 

right to acquire the status and functions of the state - the guarantor of global 

sustainable development. However, the further development of the country in the 

outlined rates faces a number of problems directly opposed to the basic tenets of 

sustainable development. Thus, the country's economy is in a certain dependence 

on the commodity sector, with the increasing pace of the industry, and a significant 

lag in the field of high technologies. Overcoming barriers to Kazakhstan should be 

implemented in the shortest possible time, since in order to achieve leading 

positions it is necessary to ensure acceleration of socio-economic progress. 

Thus, being an indispensable sector in the structure of the economy, energy 

remains the main environmental polluter in the country. Relying on the main 

priorities reflected in the Concept of Transition in the Republic of Kazakhstan to 

overcome the instability factors caused by the influence of the energy industry in 



 

order to ensure sustainable economic development, the following types of activities 

should be implemented: development of domestic “breakthrough technologies” 

based on stimulating science and innovation; wealth from unsustainable 

environmental management through the introduction of joint economic and 

environmental standards of national accounting resources; introduction of modern 

science-based approaches to environmental management, including environmental 

methods of using natural resources; improving the energy efficiency of the domestic 

economy through the implementation of effective government programs, competent 

policies for overcoming energy losses; technological re-equipment of economic 

sectors by encouraging the creation and introduction of modern technologies and a 

ban on import and use of imported obsolete technologies and equipment; the share 

of enterprises exploiting natural resources in the structure of the national economy 

is crumbling, the development of knowledge-intensive, resource-saving, high-tech 

industries; elimination of historical pollution through the possible recovery and 

partial use of valuable materials accumulated at landfills; stimulation of the 

introduction of resource-saving and waste-free technologies in all areas of activity; 

support for environmentally efficient energy production, including the use of 

renewable sources and secondary raw materials; to achieve sustainable 

development in the industrial sector, it is necessary to create a system of national 

energy planning based on the use of renewable energy sources and clean energy 

strategies that link available energy resources and the development of technology 

programs to national security and sustainable development scenarios. 

REFERENCES 

[1]. Hsu A., Zomer A. Environmental performance index //Wiley StatsRef: 

Statistics Reference Online, pp. 1-5, 2014 

[2] Moldan B. And Billharz S. Sustainbility Indicators // Report of the project 

on Indicators of Sustainable Development, SCOPE 58, John Wiley&Sons, 

Chichester, 1997 

[3] Spangenberg J. H. Reconciling sustainability and growth: criteria, indicators, 

policies //Sustainable development. – 2004. – Т. 12. – №. 2. – С. 74-86. 

[4] C. V. Solovyov nature Protection and environmental management in Russia 

in the light of accession to the WTO. Bulletin of the center for environmental policy 

of Russia "On the way to sustainable development of Russia", "Reform press", 

Russia, vol. 22, 2003 

[5] Ismagulova G. E. thesis abstract for the degree of candidate of economic 

Sciences " Ecological and economic efficiency of functioning of enterprises of fuel 

and energy complex of Kazakhstan in the conditions of globalization: methodical 

approach to evaluation and mechanisms of its increase, Kazakhstan, p.28, 2006 

[6] Adilov Zh. M., Aitzhanova Zh. N., Kravtsov A. G. Formation and 

implementation of sustainable development priorities:. Monograph, Kazakhstan, 

p.192, 2000. 



[7] Ismagulova G. E. Problems of waste management in power industry of 

Kazakhstan M. B. // Proceedings of the international Symposium "Environmental 

Issues and Waste Management in Energy and Mineral Production", Turkey, 2004. 

[8]. Ismagulova G. E. (co-author) assessment of the stability of the mineral 

complex: methods and indicators // Materials of the International scientific and 

practical conference "Mining Sciences of the Republic of Kazakhstan-results and 

prospects", Kazakhstan, vol.68, Part II, Institute of mining, 2004 

[9] Statistical compendium, Kazakhstan, 2017 

[10]. Amirova E.F., Voronkova O.Yu., Pyurveeva K.A., Shatalov M.A., 

Panteleeva T.A., Sorokina O.A Functioning of agricultural complex in the 

conditions of digital economy // International Journal of Mechnical Engeneering 

and Technology (IJMET), Vol.9/issue 13, December 2018, pp.586-594.  

[11] Ismagulova G. E. Ecological and economic problems of power 

engineering of Kazakhstan and ways of their decision // information and analytical 

journal Sayasat-Policy, Kazakhstan, №7/issue 108, 2004. 

[12] A collection of acts of the President of the Republic of Kazakhstan and the 

government of the Republic of Kazakhstan, Kazakhstan, pp. 115-124, 2001.  

[13]. Aisautova S. Reducing the accumulation of waste mining. Industry of 

Kazakhstan, Kazakhstan, vol. 10, p. 62, 2005 

 


